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ABSTRACT 

The paper presents the experience of Hopkinson MSIVs over about 40 
reactor-years of operation at Fessenheim and Bugey units (900 MWe PWR). 
The various problems encountered including ageing effects on auxiliary 
equipments and increases in closure time are discussed. The corrective 
actions undertaken by the utility and the safety assessment of these 
events performed by the french safety authorities are also described. 

This study is the synthesis of an in-depth analysis of Main Steam 
Isolation Valves (MSIV) and their auxiliary circuits equipping the Bugey 
and Fessenheim 900 MWe PWR nuclear power plants. These valves are 
different from those installed in the other French 900 MWe PWR reactors. 

The purpose of this in-depth study was to evaluate the operation of these 
valves over the period 1977 to 1984 (40 reactor x years). 

This evaluation was made on the basis of incidents which occured during 
operation of the units or during the periodic tests, as well as anomalies 
discovered during maintenance operations. 

This analyse proved that the anomalies related to the design of the 
valves, as well as to their manufacture and installation, had been 
correctly dealt with. Furthermore, it should have also revealed potential 
anomalies due to ageing of the équipement. 

DESCRIPTION - OPERATION 

The MSIV in the Fessenhiem and Bugey power plants are manufactured by 
Hopkinson. These valves have 24-inch (61 cm) parallel gates which can shut 
off the steam flow in both directions. The purpose of 3tream isolation i3, 
during a steam line break, to reduce the quantity of energy drawn off frota 
the primary coolant circuit and released through the break. During normal 
operation, these valves are open (gates in the lowered poosition). 

They are also used to isolate the steam part of the reactor from the other 
parts of the secondary circuit during the reactor cooling or heating 
phases. 

Their control 3ystem comprises two distinct circuits : 

- A hydraulic circuit : used for normal operation of the valves. This 
circuit is used to open or close each valve in less than 2 minutes, 
provided that the upstream and downstream pressures are balanced. Thi3 
circuit does not participate in reactor protection and it3 design does 
not comply with the single-failure criterion. 
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- A pneumatic circuit : used for fast closure, manually controlled by the 
operator from the control room, or automatically controlled upon receipt 
of signals transmitted by the Reactor Protection System : 

. very high pressure within the ccntrainment, 

. high steam flow coinciding with very low average temperature of the 
primary coolant or low secondary system pressure. 

The pneumatic control circuit, for each valve is independent of that for 
each of the other valves, each of the circuits being supplied with 
compressed air via a 50 liter buffer tank designed to avoid untimely 
closure of the valve in the event of a loss of compressed air. These tanks 
provide autonomous operation for 2U hours. The pneumatic control circuit 
meets the single-failure criterion. 

INCIDENTS 

Various problems were encountered on the equipment, in particular : 

- pollution of the control oil, 
- leaks in the compressed air circuit, 
- seizing of the body-bonnet studs, 
- fast closure time anomalies, * 
- operating problems with the atmospheric venting valves, triggering fast 

closure. 

CONTROL OIL POLLUTION 

The main consequence of this problem of the pollution of the steam isola
tion valves control oil is the seizing of certain oil distribution valves. 
This seizing can disrupt the normal control of the MSIV, which has no 
safety implications but can also (as happened during an incident at Bugey 
on 2 June 1983) make fast closure of one or more steam isolation valves 
impossible, which is quite unacceptable. 

During the incident, the hydraulic by-pass valves which, when open, allow 
fast closure of the MSIV, were found to be seized closed. The subsequent 
investigation showed the presence of small particles in the control oil. 

Visual inspection of the oil tank showed a high level of oxidation on the 
cover. The percentage of water in the oil i3 in principle negligible. The 
"breathing" of the oil tank during the hydraulic tests, combined with the 
inefficiency of the dessicant (silicagel) placed on the vent, is probably 
the cause of this incident. Part of the piping connecting the tank to the 
servomotors, is aade of galvanized steel and its corrosion could explain 
the presence of copper and zinc particles in the oil. 
This anomaly could be attributed to a design defect (choice of materials). 
It nonetheless highlights an ageing phenomenon due to ferritic 3teel 
corrosion. 
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Following this incident, the Bugey operator replaced the old oil tank and 
part of the piping with stainless steel. Furthermore, during each refuel
ling shutdown of the unit, control oil purification is performed. These 
steps should solve the problem. It should be noted that no incident of the 
same type has occurred since then. 

LEAK FROM THE COMPRESSED AIH CIRCUIT -

Several incidents caused by losses of leaktightness on the MSIV control 
compressed air circuit occurred on the Fessenheim and 3ugey sites. These 
incidents lead to the untimely closure of a steam isolation valve thus 
causing a reactor scram as a result of a drop of the corresponding steam 
generator level, or safety injection by high steam flow and low steam 
pressure on the other two steam generators. 

Although the steam isolation function itself was not affected during these 
incidents, they constitute cases in which the Reactor Protection System, 
and in some cases some Emergency' Safety Feature are challenged. Further
more, the transient initiated by a loss of compressed air is restrictive 
both for the primary circuit and for the secondary circuit (loading of 
secondary piping and supports). 

The main origin of these incidets is the defectiveness of filters (at 
Fessenheim) or hoses (at Bugey). In addition, the check-valves which 
should enable the air pressure to be maintained in the circuits by uieans 
of buffer tanks are not leaktight and thus do not fulfill their duties. 
This confirms, were this necessary, the importance for safety of the 
compressed air auxiliary circuits which have not always benefited from the 
best designs. 

In order to cope with these problems, a new model of filter was installed 
in the Fessenheim plant. 

In addition, and in order to prevent the effects of ageing, the hoses are 
inspected during each refuelling shutdown and periodically replaced as a 
preventive measure (every 3 years). 

SEIZURE OF BODY-BONNET STUDS 

On 17 August 1931, during the annual inspection of valve VV? 01 VV in unit 
2 at 3ugey, it proved impossible to remove a nut and a stud from the body-
bonnet junction flange. Inadequate greasing of the attachment parts prior 
to assembly i3 probably the reason for this incident. The stud was 
extracted and replaced by à new one after drilling and tapping of the 
flange. 

Although seizure such as that encountered in unit 2 at 3ugey has not 
reoccured, the operators of 3ugey and Fessenheia often meet the first 
signs of seizure when these studs are removed during periodic inspection 
of the steam isolation valves (one valve inspected ?sr unit per year). The 
corrective action consists, in the majority of cases, in retapping of the 
valve body hole. Furthermore the periodicity of inspection has be^n 
doubled as ;:" unis year. 
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As this oporation cannot be repeated indefinitely without posing assembly 
strength problems, Electricité de France examined the possibility of 
tightening the studs by stretching. This process is at present applied. 

FAST CLOSURE TIME ANOMALY 

During the safety studies, the hypothesis taken for the time needed to 
isolate the steam lines in the event of a steam pipe fracture, is 10 
seconds : 

- 5 seconds for the control sequence (tine between the beginning of the 
transient and the closure signal). 

- 5 seconds for actual closure of the steam isolation valves. 

A3 regards the valve operation time, the 5 seconds are defined on the 
basis of accident hypothesis included in the safety report and in 
particular with a pressure of 15 bar in the steam piping with steam flow. 
A periodic test representative of these conditions not being possible, 
Electricité de France used tests performed on one unit to establish a 
correspondence with hot shutdown conditions. The fast closure test of the 
steam isolation valves during hot shutdown (steam pressure 70 bar, no 
steam flow) is acceptable if the valve operation time is no greater than 3 
seconds.. 

The fast closure periodic test performed in December 1979 revealed a 
closure time for a MSIV in unit 2 at Fessenheim of 10 seconds during the 
first test. The second test was satisfactory. 

The first reactions to this anomaly feared ageing or wear problems. A more 
in depth analysis showed up the dominant influence of the test conditions 
in the discovery of this design problem. 

Until 1980, this periodic test was performed after the annual refuelling 
outage during the hot shutdown stage of the startup phase. 

Since the incident which occurred in december 1979, this test is now also 
performed during hot shutdown before passage to cold shutdown for 
refuelling. 

The influence of the test conditions is as follows : 

- The test performed after a cold shutdown can be run without problem : 
the closure times are correct, 

- The tests performed before cold shutdown show up times longer than 3 
seconds in the first test ; the following tests are correct. 

Indeed, it is not impossible that this anomaly existed right from the 
first commissioning and the test conditions required to reveal it were not 
met until December 1979. 
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The various investigations carried out by the licensee to determine the 
origin of the problem provided evidence leading to the conclusion that the 
delay in the closure of the steam isolation valves is probably linked to 
the presence in the upper part of the steam cylinder of water not 
evacuated by the drainage system. However, in the light of current data, 
it is not yet possible to define the physical phenomenon, linked to the 
presence of water, which actually affects the closure time (damping, 
vaporization, ect...). 

At the request of the safety authorities, Electricité de France examined 
the influence of the fast closure time on the steam line break accident. 
This analysis showed that the design safety study encompasses sufficient 
margin to allow for a valve closure delay not exceeding 3,5 seconds (maxi
mum closure time 8,5 seconds in accident conditions). 

OPERATING.ANOMALIES WITH ATMOSPHERIC VENTING VALVES TRIGGERING FAST CLO
SURE. 

Numerous operating anomalies with the control solenoid valves were 
observed in both units at Fessenheim. These anomalies chiefly consisted in 
refusals to operate or delays in operation. 

The refusal of a solenoid valve to operate constitutes a loss of one of 
the two fast closure control channels of the steam isolation valve 
concerned. However, a survey of the various incidents shows that all the 
solenoid valves are concerned by this problem and that this is a potential 
common mode which could lead to a refusal to close by one of the Main 
valves. 

As an experiment, the operator replaced all the pneumatic servosystems on 
a valve of unit 2 at Fessenheim, with equipment of a different brand. 

After testing, this modification was extended to all the Fessenheim power 
plant valves. 

CONCLUSION 

As stated in the introduction, the purpose of this study was to evaluate 
the operation of the main steam isolation valves and the associated auxi
liary circuits equipping the ?WR reactors in the Fessenheim and 3ugey 
power plants. 

This exercise proved that a large number of anomalies, with varying 
degrees of importance from the steam isolation safety point of view, has 
arisen and that solutions have been found to solve these problems as and 
when they occured. At present the operation of these valves is satisfac
tory. 

Apart from the census aspect of the various improvements made, it seemed a 
good idea to attempt to show up the defects which could be attributed zo 
equipment ageing, using the operating experience acquired on this 
equipment ' ^0 reactor /. years spread over 5 units). 
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This research showed that none of the problems encountered with the 3team 
isolation function could be attribbuted without doubt to ageing. 

In view of the age of the various installations, this study showed that 
the anomalies due to design errors appeared in the first years of 
operation and that we are now at a stage where the borderline between 
design defect and ageing problem is somewhat delicate and requires a 
detailed case by case analysis. 

This study also showed that an incident analysis must not simply concern 
itself with the equipment aspect, but must also take account of all 
changes in the operating conditions which occurred previously and which 
might be likely to influence the behaviour of the equipment. 
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