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1 INTRODUCTION

1.1 Uruguayan Regasification Project

In order to diversify the energy matrix of Uruguay 
the construction of GNL del Plata regasification ter-
minal will promote the supply of natural gas in the 
country using clean resources.

The infrastructure will consist of a breakwater to 
remove the interference of currents and waves, a sea 
pipeline, a land-based pipeline and a terminal locat-
ed on the breakwater itself, which will have 263,000
m³ capacity. The regasification project will also fea-
ture a permanent boat, containing gas with auxiliary 
port for smaller tankers, tugboats and supply ships. 
The heat source would be water from the Rio de la 
Plata. GNL del Plata will have a maximum capacity 
of 10Mm3/d and a stacking capacity of 263,000 m³. 
Vessels will carry about 170,000 m³ of GNL. The 
terminal will have a maximum capacity of 10 billion 
cubic meters of natural gas per day. The project will 
be connected to the pipeline Cruz del Sur. This one 
has a marine tranche, which will be placed under the 
ocean floor from the terminal to Punta Yeguas, and 
another on the ground. Except for two points, trans-
fer station and pressure regulating station, the pipe-
line will be buried completely.

Currently, the project implementation has stopped, 
in part, by some administrative reasons, what in-

cludes the terminal construction. In its entirety, the 
project will cost around US$ 1.3bn.

1.2 Project Location

The implementation of the project will take place in 
Rio de la Plata, more precisely in Punta Sayago in 
the capital Montevideo, Uruguay (Fig.1). Estuary 
created by the rivers Parana and Uruguay, the Rio de 
la Plata form on the Atlantic coast of South America 
a triangular shape of 290 kilometers long. Their 
combined watershed and its affluent are the rivers 
Lujan, Matanza, Samborombón and South Salado, 
has approximately 3.2 million square kilometers of 
surface.

The Rio de la Plata is physically divided into three 
geographical regions. Its inner zone, which starts
from Punta Gorda to Cologne line - La Plata, charac-
terized by a substrate of sand, silt and clay. An in-
termediate zone in the interval between the line Co-
logne - La Plata to Montevideo line – Punta Piedras, 
where it can be observed the marine influence by in-
creased importance of the tides. Already the outer 
zone, which starts on the line Montevideo – Punta 
Piedras to the outer boundary to meet the South At-
lantic Ocean, where the waters are already brackish, 
with a varied salinity. The shores of the Rio de la 
Plata have many variable characteristics. The Uru-
guayan coast belongs to the geological formation of 
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ABSTRACT: Regasification project in Uruguay has been required geotechnical investigation. CPT demanded 
complex apparatus because of the tides and currents in offshore works. A Break Water construction called for 
a geometrical and mechanical sand deposit analysis. Initially it was performed five CPT’s, then soil 
samples were taken by rotary drilling process. The top layer of the known points was between -6mCW to 
-9mCW of sand deposit allowing to estimate the depth of the test. The tests counted on an equipment and 
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dynamic inter-ference of water. Across the deposit layer the qc results were from 10MPa to 15MPa, reaching 
above 20MPa in the layers next to impenetrable. Impenetrable materials were extracted to prove the 
impenetrability of CPT. Interference of the site and location of equipment were limiting for obtaining the 
results, and their previous knowledge determined the period of performance and data integrity. 
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Figure 1. Project Location. Source: google.com/maps. 
 
the Massif of Brasilia, consisting of high coastlines 
and sandy beaches surrounded by dunes separated by 
rocky headlands. On the other hand, the Argentine 
coast, similar to sedimentary basin de la Pampa, the 
river is formed by plateaus of clay ranging between 
clay plains and marshy plains. 
 Over 57 million m³ of sediment coming from the 
northern provinces of Argentina and the states of 
southern Brazil are transported per year, and dragged 
to the estuary. The river channel is dominated by the 
presence of large banks with low depth which pre-
vents navigation off draft vessels, which should be 
done following several natural and artificial chan-
nels, many of which, such as the route that com-
municates Buenos Aires to Atlantic Ocean, need 
constant dredging to avoid the accumulation of sed-
iments and remain open navigation. 
 Uruguayan coast morphology is generally high, 
with sandy beaches, it comes from Martín García 
materials who are characterized by a river elevation 
of the canals and composed of gray-brown sediment, 
sand in the north, muddy sands and sandy sludge in 
the south. The main tributaries of the Uruguayan 
coast are the rivers San Juan, Rosario, Santa Lucía 
and Solís. The main ports in Rio de la Plata are Bue-
nos Aires, in the southwest, and Montevideo, north-
west. 

 
1.3 Geothecnical Tests for the Project 

Among the existing structures in this implementa-
tion of regasification terminal is called Break Water, 
which required a sensitive survey of geotechnical   
parameters in a constructive step. The structure, as 
showed in the Figure 2, is basically divided into 
three stages in its execution. Initially, a cleaning of 
muddy material present at the site was performed by 
a dredging vessel. The first stage consists of a sandy 
deposit of trapezoidal cross-section. Following the 
same way and with thinner thickness rock material is 
deposited as a reinforcement, and the third stage 
there will be an accretion of a layer made with 

 
 
Figure 2. Structure of Break Water. Source: The Authors. 

 
smaller structures of 3.0m³ made of precast rein-
forced concrete, called Accropodes. The latter has 
the function of conferring stability to the set of land-
fill under the liquid surface, which also delimits an 
area without interference of currents and waves. 
 In order to raise the geotechnical parameters, the 
first phase of work demanded Cone Penetration Test. 
The implementation plan of the in situ tests consist-
ed in the division of a dozen sections with many 
points in the body of the landfill structure, which 
were presented by a location plan, divided by execu-
tion priority as the stage of dredging and sand depo-
sition were advancing. Along with the location plan 
a sense of dredging and sand deposit format was 
given and the most important CPT points were in the 
center. The depths of the landfill were presented in a 
color scale in which red is the maximum depth of 
the landfill -20mCW and blue the top layer -6mCW 
(Fig.2). The unit of measurement adopted to these 
depths is called Meters Cero Warthon, an Uruguayan 
unit, which is the relationship between sea level to 
the local reading established. 
 An arrangement of equipment was designed and 
established to enable the acquisition of CPT data, 
which are the point of resistance (qc), friction (fs) and 
pore pressure (u2). Several constructive adaptations to 
the standard methodology were evaluated and added 
so that the data obtained were not compromised as 
required in the magnitude of the project. The tests 
acquired a mobile platform (Jack-up) capable of 
supporting the equipment involved, probes for the 
sounding and blocking layers of waste, and other 
auxiliary equipment distributed to a layout which fa-
cilitates workability and production. 
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 As the work was developed in aquatic environ-
ment, the natural interference of waves and currents 
and the local productive process created a big chal-
lenge for the acquisition of reliable data and its in-
tegrity. Although the acquisition has demanded 
longer time than the normal to CPT, it was possible 
to complete data from five different points before the 
work stoppage, which was given for some adminis-
trative reasons. The geotechnical tests to this project 
are presented and discussed in this paper. 
 
2 EQUIPMENT LAYOUT 

2.1 Equipment and range 

To acquire geotechnical information from CPT data 
for the Break Water construction, how to obtain the 
parameters in the landfill has been questioned. The 
main question was which method to use for the re-
quired depth in the project, and in this case was be-
yond 30m. Not only the blade of water depth of ap-
proximately 10m in this site, but also the 
development of a construction site able to meet the 
specific needs, in this case both were the difficulties 
of this work. This investigation used conventional 
equipment for land soundings, adapted to off-shore 
environment. Thus, the main concern was to main-
tain the stability of the boundary conditions so the 
dynamic test would not suffer any interference. The 
option was to use robust equipment for greater rang-
es, thereby avoiding the influence of the stresses 
produced by ocean currents and waves. 
 For drilling activity, it was used a mobile platform 
Jack-up (Fig.3) of North American origin, scaled to 
shallow designs. The shelf had a length of 90ft, 50ft 
beam and depth of 7ft. With a spud length of 80ft it 
was possible to reach a maximum depth of 
60ft.Positioned with aid of a trailer boat and GPS, 
Jack-up was able to keep in the river without inter-
ference from water and its drives, producing a static 
condition similar to investigations on land surfaces. 
A metal base grid format was replaced by the mod-
ule that formed the basis of the Jack-up, called 
Moon Pool allowed a punctual probe visibility and 
the vertical positioning of the sounding objects. The 
structure of the platform was able to withstand all 
the located equipment, being chosen by developing a 
layout design of equipment and analysis of the sta-
bility at loading. 
 The execution of geotechnical tests demanded two 
hydraulic probes, one for crimping and for installa-
tion of metal casing tubes in accordance with the ad-
vance of the depth test, the other was required for 
crimping the CPT equipment. Although there are 
probes capable of performing both process, the pro-

 
 
Figure 3. Mobile Platform (Jack-up). Source: The Authors. 
 
ject opted for economic viability, using both, since 
there was no negative interference in the production 
process. The rotating probe with engine powered 
diesel with 4 vacuumed cylinders and maximum 
power67CV and 2500 RPM, could move up to 300m 
deep, powered diesel with 4 vacuumed cylinders and 
maximum power 67CV and 2500 RPM, could move  
up to 300m deep, spiking was already strictly used 
for spiking of CPT equipment with competent power 
to beat the sandy soil deposit resistance to halt the 
test limits. As the CPT drilling probe has its own 
handling capacity, the places exchanges between the 
probe was facilitated during the tests. 
 The CPT probe of Swedish origin, are equipped 
with individual sensors for point resistance (qc), 
sleeve friction (fs), pore pressure (u2). The data meas-
ured by the sensors is digitized, multiplexed and en-
crypted with an error detecting code in the probe be-
fore it is forwarded to the transmitter or cable 
adapter for transmission to the surface. To back up 
the data transmission, the cones can also be deliv-
ered with a back-up memory of 8 hours’ capacity, 
with 18-bit resolution on all channels. In accordance 
with the probe calibration certificate, giving by the 
producer, the identification number is 3425 (Probe 
number), the ranges are point resistance of 50 MPa, 
lateral friction of 0.5MPa, area factor (b) of 0.014, 
pore pressure of 25MPa and tilt angle variable from 
0 to 40 degrees. This equipment meets the require-
ments of the tests, managing to reach the impenetra-
ble layers of soil. 

 
2.2 Loaded platform layout 

A layout of the equipment (Fig. 4), was designed 
thinking about the workability and loading of heavy 
equipment on the platform. In its distribution there 
were three maritime containers, two warehouses and 
one for dining and supporting materials to labor. 
They were leased symmetrically to the larger axis of 
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Figure 4. Equipment Layout. Source: The Authors. 
 
the jack-up two water reservoirs to aid in the block-
age of the holes and circulating water during rotary 
drilling, and the pumps for this process. The probes 
were located near the Moon Pool, for ease of ex-
change. In addition, collective protection equipment 
was installed, bathrooms, as well as access stairs to 
the platform and meeting point in case of emergency 
situations. In this location the weight of the equip-
ment and its eccentricity were taken into account to a 
uniform distribution of loads involved. Table 1 indi-
cates the located equipment and their weights. 
 
Table 1.  Equipment weights _______________________________________________ 
Description    Amount  Unit weight Total             __________ ______ 
            kg     kg _______________________________________________ 
 
Loaded Containers  3    3,250       7,500 
Pump      2    405       810 
WC       2    78     156  
Water Reservoir   2    5,000       10,000   
Rotating Probe   1    2,200       2,200 
CPT Probe     1    4,740       4,740 
Coatings and roads  1    1,680       1,680  
Total                27,086  ______________________________________________ 
*  The maximum load of each container to the platform of sta-
bility analysis was considered. 

 

3 METHODOLOGY AND RESULTS OF CPT 

3.1 Methodology of CPT 

CPT test is today one of the most important tools of 
geotechnical investigation, Schnaid, F. 2000 (ed.) 
Ensaios de Campo e suas aplicações à Engenharia de 
Fundações. São Paulo: Ofinia de Textos. Briefly the 
CPT test consists of slow static spiking of a mechan-
ical or electrical cone that stores in a computer data 
with 2.0cm/s of speed, what does that each meter 50 
lines of data are recorded. The cone allocated to this 
hydraulic pump is penetrated into the ground and its 
speed needs to be constant for data acquisition. The 
equipment, being hydraulic spikes the cone on the 

ground and acts as a press. After spiked it acquires 
the data automatically and the system itself captures 
the contents and makes the continuous recording of 
the same along the depth.  
 This method provides the point resistance (qc), the 
lateral friction resistance (fs) and the correlation be-
tween both (Rf measured in%) that enable identifica-
tion of the type of soil. Characterization and Identifi-
cation of Soil are one of the most important 
problems of soil mechanics, Melo, V.F.B.1953 (ed.) 
Mecânica dos Solos e Engenharia de Fundações. 
Revista de Engenharia Mackenzie. 
 According to ABNT NBR 12069: 1991 - Cone 
Penetration Test in situ (CPT), the cone tips can be 
mechanical or electrical. The electrical ferrule has 
one or more elements for measuring electrical within 
the tip of the penetration resistance components.  
Generally, it is necessary that the land has access 
conditions to receive the product. Within the team 
that accompanies this procedure it is necessary to 
have a geotechnical engineer. 
 In practice the implementation of the CPT tests in 
the first stage of the landfill construction was per-
formed by coating the hole with metal pipes, then 
CPT readings were taken from the depth coated till 
get the test limits, sometimes stopped for getting 
high point resistance (qc), on the other hand by the 
high tilt angle. That is, it was first located the plat-
form at the required point in your base distanced ap-
proximately 1.0m from the water level. The closer 
the top of the sand layer was to the Jack-Up surface 
(-6mCW to -9mCW), the less would be the dynamic 
water interference. CPT probe was also used to read 
the first layers, before coating the hole, and the test 
was finalized by standards recommendations. Be-
cause of the sand landfill compactness, it was neces-
sary to weld the probe in the surface, to anchor the 
machine. For the hole coating a HW diameter and 
50.0cm length liner pipes were installed one by one, 
this process granted that the unknown deposit layers 
were not dented or deformed by the drilling process. 
Once deformed, the CPT date should not be reliable 
and maintain its integrity was critical to the success. 
These procedures were alternated to the impenetra-
ble soil limit. Thus, it was possible to limit devia-
tions (Tilt Angle), so that the spiking ran vertically. 
 
3.2 CPT results 

Before the presentation of the results obtained in 
CPT tests is necessary to make a brief comment on 
the material used in the construction of the landfill. 
Some samples of the used sand were also analyzed 
in the laboratory of Delta Geotechnics Ltd. The 
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Figure 5. Arquimedes Bank Granulometry. Font: The Authors. 

 
visual and tactile aspects, as well its particle size 
were previously raised. 
 The sand, taken from Bank Archimedes in Rio de 
la Plata, presented color variations, them were in-
dentified as light gray, dark gray and dark brown 
gray. Continuous and open granulation and thick to 
medium granulometry. The material showed the 
presence of fine, medium and thick gravels and 
shells in its portion. Figure 5 shows the most com-
monly particle size found in the composition of bank 
loan. The sedimentation of higher density materials 
occurred as expected and small lenses of thick mate-
rial were hard to obstruct by the rotating probe and 
CPT. 
 With this prior knowledge of the particle size, five 
different penetration tests were executed. The aim of 
this paper is to present the results and the classifica-
tion of the material. It is known that the material in-
vestigated comes from a sedimentation process, in 
which over the years igneous and metamorphic rock 
became sedimentary rock. This process was given by 
the great waterways of the rivers, with the breaking 
of hard material on the impact of water. According 
to an abacus proposed by Robertson & Campanella, 
as this work treats of a sedimentary soil, the parame-
ter used is the friction ratio Rf (%). It identifies the 
profile widely variable stratigraphy, composed of 
strata of sand, clay and silt-clay in the sand layers, 
deposited material, the resistance (qc) has relatively 
high values, for a ratio of the order of 1%. Robert-
son, P. K. & Campanella, R.G. (1988). Guidelines 
for using the CPT, CPTU and DMT for geotechnical 
design. Re-port PA 87-023, Federal Highway Ad-
ministration, Washington. Equation 1 indicates how 
the frictional ratio is obtained (Rf%). 
 

qc

fs
Rf   (1) 

where Rf = friction ratio; qc = resistance; and  
fs = lateral friction. 

 
 

Figure 6. CPT data and interpretation. Source: The Authors. 
 
 The five CPT tests performed had a depth range of 
-33mCW to -7mCW, which included points in the 
middle of the landfill and its sides, with greater 
depth of approximately 40,00m from the deep of the 
test to the base of the Jack-up. In these penetration 
tests resistance (qc) gave a response in the range 5 to 
10MPa, which corresponds to higher resistance to 
soils. The lateral friction (fs) responded with a range 
of 25 to 50 kPa. The complete result of these CPT’s 

are showed in Figure 6, the value of friction ratio is 
expressed in percentage to the abacus analysis, 
(Fig.7), which each point of this cloud of points be-
longs to the sounding line of reading and the inter-
pretation. 

When the results are analyzed, it is very necessary 
to make some comparisons with the site information 
observed, which indicated the sensitivity of the op-
erator to continue or end the test. During the penetra-
tion resistance lenses were observed which reached 
20MPa home in a few depth advances. These lenses 
are explained by the sedimentation process, wherein 
after deposition of the granular material, those of 
higher density deposited first in the background. The 
strength gain intervals was justified by the steps of 
deposition, which were made on different days on 
the river. This fact was also confirmed after each 
CPT test, on the hole casing process, which demand-
ed more power from the rotating probe and longer 
time of maneuver. 
Although it is not important to consider the meas-
urement of pore pressure (u2) for the type of analysis 
adopted, these data were collected for testing. It has 
been observed that the distribution of pore pressure 
was quite linear and ascending as far as the penetra-
tion was reaching greater depths. In this case there 
was no significant presence of lenses that were con-
sidered important for the interpretation of the results, 
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Figure 7. Cloud points on Robertson & Campanella abacus. 
Source: The Authors, Robertson & Campanella (1983). 
 

except when the test came close to inscrutable lay-
ers. As the dredging of the previously existing mud-
dy material was not able to eliminate it completely, a 
small layer demonstrates a much higher porepressure 
gain than the previous distribution. The granulome-
try size of the landfill layer, sometimes continuous 
or open, shows that in the acquired data there is no 
differential pressure that can overcome the water 
pressure. The voids in the soil operate as if the cone 
was immersed only in water to this kind of data. 
 Analyzing the abacus proposed by Robertson & 
Campanella (1983) it is possible to visualize a cloud 
of points tending to be close to the classification that 
involves the sandy soils. Most points filled in the in-
terval lines demarcating as silty sands and silts, thus 
proving that the material had a coherent scatter at the 
time of deposition. This means that the examined 
points had not only been dredging of fine material 
and muddy, but also the deposition of the sandy lay-
er and the construction of the first stage of Break 
Water was completely done. 
 After the closing of the soundings by CPT method 
some attempts to extract samples of the impenetrable 
layer of soil were conducted. Even if the test indicat-
ed imperviousness, for example increasing the point 
resistance (qc) immediately after a thin layer of soft 
material, the sampled materials confirmed the good 
quality of the tests. A sampler and a diamond im-
pregnated crown, with NW diameter, was used for 
extraction. The material found was a sandstone sub-
strate, covered by a silty clay layer with fine, medi-
um and thick gravels and shells. 
 
4 CONCLUSIONS 

The application of geotechnical testing is of para-
mount importance to the lifting of information of a 
project. Major works have increasingly required ex-
ecution control through penetration tests. The analy-

sis of this equipment with the aim of investigation 
facilitates the viability of data acquisition of given 
location. 
 For the implementation of landfills in areas of wa-
ter it is extremely important to consider the history 
of the construction site, as well as knowing the na-
ture of the loan material. The previous study of these 
elements makes the decision and operation, reducing 
costs for the work and applying reliability to the fi-
nal product. For tests and equipment involved, the 
layout of the project and its distribution in platform 
leveraged the productivity since the machines were 
commonly used in surveys of land surfaces. This 
analysis promoted constructive adjustments needed 
to acquire reliable CPT data, which can economical-
ly viable projects of such magnitude. CPT are used 
results not only for the projection of future construc-
tion, but also for the project foundations, as well as 
to control the execution of a work quality. Tying the 
landfill information, the lending bank, dredging and 
sand deposition was possible to determine the level 
of safety of the construction. 
 The results showed that the material was deposit-
ed by settling of particles on the lower density over 
the higher. The process of dredging and the con-
struction of the landfill indicated that although it is 
known the loan material, to run it is impossible 
without influence of natural material, however small. 
This process causes very fine particles of soil are 
suspended in water for days, and that during con-
struction of the embankment they mix forming an 
unknown artificial material. 
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