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Introduction

Internal arcing fault in an oil insulated transformer can lead to severe accident scenario escalation. A certain
amount of oil is decomposed into a saturated hydrocarbons gaseous mixture by means of a pyrolysis reaction; for
severe faults, this can induce the structural failure of the transformer tank (primary explosion scenario):
hydrocarbons mixture is violently released through the transformer tank breaches together with liquid oll; part of
the liquid oll is turned into mist, mixing with hydrocarbons mixture and air. Such an explosive atmosphere may
result in a very strong explosion if ignited (secondary explosion scenario).

For confined facilities, such as underground hydropower plants, the consequences of an explosion in terms of
human and material damages may become very severe if pressure venting is not suitably optimized, with respect
to both internal and external effects. Moreover, domino effect on subsequent fire scenario can be catastrophic.
Several events contribute Iin establishing a secondary explosion scenario, dealing with electrical, chemical,
physical and mechanical aspects; a comprehensive, multidisciplinary methodological approach is required in order
to properly estimate the potential of such scenario.

A methodology for Transformer Explosion probabilistic risk assessment was originally developed by Gexcon within
the research project SEBK [1], and recently improved by including a more accurate definition of the electrical fault
scenarios [2][3][4].
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Characterization of electrical internal fault

The first step In the probabilistic risk assessment methodology here proposed consists in the description of the
electrical fault scenarios, in terms of internal arc energy quantification and definition of associated frequencies. The
electric energy developed by an arc discharge is calculated according to the following expression:

tmax
Eoe = f (D), (¢) dt
0

Where I(t) Is the current time history flowing in the arc, va(t) is the arc voltage time history, tmax(t) is the total time
duration of the arc. The two time histories are calculated using asuitable equivalent circuit and according to the

electrical parameters of the system.
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Estimation of explosion effects by means of CFD analyses with FLACS

Within the proposed methodology, the effects of the secondary explosion scenarios are estimated by means of CFD analyses using
the numerical code FLACS [8] by Gexcon, an advanced CFD tool for gas dispersion and explosion modeling in complex process
areas. Once the geometrical model is developed, secondary explosion scenarios are defined in terms of gas mixture, gas cloud size
and position, and ignition position. Numerical CFD analyses are carried out with FLACS, simulating the flame and pressure wave
propagation for each considered secondary explosion scenario.
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