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ABSTRACT

When drilling from a bottom supported structure. the best
procedurce for handling a threatened blowout from z shallow
gas formation is to diven the gas flow away from the suructure
and drilling personnci. Casc histarics were reviewed :n which
failures occurred during diverier opcrations duc (¢ crosion
causcd by sand production. A model divener Syslem was ¢on-
structed to evaluate this problem and provide informaiion that
can be used in the design of divenier sysiems. A number of
pipe fittings used at bends in diverter sysiems were experimen-
tally evaiuated. The effect of flow velocity, liquid conrient. and
sand cancentration were included in the study.

It was found that very rapid wear can occur at vclocitics
ncar sonic velocity. Wear raics of 8—in./hr were measured for
short radius "Ells.” The ratc of crosion was found 10 be about
twe orders of magnitude higher for gas/sand mixtures than for
liquid/sand mixtures. An equation was developed for predict-
ing the wear raic for various ficld conditions. Recommenda-
tions are given for improving the erosion resistance of divener
systems.

INTRODUCTION

Blowouts are among thc most dangerous hazards of off-
shore oil and gas exploration. When a well threatens to
blowout, the quick use of properly designed blowout preven-
tion cquipment is necessary to avoid harm to personnel and
loss of the drilling strucure. Well control is especially difficult
when a threatened blowout situation occurs at a shallow depth,
prior to setling surface casing in the well. Under these condi-
tions, closing the blowout preventers can lead to severe well
control complications. If the well is closed at the surface,
hydraulic fracturing is likely (o occur in an exposed shallow
formation tduc 10 the build-up of pressurc in the well. If one
or more fracturcs reach the surface. the resulting flow can
destroy the foundations of a bottom—supporied siructure
(Figure 1).

Tables and ilusiranons at end of paper.

Because of the difficultics in handling gas lows while drill-
ing ai shallow depths. considerable attention should be given to
preventing such flows when planning the well and when drill-
ing the shallow portion of ihe well. Scismic lechnigues and
data from nearby wells can somctimes bLe used to ideniify
potcntial shallow gas zones prior to drilling. These data can
also he used to csumate formation porc pressures and required
mud weights to safcly control the well through these zones. If
Incalized gas concenirations are detected by seismic analvsis,
hazards can sometimes be reduced when selecting the surface
well location.

Unfortunately, usc of existing technology docs not always
prevent the occurrence of shallow gas flows. Historical drilling
records since 1965 for the Quter Continental Shelf of the Gulf
of Mexico indicaie that shaliow gas flows have been cncoun-
tered approximately on 1 well out of cvery 900 drilled. Shal-
low gas blowouts have accounted for 25% of all blowouts ¢x-
perienced in this arca. Thus, conlingency plans must be
developed 1o address this possibility. Since 1975, a divener
sysicm has been required for rigs drilling on the Quter Con-
unental Shelf of the Gulf of Mexico. The function of the diver-
ter sysiem is to permit flow from the well 10 be direcied over-
board, away from the drilling personne! and rig structure. The
essential elements of a divenier system includes:

(1) a vent line for conducting the flow away from the
structure that is large enough 10 prevent a pressure
build—up in the well to values above the fracture
pressure.

(2) 2 means for closing the well annulus above the vent
line during diverter operations, and

(3) a means for closing the vent linc during normal drilling
operations.

There has been considerable uncertainty as lo the best pro-
cedure 1o follow when shaliow gas flows are expericnced.
Somc operators use a contingency plan which calls for a
volume of weighicd mud to be maintained and a dynamic well
kill procedure to be atempied as soon as the well is placed on
the diverier. However, a recent study [Koederitz ef. al., 1987)
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