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Abstract 

 
The deep-water project has been the focus of an extensive exploration campaign in four years ago; since one of the pre-salt 
exploratory block in Brazil located in the Santos Basin. The challenges in post-salt and salt was minimized with the used of suite 
from SDL (lithofact) where the cutting samples had a great performance identified mineralogy and elements, Gas Fact and 
Gamma spectral combined with LWD (Gamma rays, Resistivity, Sonic and resonance). The more valuable was X-Rays 
Diffraction (XRD) and X-Rays Fluorescence (XRF) from SLD and excellent solutions like MSE (Mechanical Specific Energy) 
that provide geostoping information (top the reservoir) and Creep Control for proactive MSE to avoid the salt fluency and 
reduce the risk stuck pipe. For the mechanical properties, it was necessary to generate the elastic properties for the salt column 
using the logs of the well drilled and calibrate them with the drilling events observed during the drilling. Information collected 
from the wells of different characteristics of the same basin to correlate them with the results of the geomechanical curves and 
drilling events. These results showed that it is possible to identify at least four different sectors in the same basin, each of which 
has different response to drilling complexity. For another hand, the reservoir rock presented low rate penetration due to hard and 
abrasive carbonate mixed rocks, severe loss of fluids by caves, cavern (Karst) that generated bad hole conditions (Washout) that 
complicate the evaluation and cementation stage, spending more time that planned. Geology knowledge is also an important tool 
to help predict potential drilling problems in the salt section and pre-salt. The previous experience in formation evaluation of the 
reservoir rocks in different sedimentary models like microbial platforms, complex build up and mixed platform with volcanic 
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influence; were used in many wells to corroborate all the results. The highlight of this new predictive risk model; should be 
applied to many other pre-salt fields in the Santos Basin. 
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Post-salt & Salt Challenges (stuck pipe, salt creep and loss of fluid) 
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Summary of Technologies for FE in Pre-Salt Carbonate  

The construction of predictive model to reductions in time and cost 

of the appraisal / exploratory well. 



The Giant Pre -Salt Province Brazil (Santos + Campos Basins)

(Modified from Moreira et al., 2007.)



Challenges: Post Salt, Salt Carbonate

(Rodriguez et al., 2018)

Post Salt & Salt Challenges
 Borehole instability and High torque and vibration during drilling.  
 Difficulty to maintain the trajectory through the salt due to hard rock intercalations (igneous rock) 
 Salt creep, and the risk of stuck pipe. 



Elemental Analysis XRF and Identification Minerals XRD

XRD XRF CHEMOGRML

Challenges: Post Salt, Salt and Pre Salt Carbonates



Challenges: Vibrations, Salt Fluency and Stuck Pipe. Creep Control
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(From Lima et al., 2016)

(From Lima et al., 2016)



 MSE – Drilling Optimization

 MSE – Salt Mobility (Creep control)

 MSE – Lithology ID

 MSE – Geostop

Salt Solutions – MSE (Mechanical Specific Energy)

(From Lima et al., 2016)

(modified from Dupriest and Koederitz, 2005)



Geomechanics
parameters

 Gamma ray
 DTC (sonic)
 UCS
 Modulo Poison
 Modulo Young

Cross Plot

 DTC (sonic)
 Gamma ray
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Challenges Salt: Different Models Challenges Post-Salt: Igneous Rocks 

Costa Correia, et al., 2019



Challenges: Post Salt- Salt Pre Salt Carbonates

Pre Salt Reservoir Challenges
 Low rate of penetration and hard and 

abrasive carbonate
 Silica and vuggy porosities and Igneous 

rocks intercalations
 Severe loss of fluids
 Natural and Tensile Fractures; Break-

out and Washout Cavern and caves 
(Karst)

 High CO2 and H2S
 Complicated cementation stage
 Complicated OH and CH FE   

Summary technologies)
(Excellent Solutions)Post Salt & Salt Challenges

 Borehole instability 
 High torque and vibration during 

drilling.  
 Difficulty to maintain the trajectory 

through the salt due to hard rock 
intercalations (igneous rock) 

 Salt creep, and the risk of stuck pipe. 

Reductions of well construction time and cost



Challenges: Post Salt, Salt and Pre Salt Carbonate

(Rodriguez et al., 2018)

Picture showed distal and proximal basin. (Gamboa et al., 2008. Chapter 16. 
Salt. Edts Mohriak, W.U., P. Szatmari, and S.M.C. Anjos

(Gamboa et al., 2008. Chapter 16. Salt. Edts Mohriak, W.U., P. Szatmari, and S.M.C. Anjos)



(Rodriguez et al., 2018)

Modified Gomez et al., 2012)

Modified from ANP 2019

Number of Wells Drilled Pre-Salt (more >200)

(Rodriguez et al., 2018)

(Rodriguez et al., 2018)



Salt Performance

Different Models of Salt 

Salt Solutions – MSE (Mechanical Specific Energy)
Vibrations, Salt Fluency and Stuck Pipe. Creep Control



Challenges: Number of Casing for Drilling (4C, 5C, 6C)

Post Salt & Salt Challenges
 Borehole instability and High torque and vibration during drilling.  
 Difficulty to maintain the trajectory through the salt due to hard rock intercalations (igneous rock) 
 Salt creep, and the risk of stuck pipe. 

Post-
Salt 

Pre-Salt 

Water 
depth 

(Edited of Rodriguez et al., 2017)
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From  (ANP 2019)

Post Salt, Salt and Pre-Salt  Challenges in Exploratory Well

Challenges: Number of Casing for Drilling (4C, 5C, 6C)



Diagenetic Process

Pre Salt Reservoir Challenges
 Low rate of penetration and 

hard and abrasive carbonate
 Silica and vuggy porosities 

and Igneous rocks 
intercalations

 Severe loss of fluids
 Natural and Tensile 

Fractures; Break-out and 
Washout Cavern and caves 
(Karst)

 High CO2 and H2S
 Complicated cementation 
 Complicated OH and CH FE   

Carbonate & Silica Mixed 

Viera de Lucas, et al., 2017



From  (ANP 2019)

Post Salt, Salt and Pre-Salt  Challenges in Exploratory Well

From  (ANP 2019)



From  (ANP 2019)

Post Salt, Salt and Pre-Salt  Challenges in Exploratory Well

From  (ANP 2019)



Post Salt, Salt and Pre-Salt  Challenges in Exploratory Well

Number of Wells Drilled Pre-Salt (more >200)

From  Milagre et al., 2018



Muito Obrigado!




