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Introduction

Given the present energy 
needs, the oil and gas industry 
in Colombia has had the need 
to explore new fields for hy-
drocarbon exploitation. Cu- 
rrently, offshore exploration in 
the country is almost nil, and 
research has to be carried out 
on new deepwater beds that 
will allow to increase hydro-
carbon reserves and technolog-
ical development in the coun-
try. Several factors permit to 
decide on the selecting of the 
most appropriate platform for 
offshore drilling. These factors 
depend mainly on the geo-
graphical location of the well 
that will be drilled, and some 
of them are: seabed character-
istics, environmental condi-
tions, waves, ocean currents 
and depth of the water layer. 
Similarly, there are a great 
variety of marine platforms 
used for exploration, exploi- 

tation and production of hy-
drocarbon in offshore fields; 
the most used types being 
fixed (steel jacket, sea star and 
spar) or mobile ( jack-up, 
semi-submersible and drilling 
ship). This paper is limited to 
the study of the characteristics 
of the soil and oceanographic 
conditions for the correct posi-
tioning of self-elevating (jack-
up) platforms (Figure 1, left).

The jack-up rig used for 
exploration activities and 
drilling operations in waters 
depths of up to 180m are usu-
ally of rectangular or triangu-
lar shape and must be towed 
to the operating site. With the 
help of motors in each one of 
its legs, their height can be 
adjusted as needed, and they 
rest f irmly on the seabed 
(API, 2000; SNAME, 2002).

This research aims to descri- 
be the geophysical, geotechnical 
and oceanographic studies re-
quired of the areas where the 

proper positioning of the jack-up 
rig is to be carried out, and to 
identify shallow and oceano-
graphic geological risks that 
may represent unsafe conditions 
for people, environment and 
operation (Osbourne and Pais- 
ley, 2002). The information col-
lected in each of the studies, 
after further analysis, will deter-
mine soil characteristics and 
oceanographic conditions of the 
area. This will define the safest 
place for positioning the plat-
form and therefore mitigate 
risks of geological or geotechni-
cal origin that may endanger the 
infrastructure to be developed.

Methodology

Site survey analysis

Integration and analysis of 
the data acquired with the 
different instruments, will 
enable the generation of a real 
geological model of the sea- 

bed. This information will be 
useful enough to identify and 
map geological hazards that 
can represent unsafe condi-
tions during positioning of the 
platform and the drilling of 
the well. Afterwards, the best 
location where the jack-up rig 
will be positioned and thus 
ensure the overall safety of 
the structure will be selected 
(Figure 1, right).

It is necessary to generate 
inputs for the later phases of 
the analysis, such as images 
showing a view of the seabed 
and any object on it, seabed 
profiles, subsurface analysis, 
maps of geological r isks 
found in the study area, as 
well as a report with the cor-
respondent recommendations. 
This study may identify some 
geohazards from the seabed 
up to the first meters of sub-
surface (~500m), which could 
anticipate unsafe conditions 
for the platform (Table  I).

ties that are embedded in each of them were established. They 
will allow to study and to evaluate present conditions on and 
under the seabed, identifying the main risks that may repre-
sent unsafe conditions for the positioning and operation of the 
platform. Finally, the analysis of a particular case of a typi-
cal study in the Colombian Caribbean Sea is carried in a con-
ceptual manner; in this case a specific methodology is applied 
and the integration of the information obtained in each of the 
project stages results in the application of an evaluation and 
identification of the risks presented in the study area, so as to 
select the best place for the correct positioning of the platform.

SUMMARY

The positioning of offshore self-elevating (jack-up) type plat-
forms involves the development of a series of demanding ac-
tivities and processes. Among them are included the analysis 
of Geohazards that may be present above and below sea level, 
stability analysis and the historical oceanography study of the 
area of interest. The integration of this information will allow 
the selection of the best site for the positioning of the jack-up 
rig. The paper describes the methodology for the analysis of 
the stability in these type of platforms, which comprises the 
following stages: site survey analysis, geotechnical analysis 
and oceanographic analysis, in the same way as the activi-
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RESUMEN

tividades inmersas en cada etapa, las cuales permitirán estudiar 
y evaluar las condiciones presentes sobre y bajo el suelo mari-
no, identificando los principales riesgos que puedan representar 
condiciones inseguras para el posicionamiento y operación de 
la plataforma. Finalmente se realizó el análisis de manera con-
ceptual de un caso particular de estudio típico del Mar Caribe 
colombiano, mediante la aplicación de la metodología y la inte-
gración de la información obtenida en cada una de las etapas, 
permitiendo evaluar e identificar los riesgos que se encontraban 
presentes en el área de estudio, para seleccionar el mejor sitio 
para el correcto posicionamiento de la plataforma.

El posicionamiento de las plataformas de perforación offshore 
tipo auto-elevables (jack up) implica la realización de una serie 
de actividades y procesos; entre ellos, el análisis de amenazas 
que pueden estar presentes sobre y bajo el nivel del mar, aná-
lisis de estabilidad y análisis histórico de la oceanografía en el 
área de interés. La integración de esta información permitirá se-
leccionar el mejor sitio donde se posicionará la plataforma au-
to-elevable. El proyecto propone la metodología para el análisis 
de estabilidad de este tipo de plataformas, que contempla las 
siguientes etapas: análisis site survey, análisis geotécnico y aná-
lisis oceanográfico, de igual forma que se establecieron las ac-
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atividades imersas em cada etapa, as quais permitirão estudar 
e avaliar as condições presentes sobre e sob o solo marinho, 
identificando os principais riscos que possam representar con-
dições inseguras para o posicionamento e operação da plata-
forma.  Finalmente se realizou a análise de maneira conceitual 
de um caso particular de estudo típico do Mar Caribe colom-
biano, mediante a aplicação da metodologia e a integração da 
informação obtida em cada uma das etapas, permitindo ava-
liar e identificar os riscos que se encontravam presentes na 
área de estudo, para selecionar o melhor local para o correto 
posicionamento da plataforma.

O posicionamento das plataformas de perfuração offshore 
tipo auto-eleváveis (jack up) implica a realização de uma sé-
rie de atividades e processos; entre eles, a análise de ameaças 
que podem estar presentes acima e abaixo do nivel do mar, 
análise de estabilidade e análise histórica da oceanografia na 
área de interesse. A integração desta informação permitirá 
seleccionar o melhor local onde se posicionará a plataforma 
auto-elevável. O projeto propõe a metodologia para a análi-
se de estabilidade deste tipo de plataformas, que contempla 
as seguintes etapas: análisis site survey, análise geotécnica e 
análise oceanográfica, de igual forma que se estableceram as 

Figure 1. Jack up rig (left) and positioning stages of the self-lifting pla-
tform (right). Sources: Petroleum Support (2013) for the left, and Parra 
(2012) for the right.

Geotechnical analysis

This analysis is performed 
so as to know the types of 

sediments that form the soil of 
the area of interest, i.e. the 
geotechnical properties, com-
position and origin. Is nece- 

ssary to evaluate the behavior 
of the soil to be able to estab-
lish the load capacity of the 
seabed. The capacity to with-
stand the stresses associated 
with the weight of the plat-
form, the stresses generated 
during the drilling of the well 
and establishing the length of 
penetration of the jack-up rig’s 
legs at the bottom. This anal-
ysis should be done systemi-
cally, trying to cover the fol-
lowing aspects: 1) Study: of 
geotechnical information. 
2)  Acquisition of geotechnical 
information: Coordinates se-
lection for the drillings, exe-
cution of CPT (cone penetra-
tion test), laboratory analysis 
on board and processing of 
geotechnical information. 
3)  Interpretation of geotechni-
cal information: Geo techni-
cal character izat ion of the 

seabed, calculation of bearing 
capacity of the seabed (Figu- 
re 1, right), estimation of the 
depth of penetration of the 
jack-up legs.

Oceanographic analysis

Generally, a historical study 
of the site conditions is done 
to obtain more detailed and 
accurate information of the 
studied area. The information 
must be processed, analyzed 
and interpreted, in order to 
obtain the minimum and max-
imum values (daily, monthly 
and annual) of the different 
parameters to be measured. 
These permit the identification 
of dangerous weather seasons 
that occur in the study area 
and the necessity to act on the 
platform because of the winds 
and their direction.
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Results

Site survey

Bathymetry will help identify 
in a first instance the morphol-
ogy of the sea-bed and some of 
the geological hazards presents 
in the area. In Figure  2, the 
bathymetric map of the study 
area is shown. The topographic 
conditions of the seabed can be 
seen, as well as the clear de-
marcation of the zones corre-
sponding to the continental plat-
form, slope and abyssal f loor. 
The grayscale represents graph-
ically the respective depths in 
each area, where the light gray 
represents the shallowest area 
and the dark gray the deepest 
area, ranging from -37m to 
nearly -1000m. In the figure are 

also shown the theoretically 
calculated slopes in each of the 
areas but, then, different incli-
nations are really needed. A 
slope map that allows having a 
better understanding of the area 
is made (Figure 3, right). In this 
way, following the ranges 
shown in the figure, is how the 
areas with the highest probabil-
ity of landslide risk can be 
quantitatively established.

Given the above, the dark 
areas in Figure  3 (left) are re-
lated to areas of side slope, in 
which dissections of the 
sub-marine channels are found 
and that represent a high risk 
of slipping. On the other hand, 
at regional level, the platform 
area shows soft slopes where, 
under this provision, a platform 
could be located.

As mentioned in the meth-
odology section it is necessary 
to focus on the point of perfo-
ration, for which is necessary 
the acquisition of geophysical 
data of high resolution in an 
area of 3×3km around the 
well. using techniques, such as 
echo sounding, side scan sonar, 
and seismic ref lection. The 
acquisition of information is 
very important, since it allows 
a detailed analysis of a specific 
area, which for the present 
case covers 9km2 around the 
well location to be drilled and 
where the self-elevating plat-
form would be positioned ac-
cording to the parameters of 
the IOGP (2013) (Figure  3, 
right). The main objective of 
this study is to identify geo-
hazards present near the perfo-
ration site which may pose a 
risk to the operation, the envi-
ronment and human life.

High-resolution bathymetry 
allows detailing an area that is 
between 35 and 47m from the 
water table; is a shallow zone 

and confirms the operability of 
a jack-up type platform. 
Through the side scan sonar 
equipment the irregularities 
present on the surface of the 
seabed are revealed more clear-
ly, as shown in Figure 4. Elon- 
gated landforms ~4m long, like 
craters generated by shallow 
gas up to 30m., also called 
‘pockmarks’ can be clearly 
seen. Additionally, characteris-
tics and monticules typical of 
carbonate accumulations along 
the platform are also observed. 
These carbonates points can 
become favorable zones for 
sampling and for verification 
of gas presence.

Once the features on the 
surface have been established, 
it is vitally important to know 
and analyze the first few me-
ters of subsurface to this end, 
this the sub-bottom prof ile 
shows the evidences of possible 
gas. For our case, in Figure  5 
(left) is evidenced the probabil-
ity of having shallow gas that 
is found at depths of less than 
30m and that is ascending to-
wards the surface. Similarly, 
seismic evidences of feathers 
of gas present in the area are 
shown and many of them can 
be related to the possible car-
bonates and pockmarks previ-
ously identified. The effect of 
shallow gas is to generate high 
pressures that can affect oper-
ation and safety.

As a result of the study site 
survey, the zoning map is pre-
sented in Figure  5 (right). The 
map shows the different risks 
or geohazards that were inter-
preted both on the surface of 
the seabed and in the first 30 
to 50m below it, considering 

TABLE I
SOME GEOHAZARDS OF THE MARINE BOTTOM AND SUB-BOTTOM
Anthropic 
geohazards

Geohazards present in 
the marine bottom

Geohazards present under 
the marine bottom

-	 Active platforms, abandoned 
or sunken platforms

-	 Pipes on or under the seabed
-	 Electricity lines 
-	 Communication cables 
-	 Abandoned wellheads
-	 Shipwrecks
-	 Archaeological ruines 

-	 Topography
-	 Sediments
-	 Sands: Banks, mega dunes, lobes, etc…
-	 Clays: Sludge flows, volcanoes
-	 Fault scarps
-	 Expulsion of fluids: Pockmarks
-	 Unstable areas
-	 Active landslides
-	 Collapses
-	 Reefs

-	 Sedimentary sequences
-	 Shallow gas
-	 Gas fireplaces
-	 Shallow water flows
-	 High pressure areas
-	 Fillings of channels
-	 Gas hydrates
-	 Failures
-	 Erosion surfaces
-	 Intrusions

Source: IOGP (2013).

Figure  2. Bathymetric map - identification of submarine canyons and 
theoretical calculation of slopes.

Figure  3. Map of slopes from the study area and design of the acquisi-
tion grid of geophysical information.
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the following: 1) the area 
around the well site shows a 
low probability of landslides 
(slopes map), 2) water depth of 
40m in the well location, 3) 
areas with evidence of superfi-
cial gas, and 4) a great risk of 
f inding shallow gas at less 
than 30m deep. As shown in 
Figure 5 (right), the majority of 
the area presents risk of shal-
low gas, including the position 
of the well. Thus, it is recom-
mended to inform drilling en-
gineers to take mitigation mea-
sures or to change the well site 
on surface 200m SW, where 
there is no evidence of geohaz-
ards (white area).

Geotechnical analysis

It is important to note that 
sampling must be performed in 
the location for each one of the 
legs of the platform, just as it 
is important to define other 
coordinates (back up), for the 
case that during the sampling 

and processing of the informa-
tion from the in-situ testing, 
evidence of geological risk is 
found, or if the minimum bear-
ing capacity is not found 
(Brinch, 1970; Reardon, 1986; 
Fugro, 1987; DNV, 1992). 
According to the results ob-
tained by the CPT performed 
in-situ, a soil stratigraphy es-
tablished in one of the perfora-
tions is presented in Table  II.

It is also important to indi-
cate the dimensions for which 
the calculation of the spudcan 
penetration was performed 
(Figure  6). The area that will 
be in contact with the ground 
and that will be responsible for 
the transmission of forces can 
be determined from these di-
mensions (Young et  al., 1984; 
Goedemoed and Kolk, 1994; 
Kolk and Legein, 1994).

The analysis performed of 
the penetration at start and end 
of the spudcan, calculated with 
a minimum load of 45,4-MN 
(3,5 to 12,2m of startboard leg) 

and a maximum load of 69,4-
MN (20,3 to 22,9m of star-
board leg) per spudcan (Fugro, 
1990; Geer et  al., 2000) is 
summarized, as obtained with 
the penetration curve of the 
spudcan that can be observed 
in Figure 6 (right).

Oceanographic analysis

This analysis was performed 
based on oceanographic and 
meteorological information 
from the Colombian Caribbean 

Sea (CIOH, 2015). Bad weath-
er seasons for the development 
of the different studies were 
identif ied. According to the 
information recorded by the 
CIOH (2015), four climatic 
periods are evidenced in the 
site, as follows:

Dry season: (December to 
April). It is characterized by 
strong winds from the N-NE 
sector and by weak and scarce 
rain. During this time, the so 
called ‘swells’ may occur, 
caused by the incursion of polar 
fronts from the northern hemi-
sphere into the Caribbean Sea.

Rainy season: (April to No- 
vember). It is characterized by 
weak winds and heavy rains. 
At this time often occur the so 
called ‘tropical cyclones’ (hur-
ricanes), which can increase 
rainfall throughout the Colom- 
bian Caribbean.

Humid season: (August to 
November). The origin of the 
winds is better associated with 
the intertropical convergence 
zone than with the trade 
winds, reaching winds in di-
rection W-SW during this 
months with speeds generally 
ranging between 5 to 10 knots. 
This weakness of the winds is 
the reason that the wave height 
does not exceed 2,5m during 
this months in the northern 
Caribbean coast.
Transition season: (between the 
second for tnight of May to 
July). This season is character-
ized by weak winds of variable 
direction. During this period, 
the so-called ‘indian summer’ 
develops, characterized by the 
increase of room temperature, 
relative humidity, clear skies, 
increased solar brightness and, 
at the same time, scat tered 

Figure 4. Side scan sonar showing irregularities in the seabed (pockmarks and possible carbonates).

TABLE II
SOIL STRATIGRAPHY OF SEABED IN ONE 

OF THE PERFORATIONS SITES

Location Layer
Penetration (m)
From To Description

Starboard 
leg

I 0,0 3,0 Medium dense silty fine sand
II 3,0 5,5 Firm sandy lean clay
III 5,5 27,1 Firm to stiff clay
IV 27,1 33,8 Medium dense to dense silty 

fine sand
V 33,8 44,8 Stiff to very stiff clay

Figure 5. Evidences of gas presence and risk zoning in the study area.
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showers may occur. The graph 
for maximum wave height re-
corded by the CIOH in a peri-
od of one year is shown in 
Figure 7.

Once all geological r isks 
presented in the study area 
were analyzed, the areas where 
there is less likelihood of risks 
were established. That is how 
the f inal coordinates where 
geotechnical perforations 
should be conducted were de-
fined. It is important to high-
light that at the location of 
each of the legs of the platform 
sampling should be enhanced. 

Conclusions

The proposed methodology 
for the analysis of the stability 
of a platform establishes that 
the geotechnical study should 
start once the results obtained 

from the geophysics study have 
been finished and interpreted. 
The selection of the type of 
platform initially depends on 
the depth of the water layer in 
the study area. Self-elevating 
(jack-up) platforms can operate 
in water depths of up to 180m. 
With the geophysical study, it 
was determined that the sheet 
of water in the survey site 
ranges between -37.9 to 
-42,5m, which means that the 
use of this equipment is 
possible.

The forecast of the oceano-
graphic conditions is import-
ant for the development of 
offshore operations, because if 
they are not properly predict-
ed, a standby can be generat-
ed, which would mean an in-
crease in operating costs. The 
application of the methodolo- 
gy for the analysis of the 

different studies would ensure 
meeting the proposed objec-
tives, as this is part of one of 
the stages of a project going 
from a theoretical assumption 
that then leads to the technical 
implementation.

According to the zoning 
r isk map obtained with the 
geophysical information, it is 
established that where the well 
is to be located, the presence 
of shallow gas is evident, so it 
is recommended to move the 
well 200m to the SW, where 
there is no presence of gas. 
Pockmarks, carbonates, shal-
low gas and geological fail-
ures, were the main r isks 
identified in the study area, 
which represent very high risk 
conditions to position the plat-
form, so it is recommended to 
avoid these areas.
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