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NSSS OPERATING CHARACTERISTICS : EXPERIENCE OBTAINED 
FROM FESSENHEIK NUCLEAR POWER STATION START-UP 

The two 900 MWe units of the Fessenheim Nuclear Power Plant are the 
f i rs t of a series of 26 installations equipped with Framatome 3-loop 
PWR-type NSSS systems which are scheduled to enter into service in 
France by 1982. The tests carried out at Fessenheim represented the 
f i rs t of the series, and thus i t was important to provide the most 
complete tests possible. 

We shall examine here only the part of the operating tests which made 
i t possible to demonstrate the correct behaviour of these reactors 
under transient conditions and the adaptation of regulation systems 
required to meet the needs of a modern operation. 

Obviously, the big transients call upon al l the plant's equipment, 
and the problems to be solved concern the turbine generator set and 
the water plant as well as the reactor. However, we shall l imit our
selves to considering these tests only from the reactor manufacturer's 
point of view, since their success depends on the correct behaviour of 
the rest of the plant as much as on that of the reactor. 

Interest in the fine qualities of transient behaviour is stimulated 
by the fact that in the coming years, we shall experience a large and 
rapid increase in nuclear capacity, in Europe, and notably in France. 

As long as the number of power plants remains low, they can be operated 
as base load plants and wil l not offer any particular qualities with 
respect to f lex ib i l i ty in operation. However, this is no longer true 
when a certain capacity of installed power is reached. 

Taking into account the permanent necessary adjustment between the 
consumption and production of electricity, i t is indispensable for 
a producer of electricity to have a certain f lex ib i l i ty in production 
means at his disposal. 

Without going into details, let us say that this f lex ib i l i ty corresponds 
to two imperatives : 
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- an adaptation of production means to the daily consumption cycle, 
- a certain ability to free power in order to alleviate the incidents 

or defects which occur either on other production units or on the 
network itself. 

In addition to this, a concerted effort is being made to provide 
installations which, due to outside failures leading to the non
availability of power evacuation lines, do not switch off automatically 
but rather switch to reduced power house load operations, I.e. isolated 
fnw the outside network and operating at a power which 1s just suffi
cient to supply the auxiliary systems. 

General Viujncjjott oi Powcfr Control 

The reactor has two means of reactivity control : 
- control rods for short-term action and rapid power variation, 
- soluble poison - boron - for slow action - Xenon effect and fuel 

depletion compensation. 

The core is controlled by 48 full length rods distributed as 4 control 
groups and 2 shutdown groups. 

The control scheme is reactor following, one in which the turbine 
overrides the reactor. 

Requests for a change in load act directly on the turbine control valve 
and the reactor controls in turn regulate the power produced by the 
core from a power mismatch channel and the channel which controls the 
average temperature of the reactor coolant system. 

This scheme has the advantage of meeting the power requirements of the 
network and of providing an energy supply with a short response time. 

Teiti 

Hence, we have proceeded with a certain number of tests, at Fessenheim, 
to check the overall concept of the installation and the adjustments 
made on those control systems labelled as necessary for a transient 
behaviour to meet with criteria which we have established. 
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These may quickly be recalled below : 

- possibility of a rapid undertaking on a 10 % power requirement step, 

- possibility of varying the power by 5 % of full rated power per 
minute, 

- possibility of accepting total load rejection due to unavailability 
of network without calling for an emergency shutdown, 

- possibility of power modulation according to a daily program enabling 
adaptation of production to consumption. 

The tests carried out on both Fessenheim power units thus covered all 
transient conditions corresponding to the various types of operation. 
Each test was repeated several times at different power levels in 
order to adjust the control parameters of the installation until the 
installation had reached full rated power. 

The test results presented here are those carried out at full rated 
power. 

Pouse/i i>i.zp 

Both positive and negative power steps having an amplitude of ID % of 
the full rated power were tested over several power levels. 

Figure 2 illustrates the results of a test conducted between 87 and 
97 % of full rated power. 

The results of this test are quite interesting. It reveals an elec
trical power rise of approximately 70 % of the value of the step, i.e. 
about 55 HWe in 8 seconds, the 100 % being reached in less than 40 
seconds. 

This test enables verification of the aptitude of such an installation 
to supplying a considerable amount of energy rapidly, in case of diffi
culties occurring on the network, through the primary frequency 
adjustment. 
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Figure 3 shows the results of a power rise test. This power ramp is 
carried out between 50 and 100 % of the full rated power at an average 
speed of 5 t power per minute. 

The program for the power rise in terms of electrical power is fully 
respected. 

A slight shift in the temperature of the reactor coolant system is 
noted. This is due to adjustments linked to power mismatch ; this 
channel acting for rapid transients and the temperature adjustment 
channel having only a long term effect in this case. This leads to a 
slight reduction in the steam pressure, in the order of 3 bars for a 
few minutes. 

Load Jiaiv^Uon 

The PWR power plants built in France have the possibility of totally 
rejecting the load without emergency shutdown thanks to a high capa
city by-pass. 

A certain number of tests were conducted at 30, SO and 100 % of nominal 
power. 

Figure 4 illustrates the results of a test conducted at full power. No 
difficulties were encountered during these tests. 

Load toUtsw tut 

The test, the results of which are given in Figure 5, consists 1n 
modulating the power of the plant according to a pre-determined dally 
program. The program is designed to follow the daily consumption curve 
of electricity for the network as closely as possible. The test, which 
was conducted over 3 days, was carried out on a typical load profile 
known as 12.3.6.3 ; i.e. 12 hours at full power - 6 hours at 50 % 
power (with 3 hours to pass from one power level to the other). 
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This test served to check the behaviour of the reactor during conca

tenated transients, to experiment with the control procedures and to 

carry out measurements of both axial and radial power distribution. 

The mobile in-core instrumentation provided 26 core maps. 

On the third day, flux tilt tests were carried out by means ûf the 

control rod sets in order to check that the peak power factors 

remained within the predicted limits. 

Ctmc&is-ion 

This transient test program was conducted on the two units (except for 

the load follow test which involved only unit 1) and gave satisfactory 

and practically equivalent results. Over and above the demonstrated 

facts, these made it possible to carry out some improvements in de'ail, 

particularly on measurement instruments. They also furnished some va

luable lessons for the development of Framatome boilers in future 

projects, notably in verifying that the design computer codes were 

truly representative : hence the results confirmed by the tests. 
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FULL LOAD REJECTION 
(Fig. 4 ) 
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