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Leak Rate Models and Leak Detection

Leak detection systems installed in NPP's are essential for the early detection of leaks

in the primary and connected systems from wall penetrating cracks or flanges and

seals and for the application of the break preclusion or Ibb concept.

Therefore a series of detection systems have been developed, e.g.

moisture condensation measurement, global, local, differential,

acoustic emission system,

measurement of the pressure in the containment,

activity measurement of the air in the reactor building,

water level measurements (e.g. sump height).

At least one system besides the regular visual inspection (walkdown) has to be real-

ized in German reactors.

During start-up, full power operation or shut down of a pressurized water reactor the

fluid in the primary reactor coolant system undergoes different system states, ranging

from cold to hot subcooled water. The amount of fluid streaming out through a wall

penetrating crack strongly depends on the fluid state, besides other relevant data as

leakage area, wall thickness, crack surface roughness, loading conditions like internal

pressure and opening or closing bending moment and at last corrosion products and

insulation which can reduce the leak rate.

Moreover, it depends from the fluid state by which type of leak detection system a

special leakage will be detected with the highest probability. For instance will a cold

water leakage rather be detected by a measurement of the height of water in the

sump or of the filling level in a vessel than by moisture measurement, because it is not

expected that such a leak changes significantly the humidity in the room, where it is

located. The place, where a leak is located in the reactor, is also of importance for the

time which is needed until a leak is detected. For instance a steam leak with a rate of

0.1 kg/s may be detected by humidity measurement within a few seconds in a small

compartment (100 m3) or within minutes or even hours in large compartments.
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The computer programs for the calculation of leak rates contain different models to

take into account the fluid state before its entrance iriio the crack. For a one-phase

flow (water or steam) a modified Bernoulli-model may be used, while for subcooled

water a two-phase flow in the crack may occur, which must be taken into account by a

suitable model.

The leak rate programs have to be verified by experiments. Most of them are per-

formed in laboratories using specimens as plates with artificial rectangular slit geome-

tries. Although this has the advantage of an exactly known leakage area, it is not a

real crack in a pipe. Neither the crack shape nor the crack surface nor a realistic load-

ing of the cracked pipe is simulated sufficiently in this case.

Besides this type of experiment a limited number of experiments on cracked pipe

components under operational conditions (temperature about 300 °C, internal pres-

sure and bending moment) were performed, mainly in USA, Japan and Germany. Al-

together the experiments show that the measurement of the crack opening (with

clip-gauges) is very difficult for the conditions prevailing and also the measurement of

very low (0,001 to 0,1 kg/s) or very high (for leakage areas of 0,1 to 1F) leak-rates.

The agreement between leak rate experiment and calculation for leak rates above

about 0.1 kg/s and for slit experiments is in general satisfactory, with deviations of less

than + 50 percent. In the case of leak rate experiments on real pipe components and

for very small leak rates resulting form narrow cracks (fatigue or sec) or from a closing

bending moment the agreement is generally not satisfactory.

Finally some further aspects of leak detection shall be mentioned. A loading which is

varying in time, for instance a transient bending moment with crack opening and clos-

ing regimes, may cause a delay in time, until the leak is detected. For instance a cyclic

thermal loaded system branch is thinkable in which a wall penetrating crack will be

closed by a closing bending moment in the hot subcooled fluid state and only opened

in the cold fluid state. By the way, especially small leaks are often detected by visual

inspection rather than by leak detection systems. In addition the insulation of the

pipes may be able to condensate small amounts of steam leakage and may cause

problems in detecting a leak early or in localizing it very precisely.
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