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Switzerland with its seven million inhabitants has a high standard of living and has the sixth
highest electricity consumption per capita in the world. Due to a complete lack of natural
resources, its electricity production was historically completely relying on hydro-electric power
stations. Since 1970, an ever increasing part comes from nuclear, which today accounts for 40%.
The four Swiss nuclear power plants always rank among the top performing units worldwide with
an average load factor well above 80%. (Table 1)

Table 1: Nuclear Power Plants in Switzerland

PLANT

Beznau 1

Beznau 2
Miihleberg
Gosgen
Leibstadt

MW
(gross)

364

364
372
1020
1085

Type

PWR

PWR
BWR
PWR
BWR

Supplier

w

w
GE

KWU
GE

Start of
operation

1969

1972
1972
1979
1984

Lifetime
CF

78.3%

85.6%
86.2%
86.6%
83.8%

Like in most other countries, the economic aspect of nuclear generation in Switzerland is also
under heavy pressure, especially in view of a possible deregulation of the electricity market in
Europe.

Independent of all economic pressures put on the operator of a nuclear power plant, our present
and future guidance is:

Only a running plant is a cost effective plant

Only a safe plant is a cost effective plant

The cost of nuclear electricity generation is primarily driven by the following three categories:

(Table 2)

For Beznau and two other Swiss NPP's the cost situation for 1995 is as follows:

- O&M cost
- capital cost
- front and back end cost of fuel cycle.



Table 2: Total cost of nuclear generation

PLANT

K K B 1 + 2
KKG
KKL

Total cost p
Swiss Rp.

6.5
5.2
8.5

erkWh
US-cents

5.4
4.3
7.1

Percenta;
O & M

38%
31%
24%

*e of total
Capital

15%
30%
47%

cost
Fuel cycle

47%
39%
29%

O & M costs include personnel costs
Capital costs include interest on reserve funds
Fuel cycle costs include fuel, reprocessing, dismantling & final storage co

Since station management has relatively little influence on the categories of capital cost and fuel
cycle cost, it is 0 & M cost which is the dominant factor for applying cost effectiveness.

The paper shows, how at Beznau NPP this problem is tackled and some of the measures which
are taken here to keep nuclear generation competitive. A comparison to the other Swiss NPP's is
also given.

The paper addresses the following seven aspects:

Plant personnel

Table 3 shows the present number of plant personnel in the four Swiss NPP's and their
organizational structure. The numbers pertain to permanently, full-time employed personnel at
the site. Not included is the security force, since in many NPP's this force is not part of plant
personnel.

Table 3: Number of full-time employees

Site Personnel
(Security forces not included)

PLANT

K K B 1 + 2
KKM
KKG
KKL

Oper-
ations

110
77
79
92

Mainte
Mech.

94
45
79
73

nance
Electr.

63
33
64
68

Surveill-
ance
46
39
49
72

Admini-
stration

75
55
65
61

Total:

388
249
336
366

Compared to most other NPP's, the staffing is quite small. This is even more pronounced due to
the fact, that all four plants do not rely on any significant support from company headquarters;
with the exception of our-of-core fuel management.
There are many reasons for the small number of plant personnel:



-Stable work force (yearly turnover <3%)
-Highly skilled work force (national apprenticeship programs)
-Pragmatic approach to administrative procedures

(emphasis on work, not so much on paper)

Personnel cost (salaries and social security benefits) add up to 10-15% of the total kWh-price.
Cost effectiveness is also here a factor and a relatively small work force contributes to lowering
overall costs.

The goal is clear: Keep the number of plant personnel low and compensate with highly skilled
and motivated employees, together with continuous training and retraining.

At Beznau NPP an in-depth internal study with external coaching support has revealed where
improvements in efficiency ("doing the job right") and effectiveness ("doing the right job") can be
made. This study is comparable to a "Re-engineering" effort and resulted, among many other
aspects, in the benefit of keeping the work force at a steady level since.

Maintenance philosophy

Our maintenance practice until today is primarily a preventive one. With over 25 years of
operating experience, we have a well documented life time history of all important components,
which gives us a good predictability for the scope of maintenance and the maintenance intervals.
The fact that unplanned down time during operation is of the order of 1% or less and that we
never had major breakdowns of equipment which caused down times of more than a few days, is a
good indication, that our maintenance philosophy is correct. However due to scarce resources,
we are changing to a more pronounced condition based maintenance practice. This however
requires quite extensive condition monitoring equipment, something which older plants generally
do not have. Therefore one has to balance the cost of additional monitoring equipment against
the present practice of preventive maintenance which could possibly be too expensive. A good
example where condition based maintenance has saved appreciable cost and time is our
maintenance program on MOV s.
A well equipped machine shop not only performs the majority of repair work but also fabricates
mock-ups to train maintenance personnel for difficult jobs in high radiation fields. This enables
the personnel to perform the actual work in a minimum of time and without unforeseen
difficulties, which helps to keep shutdown times short.
In an older plant like Beznau, the replacement of components is continually going on. New
equipment not only increases safety but generally also decreases maintenance costs. Although the
initial cost for replacements are usually very high, not least because of a shrinking market, the
savings in maintenance costs can be substantial in the long run. In this respect it is very important
to look ahead for the long term and not so much on a day to day basis for reducing maintenance
costs.
The decision to replace both steam generators in unit 1 in 1993 in unit 2 in 1999 was heavily
influenced by saving the annual inspection and repair costs of approx. SFr. 750'000.-(US $



600'000.-), not counting the cost of the prolongation of the refueling outage time by approx. 10
days in each unit.
The refuelling cycle in European NPP's is predominantely on a 12-month basis.
The changeover at Beznau to an 18-month fuel cycle (unit 1 in 1993 and unit 2 in 1997) has also
reduced maintenance costs without increasing the total costs.

During earlier times, when resources were more readily available, maintenance was quite often
performed on the basis "the best is just enough". With todays limited resources, a mental change
has to be implemented with an attitude of "enough to maintain high safety and availability". Any
luxury or wishful but not absolutely necessary maintenance has to be avoided. This mental change
is sometimes difficult to reach but contributes to substantial savings.

Outside contracting

As shown in Table 2, the maintenance work force is quite small. It is therefore unavoidable to
rely on some outside contracting. This however is mostly limited to peak times during the annual
refueling outages and is generally of the order of 200 to 300 additional external personnel during
this time. A limited number of outside contracting not only reduces direct costs but makes
supervision of work much more efficient.
Great emphasis is put on highly qualified outside contractors and especially on the requirement
that external personnel, whenever possible, is exactly the same as in previous years. At Beznau,
outside contractors are always under the full supervision of plant personnel and with the exception
of maintenance on the turbine-generators, normally no packages of work are wholly
subcontracted to outside contractors. This certainly puts a high burden on all plant personnel, but
since this limited to a short time during the year, this is accepted. As an example, certain
mechanical work, e.g. preparations for defueling the reactor core, are executed by plant personnel
from the operations department.
On the engineering side, support from outside is certainly necessary for large and complex
projects which require in-depth knowledge of reactor systems. But here again, our on-site
engineering groups are involved as much as possible in such projects in order to gain insight and
to increase our knowledge for greater independence from outside contractors. A good example
of strong involvement was our accompaning of the plant specific Probabilistic Safety Analysis
(PSA) which resulted in our "Living PSA" with numerous benefits to reduce overall costs.

Engineering support

As mentioned above, there is practically no technical support from headquarters. This requires a
high degree of engineering independence on site. Both mechanical and electrical maintenance
departments have their own engineering groups which are involved in all plant modifications and
backfitting projects. The support from these engineering groups within the site organization has
the benefit of a very direct feedback of experience and gives also the opportunity for interesting
and motivation work besides the routine maintenance.



Backfitting philosophy

To keep an older plant technically up to date and in agreement with today's safety requirements is
a continuous process and large sums of money have to be invested for this. Older plants are
especially penalized in this respect, since their rating is usually small (300 to 600 MWe) and also
the remaining life is short for depreciation of costs incurred. Both facts unfavourably influence
the production costs. In order to keep costs down for such backfitting operations, a rigourous
planning ahead is absolutely necessary. Another help to keep large backfitting measures within
reasonable limits is the use of our "Living PSA". In many instances, the result of PSA checks
have revealed, that certain backfits will influence the overall risk only in a marginal range and
therefore should not be implemented. This however needs the consent of the safety authorities;
something which is often quite difficult.

The opposition to nuclear power in Switzerland has made it impossible to construct any new
nuclear power plant in the next decade or possibly even longer. At the moment, there is a
moratorium on any new construction until the year 2000.
Therefore, NOK, the owner and operator of Beznau NPP, has decided to operate both units for at
least 50 years, which means another 25 years from now on. This decision has a twofold effect on
the cost situation. First, it allows the long term planning for backfitting measures and second, it
extends the time for depreciation of the backfitting costs which helps to keep production costs at
a competitive level.

Plant aging management

The Swiss safety authorities requested, that each plant initiate an aging management program,
independent of plant age. This basically involves the establishing of a systematic fact file for each
safety related component, in order to proof that this component will fulfill the required functions
for the next operating period.
Although such a requirement is quite a large task, it can also have some benefits on maintenance
costs. The systematic screening of each important component will show its long term behaviour
as related to aging effects and can hopefully show that maintenance on some components, mostly
passive ones, can be relaxed. Plant aging management should be used as a tool for long term
planning. It will then help to anticipate possible failure mechanisms due to age and therefore gives
an input to the long term strategy on component replacement, which in many cases prevents
unexpected and costly maintenance work.

Safety authorities involvement

Safety authorities and their requirements on plant safety have a great influence on production
costs. This is particularly the case in an older plant, since backfitting is here much more
predominant than in newer plants. The Swiss safety authorities require in general that older plants
are brought up to the current safety standards. As an example, Beznau had to build a completely



self-sustained, bunkerized emergency system as protection against external events, such as
airplane crash, earthquakes, lighting, flood and sabotage. This additional safety system cost 500
Mio. Swiss Francs (approx. 400 Mio. US$) for both units. On the other hand, the Swiss safety
authorities are willing to accept the fact, that certain backfitting measures have a cost/benefit ratio
which is not justifiable if a strict adherence to the letter would be applied. They then accept
solutions which have the same goal but with somewhat relaxed conditions. However, such a way
of proceeding requires an open and honest relationship between the operator and the safety
authority. In the long run, such a relationship will help to keep overall costs on a reasonable level
or even may contribute to lowering costs.

Conclusion

More and more economic pressures are put on an operator of a nuclear power plant. Despite this,
the safe and reliable operation is the best measure to remain competitive in a growing market of
deregulation. Long term planning and the will to invest money to reach this goal will eventually
result in a cost effective plant performance.


