CHAPTER 240

EMERGENCY SITUATION IN THE SHORELINE REACH OF AN
OFFSHORE OILFIELD PIPELINE AND REMEDIAL MEASURES

Jefferson V. Bandeira® Luiz C. Araijo? and Antonio B. do
Valle?

hbstract

This paper describes the critical situation expe
rienced in the northeast coast of Brazil by an oil and a
gas pipeline, in their shoreline reach,due to the growth
of a spit, and the remedial measures adopted, which a
voided an environmental and economical disaster.

Introduction

For the exploitation of the offshore gas and oil

fields of "Agulha" and "Ubarana", in the coast of Rio
Grande do lNorte State in Brazil (Fia. 1), PETRCBRAS, the
Brazilian Petroleum Company, has installed a group of

six steel pipelines linking the offshore to the mainland
facilities.

The region is a flat sand beach, with a mean
slope 1/1360 between 0 and -10m depth contour,in a coast
with an E-W alignment (Fig. 2) and subjected to the ac

tion of waves coming from the NE cguadrant and winds blog
ing from N to SE. The currents outside the breaker zone,
with velocities up to 0,5m/s, have a westward resultant

and are also influenced by the tide which is semi-diur
nal and has amplitudes ranging from 1.0 to 3.1m (INPH
1981) (Moreira et al. 1987). In conseqguence, there is a
westwards littoral drift which promotes the growth .of

spits in the region (Fig. 3).
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Figure 1. Situation Map
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Figure 2. Key Map (Guamaré Coast)
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a) the oil pipeline was in a situation dange
rously close to resonance conditions because: for a free
length of the order of 50m its natural frequency of vi
bration would coincide with the vortex frequency caused
by a current of 2.8knots (1.4m/s) flowing in its sur
roundings. Indeed, the extremities of the suspended poE
tion of the o0il pipeline had already presented deep fis
sures in the concrete lining:

b) the gas pipeline, lighter than the oil pipe
line and with a higher natural frequency would be in
resonance for a free length of 70m and then it was in a
situation of lesser risk than the oil pipeline.

The real free length of both pipelines were
greater than the measured ones, as the pipelines would
find effective support, only some metres inside the mar
gins of the channel.

Remedial Measures

In order to cope with this situation, three alter
natives were considered as remedial measures (Bandeira
1988) (Santos 1988):

I - burying the two pipelines deeper underneath the
eroded bed;
IT - holding the suspended portion of the pipelines by

means of piles until, due to the westwards displacement
of the spit extremity, the channel sections in the pipe
lines region might be naturally shoaled;

ITT - closing the tidal channel entrance by construction
of two sand dikes, the first (E dike) as near as possi
ble the region where the tidal waves, entering the chan
nel at both entrances meet each other, and the second (W
dike) in the western entrance, where the pipelines cross
the shoreline.

Considerations about the Remedial Measures

The first remedial measure considered was aban
doned due to the risks of rupture of the pipelines, dur
ing the process of burying, as they were already dange
rously stressed and submitted to the action of strong

crossing tidal currents.

The second one could avoid the imminent vortex
shedding by diminishing the free length of the pipelines,
but still the pipelines would be submitted to the strong
crossing tidal currents until the channel sections in
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Presently the mouth is situated about 1920m east
ern of the section of the W dike, and its migration to W
due to the unidirectional littoral drift is being moni
tored. In Figure 17,the contours of the two margins rela
tively to the MSL, are pictured for four surveys made in
the interval February - May 1990. Geometrical calcula
tions considering the portions of the shoreline contours
limited by horizontal lines passing by A and B (E side)
and C and D (W side), indicated an average rate of migra
tion of the mouth to W:

V = 10.5m/month (E side)
and
V = 24.9m/month (W side)
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Figure 17. Surveys in the New Western Entrance

Conservatively assuming the rate of migration to

W of the W side of the mouth as constant, in 1920/
(24.9%12) = 6.4 years the problem could happen again, un
less some preventive measures are taken, such as: to
bury the pipelines deeper underneath the level of the
eroded bed, before they are exposed to the strong cross
iné tidal currents again. In this way the spit can mi
grate freely, and it will not be necessary to construct
dikes and alter the tidal circulation in the mangrove
area.

The monitoring of the migration of the entrance
will be continued at four months interval.

A great deal of information on the features of
this unstable coast has been gained by the study of this
emergency situation.
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