
 

 

1 INTRODUCTION 

The Farim Phosphate Project (FPP) is a proposed phosphate mine located in the central northern 
part of Guinea Bissau, West Africa, approximately 5 km west of the town of Farim, 25 km from 
the northern border with Senegal and 120 km northeast Bissau, the capital of Guinea-Bissau. The 
project consists of the construction, operation, and closure of a proposed open pit mining opera-
tion to exploit the Farim phosphate orebody, a process plant at the mine site to beneficiate the ore 
into a phosphate concentrate product, and an associated port facility to export the product. The 
port site is located in Punta Chugue, in the Geba river estuary, approximately 18 km east of Bissau 
and 75 km south of Farim. Beneficiated phosphate rock will be trucked from Farim to Punta 
Chugue via a newly constructed highway. The phosphate rock will be dried, stored, and direct 
loaded onto ships. 

A nearshore geotechnical investigation was conducted with the aim to support the final design 
of the marine facility at Punta Chugue. Field works were conducted from a 45 m length jack-up 
in a high-current area with water depth raging between 5 and 22 m and consisted of: 

• 11 rotary boreholes with continuous recovery including 197 SPT and 16 undisturbed 
samples with thin-walled tube. The total penetration ranged between 29 and nearly 55 
m below riverbed. 

• 2 Cone Penetration Tests (CPTu) up to 20 m including 8 dissipation tests. 
• 2 Full Wave Sonic (FWS) tests up to 33 m below riverbed. 
• In-situ strength tests with pocket penetrometer and pocket vane shear test. 
• Laboratory tests campaign on soil and rocky samples. 

This paper provides an overview of the geotechnical conditions in the project area. A compar-
ative analysis of the different tests, exploring various geotechnical properties through the appli-
cation of existing correlations is included. 

The jack-up positioned in Punta Chugue during field works is shown in Figure 1. 
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ABSTRACT: A nearshore geotechnical investigation was conducted at Ponta Chugue (Guinea-
Bissau) in the frame of the Farim Phosphate Project (FPP). The objective was to characterize the 
geotechnical conditions at the site and to provide a ground model for the design of the new marine 
facilities. The project area is located 18 km east of Bissau upstream river Geba, in a high-current 
area with water depths between 5 and 22 m. Field works were conducted from a 45 m length jack-
up and included: rotary boreholes with SPT and think-walled Shelby tubes, and CPTu with dissi-
pation tests. A laboratory campaign was also performed on soil and rocky samples. The investi-
gation depth ranged between 29 and 55 m below riverbed. This paper presents a comparison of 
the results from different types of tests in terms of undrained shear strength and friction angle. 
The most suitable correlations for the site-specific conditions are defined.  



 

 

 
 
Figure 1. Jack-up positioned in the Geba river in Punta Chugue during field works. 

2 GEOTECHNICAL OVERVIEW 

The geotechnical characterization of the encountered soils and rocks was based on both field and 
laboratory results. The geotechnical units were described, from top to bottom, as: 

• Riverbed: heterogenic mix of recent sediments mostly composed by medium plasticity 
clay and fine to medium sand. 

• Riverside: fine to medium sand only encountered in two boreholes close to the shore. 
• Clayey Silt: fine laminations of low to high plasticity silt and clay with fine to medium 

sand. This unit was formed by the strong changes in tides and currents on site. Centi-
metric to decimetric very dense sand layers interbedded within this unit. 

• Silty Sand: fine to medium sand with low to medium plasticity silt and clay. 
• Limestone: slightly to completely weathered fossiliferous limestone with sub horizon-

tal discontinuities filled with fine to coarse sand and marl. 
No significant variations in soil and rock conditions were observed within the survey area. The 

thickness of the geotechnical units remains nearly constant, especially in the longitudinal direc-
tion of the river, with some variations towards to the central axis of the river. All geotechnical 
units were identified in every borehole except the Riverside, which was encountered only in the 
boreholes closest to the shore. 

An extensive laboratory campaign was conducted on samples collected during field works. 
Disturbed samples were used for certain identification and classification tests while undisturbed 
samples from thin-walled Shelby tubes were employed to determine strength and deformational 
properties. An average value for some identification and classification tests is shown in Table 1. 

 
Table 1. Average values for identification and classification tests. 
__________________________________________________________________________________________________________ 

Property      Riverbed   Riverside   Clayey Silt   Silty Sand   Limestone* 
__________________________________________________________________________________________________________ 

Moisture (%)     22.9     22.1     25.8     27.0     25.2 
Bulk density (Mg/m3)  2.12        -      2.04        -         - 
Dry density (Mg/m3)  1.72        -      1.70        -         - 
LL (%)       41.0     21.0     43.7     35.1     50.0 
PL (%)       20.0     14.0     17.7     16.6     24.0 
Gravel content (%)   9.0     2.0     0.3     0.7     0.0 
Sand content (%)    39.0     80.8     14.7     73.0     45.4 
Silt content (%)    10.0     9.7     49.9     20.6     40.1 
Clay content (%)    42.0     7.5     35.1     5.7     14.5 __________________________________________________________________________________________________________ 

* Tests were done on completely weathered samples from the Limestone unit. 



 

 

Boreholes were strategically performed in key locations of the future port facilities. SPT were 
conducted every 1.5 m and were intercalated with undisturbed samples. Two CPTu were carried 
out: as a double point in DH-3 and towards the central axis of the river Geba. A geotechnical 
profile transversal to the river is shown in Figure 2 (top) showing all units encountered. A sum-
mary of some in-situ tests is also plotted: corrected SPT with depth (left) and the Soil Behaviour 
Type (SBT) proposed by Robertson (1990) derived from the CPTu (right). The Riverbed and 
Clayey Silt unit are represented. The refusal in the CPTu was registered in the top of the Silty 
Sand or in the sands interbedded in the Sandy Silt due to a high increase in cone resistance. 

 

 
 
Figure 2. Geotechnical profile from shore towards the central axis of the river Geba (top), SPT with depth 
for each geotechnical unit (left), SBT according to Robertson (1990) (right) 



 

 

3 CPTU, SPT AND LABORATORY COMPARISON 

The correlations used in this paper are based on an extensive database collected from different 
soils worldwide and are widely accepted by the industry. The comparison involves techniques 
that inherently differ significantly. Firstly, the CPTu enables the measurement of three primary 
parameters (cone resistance, sleeve friction and porewater pressure) at 1 cm intervals. The soil 
identification as well as the geotechnical parameters may be defined with high accuracy due to 
the test is considered as continuous. Secondly, the SPT yields a result every 45 cm (if no refusal 
occurs). Although tests were conducted at 1.5 m intervals and are thus considered as non-contin-
uous, the total number of tests allows a suitable soil study. Finally, laboratory tests were con-
ducted on selected undisturbed samples obtained from Shelby tubes, recovered with a variable 
frequency whenever the soil conditions were suitable. 

3.1 Cone factor 

The most common expression for the determination of the undrained shear strength by CPTu 
is detailed in Equation 1. 

 𝑆𝑢 = 𝑞𝑡−𝜎𝑣0𝑁𝑘𝑡                            (1) 

where Nkt = cone factor. 
The cone factor is related to the soil anisotropy, strain rate and soil disturbance. It is generally 

recommended to calibrate it with laboratory strength tests on high-quality samples or field vane 
tests. In this study, only four triaxial UU tests are available and they are not representative of the 
whole geotechnical unit. All tests were conducted within a narrow depth range between 3.3 and 
3.4 m below riverbed. Additionally, no VST were carried out. Therefore, the calibration of the 
cone factor could not be done through laboratory or field tests but using specific correlations from 
direct CPTu measurements. Different proposals have been published in the recent years consid-
ering different parameters of the test. A summary of the average Nkt value using some of these 
proposals is detailed in Table 2. 

 
Table 2. Cone factor analysis. 
____________________________________________________________________ 

Author        CPTu parameter*   Average Nkt  
____________________________________________________________________ 

Balachowski et al. (2018)    Fr        11.5 
Balachowski et al. (2018)    Ic        33.4 
Robertson (2012)      Fr        13.3 
Mayne & Peuchen (2018)    Bq       18.5 
Value considered              14.4 ____________________________________________________________________ 

* Fr = normalized friction ratio; Ic = soil behaviour type index; Bq = pore pressure ratio. 

3.2 Undrained shear strength 

The undrained shear strength was determined by CPTu, SPT and triaxial UU tests in the Clayey 
Silt unit. For CPTu, Equation 1 with a cone factor of 14.4 was used. Although the SPT is not the 
most preferred test for evaluating engineering properties of fine-grained soils, it might provide an 
estimation that allow the comparison with other tests such de CPTu, DMT or laboratory tests. 
Several authors proposed linear relationships between Su and the NSPT or N60, which follow the 
general structure detailed in Equation 2. 

 𝑆𝑢 = 𝑓1𝑁                           (2) 

where f1 = constant. According to Stroud (1974), this is dependent on Plasticity Index, PI. Other 
authors proposed a constant value. 

White et al. (2019) reviewed the correlation proposed by Stroud (1974) and suggested an in-
crease in f1 value between 25 and 35% due to the introduction of different SPT practice. Conse-
quently, a f1 of 6.8 was employed in this study, representing an increase of 35% compared to the 
f1 value proposed by Stroud (1974) for a fine-grained soil with PI=25. It was observed that the Su 



 

 

from SPT and CPTu correlated well within the first 10 m. However, below this depth, the increase 
in strength with depth observed by the CPTu was not mirrored in the SPT data. The approach 
proposed by Sowers (1979) for soils with medium plasticity was adopted from that depth onward. 
The results of this analysis are presented in Figure 3.  

 

 
 
Figure 3. Comparison between undrained shear strength from CPTu, SPT and laboratory tests in the Clayey 
Silt unit. 

 
A good correlation between SPT and CPTu data is observed. Between 0 and 10 m, the average 

Su values from CPTu and SPT are 145 kPa and 128 kPa, respectively. In the 10 to m depth range, 
the average Su from CPTu is 181 kPa, while from SPT it is 172 kPa. Although the SPT is less 
sensitive to thin variations in soil conditions, both tests successfully identified the presence of 
thin sandy layers interbedded within this unit. 

3.3 Friction angle 

There are several proposals to determine the friction angle from the SPT. Some of them are 
based on a large data base of different soil types while some others are site-specific and should 
be used with caution. In this paper, correlations proposed by Schmertmann (1975), Meyerhoff 
(1956), Muromachi (1974) and Puri et al. (2017) were used to estimate the friction angle for the 
Silty Sand unit. The results of each correlation were compared with five direct shear tests con-
ducted on undisturbed samples. The graphical comparison is shown in Figure 4. The average 
values are highlighted. 

There is a very good agreement between laboratory tests and the results using the correlations 
proposed by Meyerhoff (1956) and Puri et al. (2017). A difference less than 0.5º was obtained in 
both cases. Poorer results were obtained using the correlations proposed by Schmertmann (1975) 
and Muromachi (1974), with differences between 6.1 and 3.1º, respectively. The sample disturb-
ance was not included in this analysis. Moreover, the limited number of available direct shear 
should be also considered in the interpretation of these results. 

 



 

 

 
 
Figure 4. Comparison between friction angle from SPT using the proposal of four different authors and 
laboratory tests for the Silty Sand unit.  

4 CONCLUSIONS 

The undrained shear strength and friction angle values obtained from different correlations 
using CPTu and SPT data were compared with laboratory results. Results are generally consistent. 
Two correlations demonstrated an excellent agreement between SPT and direct shear tests, with 
a difference of less than 0.5º. On the other hand, two other correlations provided results with a 
difference between 8 and 17% with respect to laboratory outcomes.  

It is suggested to use diverse techniques to establish the geotechnical properties of the different 
units, integrating results from various in-situ tests with a comprehensive set of laboratory tests 
conducted on high-quality representative samples. 
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