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Abstract

The Goesgen nuclear power plant, a 970 MWe KWU pressurized water reactor, is 
fitted with 4 x 50 %  emergency diesels and 2 x 100 %  special emergency (Not- 
stand) diesel units. Since the start-up tests of the diesels in 1977 several 
severe incidents occurred. As a consequence, different back-fitting actions 
were taken on the diesels and the emergency electrical system.

The presentation will treat the following subjects:
- lay-out of the onsite electrical power sources
- experiences and problems
- back-fitting measures
- periodic testing of the diesels
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Experience with Emergency Diesels at the Swiss NPP Goesgen (KKG)

1. Introduction

Goesgen is a Kraftwerk Union (KWU) pressurized water reactor generating 970 
MW(e) with 3 primary system loops. It follows the basic concept of its Ger
man predecessors Biblis B and Neckarwestheim with:
- 4 x 50 X emergency diesel generators
- 4 x 50 X systems for emergency core cooling (ECC)

and residual heat removal (RHR)
- 4 x 50 X emergency feedwater supplies

In addition, Goesgen has a separate and independent special emergency system 
(SES) for decay heat removal during and following an external event (air plane 
crash, fire in the control room, third party intervention etc.). This has 
2 x 100 X redundancies, each with its own SES diesel generator unit.

Goesgen was built between 1973 and 1979 and, since start-up, has operated with 
very high availability. However, during pre-operational testing, as well as 
during the 6 years of commercial operation, the emergency diesels have 
regularly suffered from severe problems, which often resulted in a major 
overhaul. Similar problems have occurred in foreign plants.

We believe that a summary of the experience gained at Goesgen is of general 
interest and worthwhile presenting at this meeting.

2. Lay-out of the Emergency Power Supplies at KKG

Goesgen has a standard on-site power supply (Fig. 1) with 4-redundancies, each 
having buses at 10 kV/6 kV and 380/220 V. Each redundancy may be supplied with 
its full-power requirement for normal plant operation:
- through the main-transformers from the 400 kV grid (generator breaker open)
- from the generator (27 kV) operating on house load 

with the 400 kV grid open, and
- from the 220 kV grid.

Cross-connections are available only between the 380 V-buses (OE-qualified), 
which are for normal plant operation and do not have emergency power supplies. 
Each 6 kV-bus "B", together with its secondary 380 V distribution buses “E", 
can be supplied with emergency power from its own diesel-generator unit.
These emergency diesels have the following characteristics:

16 cylinder "V" engine
1500 rpm, 3 MW continuous rating
Compressed air starting system
Engine heating and continuous lubrication when not running (pre-lubrication)

The independent and bunkered special emergency system (SES) is equipped with 
2 smaller SES diesel-generator units each rated at 900 kW/380 V, and each 
supplying its independent SES buses "F".

If a loss of power occurs in a redundancy for more than 2 seconds, then the 
corresponding diesel starts automatically and in a programmed sequence 
supplies its load.
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3. Occurrences and Measures Taken to Improve the 
Reliability of the Emergency Diesels_________

The 4 emergency diesels have been a source of problems at KKG since their 
preoperational testing. On the other hand difficulties have not been 
experienced with the smaller SES diesels. The following provides a history of 
the occurrences on the emergency diesels, together with the specific measures 
taken to improve their reliability. These measures involved close cooperation 
between the plant owner, engine manufacturer and the regulatory authority.

1977
During pre-operational endurance testing, 36 hours at full-load, 2 stay bolts 
securing a valve rocker-arm bracket broke (Fig. 2). The cause was deficient 
material quality/finish and insufficient quality control. Measures taken 
included checking the stress calculations, installing better necked-down 
bolts, improving quality control and repeating the endurance run.

Similar damage occurred at the Brunsb'uttel NPP at about the same time. It must 
be judged as a potential common-mode failure.

1979
In several NPPs damage to cylinder block surfaces was discovered on diesels 
with relatively high operating hours. Piston ring arrangement, and the material 
on some of the rings, were changed to resolve this difficulty. At the same time 
big-end bearings of new construction were installed.

These measures may be considered as preventative maintenance to improve the 
endurance characteristics of the diesels. Prior to this KKG had already re
fined its diesel test programme by introducing a warm-up run.

1981
Cracks were discovered in the cylinder heads of emergency diesels at various 
NPPs. The resulting inspection of the KKG diesels gave no crack indications, 
which was credited to the warming-up programme introduced into the periodic 
diesel functional tests.

1982
One diesel was completely destroyed by pistons seizing-up, breaking connecting 
rods and damaging the crank-shaft (IRS-Report 207). After investigating the 
damaged motor at the diesel's factory, the probable incident scenario, its 
cause and the ensuing damage were reconstructed as follows:

- As a result of maintenance in an electronics cabinet during the annual 
shutdown, the emergency diesel started inadvertently. After running for 
9 minutes the motor seized-up and stopped.

- Whilst the motor was running a bolt on a big-end bearing cap came loose, 
and worked outwards (Fig. 2). The bolt damaged the 1ubrication/coolant 
spray nozzle for its corresponding two cylinders and pistons. Due to the 
loss of lubrication and through overheating, tne pistons cut into the 
cylinder and finally seized-up. The bearing caps of the seized pistons 
then broke, as the crank shaft continued to rotate.
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The cause of the incident is believed to be a failure to tighten correctly 
and secure the bolt during engine assembly.

As with the other incidents, the question of it being a common-mode or random 
failure was raised. An immediate inspection of the remaining diesels showed no 
other loose bolts, which confirmed the assumption of a fortuitous occurrence.

Immediate measures included improvements to the torque requirements on the 
relevant bolts. In addition, as a long-term improvement, a system to measure 
exhaust gas temperature on each cylinder was installed. This provides an 
indication of the individual perfomance of each cylinder. In practice the 
temperature measurement has proved to be very sensitive and useful.

1984
Damage to another diesel (IRS-Report 430).
During the test runs of the diesel generators at the end of the 1984 shutdown, 
one of the four diesel motors had to be stopped because of abnormal noise. The 
subsequent inspection showed failure of a big-end bearing (Fig. 2). Tne crank 
shaft was damaged and had to be replaced. The failure of the bearing shell 
was due to a loss of the bearing metal. Other big-end bearing shells showed 
also partially damaged bearing metal.

After repair of the damaged diesel motor, a second and a third diesel motor 
were inspected. Some bearings showed also a partial loss of bearing metal.
The fourth diesel had more recent shells, installed after the damage and total 
repair of 1982. It was inspected at a later date and the bearings were found 
to be in good condition.

The most probable cause of the bearing damage is believed to be a diffusion of 
material between the thin outer layer of white metal (Pb-Sn) and the 
underlying lead-bronze shell (Pb-Cu-Sn). The intermetal 1ic (Cu-Sn) layer so 
formed is brittle and grows slowly at a temperature dependent rate. As a 
result of the varying loads on this brittle intermediate layer, adhesion of 
the white metal can be reduced until it flakes off.

A remarkable finding from ensuing checks on diesels in other countries (D, NL, 
F, E, B, CH) was that only diesels with mineral lubrication oil suffered 
bearing damage. Those with synthetic lubricant show (still) no evidence of 
damage.

This incident, which was rightly suspected to be a common-cause failure, led 
to action being taken by safety authorities, particularly in Germany. As an 
immediate measure in KKG, all 4 diesels received new bearings of the same 
type, one after the other, over a 4 month period. Various minor improvements 
to the pre-lubrication and main lubrication were introduced, and the bearings 
were run-in with an 18 hour engine test-run.
As a preventative measure KKG also changed to synthetic lubricating oil.

In the meantime KKG installed an external emergency power supply from a nearby 
hydro-station, which delivers, when required, a maximum of 12 MW to the 
house-loads. This supply was tested in the 1985 refuelling outage and was 
shown to have adequate frequency and voltage stability. By this means KKG has 
a reliable back-up emergency power supply, similar to that in other Swiss 
NPPs, which will be able to relieve the diesels during a loss of auxiliary 
power over a long period.
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KKG is planning, as a long term measure, to change the bearing shells on all 
the diesel motors to a new type with an intermediate nickel layer, which will 
largely prevent interlayer metal diffusion. Until these new bearings are 
installed, spotchecks on the unreliable bearings are to be carried out.

There was never any need to limit reactor operation throughout these 
difficulties. This was because:

1) The defective diesel was repaired and ready for operation at the start of 
nuclear power operations following the refuelling outage. The diesel 
damaged in 1982 received new bearings then, so that 2 diesels were 
considered as fully serviceable, the other two were considered as 
serviceable but not fully reliable for long time operation.

2) A period of about 4 weeks was needed to complete the revision of another 
remaining diesel. During this short period of plant operation with one 
unreliable diesel, and one diesel in revision (design bases: 1 diesel in 
revision plus one single failure) the probability of the event LOCA plus 
loss of auxiliary power was considered as negligibly small.

3) All external grid supplies were operational.

4) Both SES diesels, which supply sufficient power to SES auxiliaries to bring 
the reactor to cold shutdown, were available.

4. Functional Test Programmes

In the beginning the KKG-diesels were functionally tested monthly, and then in
2-monthly intervals. Since 1979 a warming-up programme prior to the functional 
test was introduced. Speed and power histories $re shown in Fig. 3. Following 
the damage to the big-end bearings, the programme since 1984 has again been 
slightly modified. To avoid a long period of running with zero load, the 
diesels are synchronized and loaded after about 4 minutes as soon as rated 
speed is achieved. The worry that the initial speed of 900 - 1000 revs/min 
would damage the bearings because of insufficient lubrication has proven to be 
unfounded. Full oil-pressure is available by 700 revs/min.

Every time a diesel undergoes a revision it is afterwards subjected to a 
special 6 hour functional test.

5. Concluding Remarks

Despite the three severe occurrences, KKG diesel generator sets show 
reliability figures which, against all expectation,are still in the range of 
normal values. Individual data up to summer 1985 is given in the following 
table and compared with figures from the Rasmussen and the German Risk 
Study-Phase I reports.
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Motor Starts Running Hours Failures to Start Operational Failures

EY «  360 165 
EY 21 295 165 
EY 31 225 180 
EY 41 255 210

0
1
1
1

Total 1135 720 5 3

Failure Probability KKG 
" " German Risk Study 
" " Wash 1400

5 x 10-3 
3 x 10-2 
3 x 10-2 per 

demanc

4 x 10-3 
4.5 x 10-3 

3 x 10~3 per
runni ng 
hour

These figures and our experience show that on one hand the auxiliaries and the 
electrical components of the diesel generator sets worked reliabley with no 
failures. On the other hand, despite their apparently adequate reliability 
values, the diesel motors have proven to be a weak point for the long term 
emergency power supply.

From the viewpoint of the Swiss safety authority, the KKG high-powered, fast
running, emergency diesel motors have proven to be sensitive and demanding 
components having a potential risk of common mode failure. Diversity in 
emergency power supplies is therefore desirable. In Switzerland we are 
relieved to have now in KKG an additional, back-up emergency power supply 
from a nearby hydro-station.
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Bif bearing Cran k -Shaft

Tiq-Z Cross-Section of an Emergency diesel
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Tio. 3 Functional Test Program m e
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