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ABSTRACT
Various problems have occurred op the diesel generators in 
the Belgian nuclear power plants, Independently of the D.G. 
manufacturer or from the operating crew* Furthermore no 
individual part of the D.G. can be Incriminated as being 
the main cause of the incidents. The incidents reported 
in this paper are chosen because pf the importance for the 
safety or for the long repair period.
The unavailability of a D.G. cap only be detected by periodic 
tests and controls. Combined with a good preventive mainte
nance, the risks of incidents can be reduced.

RESUME

Divers problèmes affectant les groupes diesels ont eu lieu 
dans les centrales nucléaires belges, indépendamment du cons
tructeur des diesels ou des opérateurs^ En plus, aucun compo
sant particulier ne peut être mis en cause comme étant à la 
base des incidents. Les Incidents décrits ont été choisis soit 
pour leur importance pour la sûreté soit pour la longue durée 
de réparation. L * indisponibilité d'un diesel ne peut être 
détectée pue par des essais et contrôles périodiques. Combiné 
avec une bonne maintenance préventive, le risque d'incidents 
peut être réduit.
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Introduction

Belgium has seven nuclear power units in operation» two of the 
having been commissioned this year. All of them are pressurize 
water reactors. The capacity is 5450 M W e » covering roughly 
50 % of the installed power.

Table 1.

The four new plants have an emergency system in addition to 
and separated from the normal engineered safety features 
(E.S.F). This emergency system is located in a hardened 
building and is able to cope with external events such as 
aircraft crashes or gas cloud explosions.
Thus, in case of a loss of offsite power with complete destruc
tion or failure of all the ESF diesels, the emergency diesels 
will start and will power the emergency systems to maintain 
the plant in a safe condition.
Both the safety and the emergency systems consist of three 
trains of 50 X each, which are electrically and physically 
independent of each other.

The diesel generator potential for the different plants is as
follows :

- D o e l  1 and 2, which are twin units 
have 4 safety diesel generators of

- Doel 3 and 4 have each 3 safety D» 
emergency D.G's of about 2,2 MWe a 
power non safety related equipment

- Tihange 1 has 2 safety D.G's of ab
- Tihange 2 and 3 have each 3 safety 

emergency D.G's of about 2,2 MWe.
On each site there exists one more s 
as an installed reserve, and connect 
different units of the site (except

sharing some safety systems 
about 2 MWe each,

G's of about 5 MWe and 3 
nd 2 auxiliary D.G's to 
»
out 3,5 MWe,
D.G's of about 5 MWe and 3

afety D.G., to be considered 
able manually to the 
Doel 1 and 2).

Q.
 S



O p e r a t i n g  e x p e r i e n c e

Various problems have occurred on the D.G*s In the Belgian 
nuclear power plants» independently of the D.G. manufacturer 
or from the operating crew* Some of them will be described 
here. To understand some of them it must be noted that the 
diesel engines are provided with a prelubrication and a 
preheating system which starts automatically when the diesel 
engine is shutdown and which maintains adequate starting 
conditions. Some of the incldéntS were already treated in 1RS 
no 427.

1. At various occasions in 1983» at Doel 3 and Tlhange 2» the
D.G's of the emergency systems have tripped by overspeed 
during startup tests of the D.G. » well before the engine 
had reached its nominal speed*
Figure 1 shows a schematics of the oUerspeed protection
system.
The trip system is normally triggered by the differential 
pressure through a venturi E2, gué to the flow rate induced 
by the opening of valve V2 under overspeed conditions.
During normal operation or standby with prelubrication when 
a given oil pressure is maintained in the oil collector» the 
only flow rate through E2 is due to minor leaks through D 
and V 2 to the crankcsse» and Is insufficient to trigger the 
differential pressure Setpoint*

Moreover, when the D.G. is stopped without prelubrication, 
the relative levels of tank El and the rocker arms and over
speed system are such that A positive oil pressure is 
maintained on E2 and V2» which cSn cope with the leaks during 
several weeks; the venting of R1 takes place through the 
rocker arms IB, a check valve VI prevents the oil of leaking 
to the crankcase through the main lubrication circuit. 
Accordingly, no air can normally enter the overspeed protec
tion system.
However, after some maintenance operations, or due to the 
particular layout of the oil circuit, air may be emprisoned 
between E2 and V2. Then at thé D.G* startup, the rapid 
pressure rise compresses the air and induces a flow rate 
and consequently a differential pressure through E2, trigging 
the overspêed mechanism.
In Tihange 2, due to the élévation of the external oil heat 
exchanger (e.g. 2 m above the top of the engine)» air can 
accumulate in the highest part of the exchanger due to the 
natural degazing of the oil and due to accidental leakages 
into the circuit, for example at the pump packages.



12 -

When no venting is performed, this accumulation can go on 
and at a given moment during startup or shutdown, the pressure 
changes can be sufficient to carry away the air into the 
lubrication circuit. Due to the leaks, air can then reach 
the overspeed protection system.
To eliminate this problem, the manufacturier installed a 
venting line on the high point of the heat exchanger going to 
a point of the lubrication circuit beneath the minimum crank
case level.
Moreover, to protect the overspeed system completely against 
accidental air entries, the system was modified as shown 
in figure 2.

The lubrication of the rocker arms will be performed by an 
independent circuit.
The tank R2 will be continually vented and so the introduced 
air, accidental or due to the degazing, will be circulated 
to R1 •
The modifications were made at all the D.G.'s of the same type 
in Doel and in Tihange. With these systems Installed however, 
it is still necessary to desaerate the system carefully and 
regularly and especially after maintenance operations, otherw- 
wise
spurious overspeed trips can still occur like it was demons
trated on a few occasions after the modifications were made.

2. On 26. January 83, the plant of Tihange 1 was at full power 
and safety D6 no 2 was started for periodic testing. After 
12 minutes of functioning the engine was automatically 
shutdown on a low lubrication oil pressure signal.
The expertise report states that for one cylinder the 
big-end bearing was broken and jam appeared on the 
big-end, the piston and the crankpin. Some lead-tin 
layers were destroyed or damaged.
The damage would be due to one or more previous operations 
with overspeed which would have destroyed the PbSn layer 
and which resulted in overheating and deformation of the 
parts. This could be confirmed by the prints of the inlet 
and outlet valves on all the piston crowns.
The type of engine incriminated is also used in several 
French nuclear power plants and it was observed that the 
leadtin layers were frequently damaged and were warn faster 
then foreseen. This brought EDF to make an investigation on 
these layers, which showed that there was probably a diffe
rential migration of Pb and Sn throughout the layer indu
cing a softening of the layer. The resulting deformation 
can obstruct the lubrication holes from the connecting rods 
resulting in jamming of the piston.
The DG was returned to the manufacturor and as a preventive 
action, all the layers for this type of engines were repla
ced by others containing a Nickel layer preventing this 
phenomenon.
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3. On 21. March 1983, Doel 3 was at full power and safety D.G.l 
was running for periodic test, when an alarm "low oil pres
sure" appeared in the control room. The operators did not pay 
immediate attention to the alarm and the engine stopped 29 
minutes later probably due to a very low lubrication pressure. 
The damages observed on one cylinder could be explained as 
follows :
- due to a lack, of lubrication the big-end bearing has moved
- the lubrication hole of the connecting rod was obstructed
- jamming of the corresponding piston
- damage on an adjacent big-etid bearing
Some other anomalies were found but they remain unexplained :
- big-end bolts were found in the crankcase; they did not 

show any significant faults and moreover they had been seen 
in their correct location shortly before the event;

- the fall of some nuts from the rocker arm support has been 
discovered, the nuts were intact

- there was soot on all the piston heads but this was probably 
due to the rejection of the 4MW load before Shutdown of
the engine.

The lack of lubrication is d u e  to the loss of viscosity of 
the lubrication oil due to a dilution with fuel (3,3 X for 
oil which was replaced 16 monthf earlier).
The lnleakage of fuel in the oil happened through the 
clearances of the injection pumps when the motor was stopped 
and the oil pressure of 0,350 bar was Insufficient to compen
sate the static pressure of the fuel in the return line to 
the day tank (0,58 bar).
On the supply line there is no problem because at the 
shutdown of the engine the supply solenoid valves close 
automatically. Oil samples taken after the incident on the 
other D.G.'s of the same type revealed also the presence of 
fuel but in lesser concentrations.
As a corrective action a check valve was Installed on the 
return line of the fuel to the day tank and as a preventive 
action oil samples are regularly taken and analyzed.
During such a periodic check on the 8. January 85 fuel was 
found in the lubrication oil of D.G. 2 in Doel 3, probably 
due to leakage of the check valve. No damages occurred.
The other types op D.G.'s were also investigated but the 
return of the fuel does not go to the day tank but to the 
storage tank on a lower location.
During the time of repair, Doel 3 was shutdown in hot standby 
in respect with the technical specifications because the 
reserve D.G. was not completely operational at that time.
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4. On 22. April 83, Tihange 1 was at full power when a periodic 
test vas performed on D.G. 1. The D.G. refused three times 
to start on air injection in the cylinders, the fourth time 
it started with the pneumatic starter. After 3 minutes of 
no load functioning the engine was stopped when abnormal 
noices and vibrations were noticed. The damages observed 
were two broken cylinder liners, one broken piston, a damaged 
crankshaft, prints of the exhaust valves on the pistons, 
damaged or destroyed PbSn layers.
The origin seems to be an excessive air pressure in the 
cylinders due to a damaged air distributor which maintained 
the compressed air valve open for a longer time then 
necessary.
Starting with the air injection in the cylinders was made 
impossible but the pneumatic starter could overcome the 
excessive air pressure; it compressed the air to about twice 
the maximum allowed pressure. As a consequence the white- 
metal layers were destroyed and the bearings warped on the 
cylinders which were in their compression stroke, so the 
pistons could hit the exhaust valves. At the same time the 
lubrication holes were obstructed and together with the 
excessive pressure, the cylinder liners were broken. As 
only a little jamming is visible and the fracture is brittle, 
it can be concluded that there was a fast evolution of the 
incident which confirms the initial assumption. The prints 
of the exhaust valves in the pistons are also a consequence 
of the deformation of the bearing.
As a corrective action, the air distributor was modified 
and the test procedure changed to take into account inspec
tions to be made after a missed startup.

5. On 29. April 83, Doel 3 was at full power when maintenance 
work was decided on the instrument air system. Due to a 
mistake in the logging, the air was shut off on the air 
operated valves of the fire water spray systems of the D.G.'s. 
As these valves are from a "fail-open” concept, all the safety
D.G.'s and the auxiliary D.G.'s were sprayed together with 
some electrical panels. The spraying of the panels generated 
erroneous signals causing the scram of the reactor together 
with a safety injection. On the D.G.'s no damage occurred 
and after drying and controlling the alternator 
characteristics the D.G.'s were put into service again.
This incident shows a possible common mode failure, especially 
because the compressed air system for the fire protection 
was not safety related. In case of an external black-out 
the compressors w o n ’t be feeded and after a given time the 
D.G.'s would be sprayed and put out of service causing a 
station black-out.
In Doel 3 the system was modified and the valves are now 
hydraulically actuated by the fire water system itself.
In Doel 4 the pneumatic valves were replaced by electrical 
ones. In the other plants, the different lay-out makes such 
an incident impossible.
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6. On 16. April 84 during preoperational testing on D.G. 1 of 
Doel 4 and on 6. June 84 during a periodic test on D.G. 1 of 
Doel 3, water was found in one of the cylinders. In Doel

< 4 a low level alarm in the cooling water expansion tank,
led the operator to inspect the cylinders before a new 
startup, by opening the indicator cocks and so he discovered 
the water. In Doel 3 the leakage was discovered when trying 
to find the cause of the incident described next. It must 
be mentioned immediately that the cause of the next Incident 
has nothing to do with the water inleakage. The leakage 
happened through the bushings of the injector. No mechanical 
damage occurred but a potential for large damage exists.
The mounting procedures were revised but a final solution is 
still to be found.
Note that the same problem occurred at the Finnish plant of
T.V.O. 2 but on a different type of D.G. Here, 3 types of 
bushings, e.g. with O-ring, threaded and mangled were used. 
After investigation it was shown that the 0-ring bushing was 
the most problematic although minor leaks on the other types 
were also detected. Here too, the investigations into the 
problem have not yet been completed.

7. On the 6. June 84, Doel 3 was àfc full power and D.G;1 was 
out of service for revision. The deflection of the 
crankschaft was measured* like it is yearly done, and a value 
of 0,2 mm. was found. Further inspection revealed a visible 
crack on one crankshaft pin (figure 3). The crack was 
visible over about a quarter of the circumference and 70
mm deep and went to one of the lubrication holes. The crack 
is typical for a fatigue crack and it seemed to have started 
on a porosity in the metal at a location of high stress 
concentration. Although the Chemical analysis agreed with 
the” regulations, the nitrogen content was such that porosities 
in castings could appear. The forging method used afterwards 
was insufficient to eliminate thèse porosities.
The same manufacturing method was used for the crankschaft 
of the two other safety D . G . ’s Installed at Doel 3, but no 
cracks were found. The damaged crankshaft was replaced 
and the two others will be examined more frequently.
It must be noted that although the porosity was of great 
Importance for the crack initiation, an other important 
parameter was that the engine was the first of this type 
and was used for the various tunings of the engine, causing 
additional stresses.

8. On 9. January 85, with Tihange 1 at full power, during a 3- 
monthly routine inspection of the lubrication oil of D.G. 2, 
which analyses the oil on almost all the possible metal ele
ments, traces of aluminium were found (18,5 ppm). The inves
tigation showed on two cylinders molten packing rings, a moved 
big-end bearing, jamming of the piston and a warped combustion 
chamber.
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Moreover prints of the inlet and outlet valves were visible 
on the piston crown.
The damages seem to indicate that the origin is a lack of 
lubrication and a deformation of the bearing.
Referring to the description of incident no 2, a softening 
of the layer with an obstruction of the lubrication hole 
seems to be the most likely cause of the incident.
The liner, the piston and the connecting rod were replaced 
on the two cylinders and the cylinder head and the push bars 
of the rocking lever on one of them.
It must be noted that during the previous test nothing 
abnormal was identified.
This incident shows the benefits of routine preventive 
surveillance and inspection.

9. On 23. April 1985, Tihange 2 was at full power and for a 
periodic test D.G. 2 did not start. Upon investigation it 
appeared that the mechanical overspeed system, functioning 
with compressed air, had tripped so the engine could not 
start neither on a test signal nor on an emergency signal 
This unavailability was not signalled in the control room.
The cause of the tripping was the leakage of a 3-way valve 
on the compressed air system which put enough pressure on the 
overspeed rack to trip it. A low pressure alarm exists on 
the compressed air bottle but the automatically starting air 
compressors compensated for the small leak.
In Tihange 2 an alarm will be installed to warn the operators 
of this unavailability.

CONCLUSIONS.
The incidents reported here were chosen because of the importance 
for the safety or for the length of time of the unavailability. 
They did not influence the availability of the plant because 
the reserve D.G. was coupled In place of the damaged one during 
the time of repair.
The type of incidents are independent of the manufacturers or 
from the operating crew. Furthermore no individual part of 
the D.G, can be incriminated as being the main cause for the 
incidents.
This means that the unavailability of a D.G. can only be detected 
by periodic tests and controls. This must be combined with a 
good preventive maintenance program to reduce the risks of 
Incidents.



* As an example Che analysis of the lubtication oil can be cited.
Regularly samples of oil are tàkèn and analyzed to detect any 
foreign matter in it. Some years ago, Only Some important 

. parameters were verified btit nowadays almost every component
which could indicate some abnortdàl wear (ë.g. metals, water or 
fuel) is looked at.
Loss of lubrication capability was detected ift this way in Doel 
3 (fuel) and Tlhange 1 (water) before damage occurred. Also 
in Tihange 1 damage was limited On a D.G. when metal parts were 
found in the oil Circuit Which was followed by a thorough 
inspection of the engine.
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