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INTRODUCTION

Tightnessis a fundamentalprerequisitefor many undergroundworkswhereminimumproductleakage is required.
Naturalgasis storedin depletedreservoirs or aquifers; LPG is storedin unlined galleries; andvarious hydro-
carbons, from hydrogenandnatural gasto crude oil, arestoredin salt caverns. Nuclearwasteareplanned to
be disposedof in deepgeological formations. Salt caverns arealsobeingconsideredasdisposal sitesfor non-
hazardouswastes(Veil et al., 1997) or tritiatedwaters(Bérestet al., 1997). Abandonedoil-production wells must
besealedefficiently to avoid latercirculationof fluids betweenlayersthatwereseparatedby imperviouslayersin
thenaturalconfiguration.

Theaim of tightnesshasno absolutenature, but, rather, depends uponspecificsensitivity of theenvironment
andtheeconomic context. Radionuclidesbecomeharmlessaftera certainperiod of time: providedtheprocessis
slow enough,penetrationof nuclidesinto therock massadjacent to thedisposalgalleriesmaynot impair storage
safety. Air, natural gas,butaneandpropane arenot poisonousfrom the perspective of underground-waterpro-
tection: the leakageof sufficiently dilutednatural gasinto undergroundwaterhasminor consequencesfor water
quality. Thiswouldnotapplyto otherproducts,suchascrude oil.

Fromtheviewpoint of ground-surfaceprotection, themostsignificantrisk is theaccumulation of flamablegas
nearthesurface.In thissituation,gasesthatareheavier thanair (propane,ethylene,propylene)aremoredangerous
thannatural gas.

Theeconomic viewpoint dependsbasicallyon thespeedof thestockrotation andthenatureof the products
stored.For example,whenstoringcompressedair to absorbdaily excesselectricpower, a lossof 1% perdaycan
be consideredasreasonable. Whenstoringoil for strategic reasons, (e.g.,oil which will be usedonly during a
crisis),a lossof 1%peryearis amaximumvalue.

In thispaper, wewill focusonthetightnessof saltcavernsusedfor storinghydrocarbons.Thepaperis divided
in five parts. Part 1 explains the main factorscontributing to the leakage(fluid pressure distribution, geological
environment andwell architecture),andatypicalaccidentis described. Thesecondpartconcernstightnesstesting;
a list of themainfactorscontributingto themisinterpretationof tightnesstestsis provided.In Part3, this is applied
to the“fuel-oil leaktest”andanexample of averyaccuratein-situtestis described. Part4 proposesamathematical
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theory for the “nitrogen leak test” and Part 5 describes an actual test aimed at validating this test method and the 
equations deduced in Part 4.
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