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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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> Introduction to Giant Pre-salt Carbonate

Post-salt & Salt Challenges (stuck pipe, salt creep and loss of fluid)
Pre-salt Challenges (low rate penetration, abrasive rock and loss of fluid)

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.
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Oligocene
o Marambaia = Borehole instability and High torque and vibration during drilling.
G A = Difficulty to maintain the trajectory through the salt due to hard rock intercalations (igneous rock)
(@) =  Salt creep, and the risk of stuck pipe.
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Challenges: Vibrations, Salt Fluency and Stuck Pipe. Creep Control
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Salt Solutions — MSE (Mechanical Specific Energy)

. Potential performance

0
-
-
0

Drilling Parameters Energy Retro-Analysis

MSE ~ Input Energy - T
b-Analysis |E

Region lII: founder
* Bit balling

« Bottomhole balling .
« Vibrations Performance is

enhanced by
redesigning to extend
the founder point.

FP Extended

Output ROP

=
A No

e i Al decisions

: == ¥ I vere made
- t to energy
1 mitigation

MSE Input Energy: RPM, WOB and Torque

MSE - Drilling Optimization

Region II: Efficient bit
MSE — Salt Mobility (Creep control)

Region |: Inadequate depth of cut MSE - Lithology 1D

MSE — Geostop

(modified from Dupriest and Koederitz, 2005)

o~ = excess of
== energy

100000.0 $0000.0 0000 200 000000 20000 %0000 | 000 2400000 $00000.0
WoB RPM () AMSEa (pu) | S (CF2 Normakoed (ps))

00 2500000 000000

— ST Normalized (pal)

i
INRTH
£
[ [
I 1]

(From Lima et al., 2016)




DTc ustt) Yins psi)

Geomechanics
parameters

Gamma ray : 3 : mams Y ‘ A F
DTC (sonic) R 7 S ; — & ud { ui mazms
ucs o i _ 4 An;hydf.lte
Modulo Poison : : : it - 3 _ e -
Modulo Young — 3 S e e = ¢ ST

Anhydrite : - § ‘ &
Halite —_— . aius -

Carnallite

T.achyhydrite —] Bl E . : ) MI én edu g}
Limestone = ? i e - R
Igneous ¥ : FoCH ll FQOCkS ’

1
Silvite i : { } ¥

Cross Plot

DTC (sonic)
Gamma ray

BAT( Comp Simeness)
(uspr)
&
g
BAT Comp Soncss
AT Comp Skuaness

4000
oeo anoe  Ble0  non 7 18100 P00 4000 PTOO0 000

OO B0DD S0.00 12000 SO0 18000 2000 24000 27000 se0q 00 §000  B0O0 12000 18000 18000 Q00 24000 27000 3000C
GR [Combiy i
DGR (Cambned Gamira Ray) DGR Combined Gamma Ray
] (ap)




Challenges Salt: Different Models Challenges Post-Salt: Igneous Rocks

GR (API) GR (AP}

Anhydrite
Halite

Carnallite
Tachyhydrite

Limestone

Igneous
Silvite

Costa Correia, et al., 2019



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.

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
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Different Models of Salt
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Lithology

Igneous

Pre-Salt
Igneous

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.
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