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Applications
■■

High-resolution quantified imaging
– Boreholes with nonconductive fluids
and oil-base mud (OBM)
– Highly deviated and horizontal wells
– High- and low-resistivity formations
– Shale, carbonate, and clastic formations

■■

Sedimentology and sequence stratigraphy
– Deterministic or stochastic modeling
of reservoir bodies

Photorealistic core image

– Definition and characterization
of sedimentary bodies and
their boundaries
– Qualitative vertical profiles of grain size
and stacking pattern
– Paleotransport directions

Quanta Geo service’s ability to image both high- and lowresistivity formations with superb resolution delivers a true
visual representation of the formation geology, presented
as logs and as virtual core constructed with the Techlog*
wellbore software platform.
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■■

Structural analysis and modeling

■■

– 3D near-wellbore and interwell
structural modeling

– Layer delineation for high-resolution
deterministic petrophysical evaluation

– Structural cross sections

– Fast quantification of interval net-togross ratio and net pay

– Detection and determination of faults,
folds, and unconformities
– True, accurate structural dip in almost
any formation
■■

– Direct visualization of beds down
to millimeter scale
■■

Reservoir characterization workflow

Naturally fractured reservoir
characterization and modeling

– Direct visual or automatic textural
classification of facies and rock types

– Discrete fracture network (DFN) modeling

– Realistic population of reservoir bodies
with petrophysical parameters

– Direct visual quantification of fracture
orientation and density
■■

Thin-bed detection and evaluation

Secondary porosity evaluation in carbonate
and igneous reservoirs

■■

Complement to coring and formation tester
programs
– Depth matching and orientation for
whole cores
– Reservoir description for intervals
not cored
– Information about the reservoir before
core analysis is available
– Depth matching for sidewall core samples
and wireline formation testers

– Recognition of anisotropy, permeability
barriers, and permeability paths
■■

Geomechanics

– Direct visual identification of
macroporosity and nonporous nodules

– Determination of principal stress
directions

– Quantification of heterogeneity size
and frequency

– Calibration of mechanical earth model
(MEM)
– Mud-weight selection
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Benefits

Features

■■

■■

■■

■■

■■

■■

■■

■■

Confident decision making for complex
reservoirs on the basis of high-resolution
photorealistic images in OBM environments
that previously could not be clearly imaged
Realistic reservoir models incorporating
ground-truth control of reservoir body type
and orientation
Improved geologic interpretation from full
borehole coverage and optimized pad-toformation contact instead of approximating
to bridge data gaps
Greater operational efficiency from faster
logging speed, combinability with most
wireline services, and new downlogging
capability for reduced operational risk and
enhanced data assurance
More complete dataset delivered by
one-trip seamless imaging of both highand low-resistivity formations
Increased service reliability from new
electronics and rigorous qualification
Dependable operational performance
in HPHT and deepwater wells

■■

■■
■■

■■
■■

■■

■■

■■

Innovative sonde design enabling
downlogging as well as uplogging
Eight pads with 192 measuring
microelectrodes applying a new
measurement physics
Borehole coverage of 98% in 8-in hole
High vertical resolution (0.24 in) and
horizontal resolution (0.13 in)
Logging speed up to 3,600 ft/h
High-frequency operation with
phase-sensitive processing to correct
mud-standoff effects
Dual-axis pad tilting for better application
in rugose and poor hole conditions
Fully digital sensor design for reduced
system noise and the highest
measurement fidelity
Powered by the Techlog wellbore
software platform with a versatile
toolbox of tailored apps and customized
workflows for direct use in the Petrel*
E&P software platform

The innovative sonde design of Quanta Geo photorealistic reservoir
geology service enables logging down at speeds up to 3,600 ft/h while
achieving full circumferential coverage in 8-in boreholes.
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The reservoir in full geologic detail:
Measured by Schlumberger
The easy oil is gone.
As the complexity of
reservoirs continues
to increase, finding and
developing significant
resources involves
taking ever more
significant risks.

During the exploration and appraisal phases
of a project, successful geological evaluation
and field development planning require
realistic modeling of the subsurface reservoir
facies, far beyond the resolution and confidence of what can be interpreted from seismic
data alone. The industry-standard source for
high-resolution ground-truth information to
address complexity and to guide and constrain reservoir models is conventional core.

Conventional Static
Image
Image Orientation, º

Gamma Ray
N E S
0
gAPI 150 0 90 180

W
N
270 360

Depth,
ft

X,X74

Quanta Geo
Static Image
Image Orientation, º

N E S
0 90 180

W
N
270 360

The less expensive and more widely
used alternative to conventional coring
is logging high-definition microelectrical
formation images.
Nonconductive drilling fluid systems—
such as synthetic- or oil-base mud (OBM)—
have always posed a barrier to acquiring
photorealistic formation microresistivity
images equivalent to those routinely obtained
in water-base mud (WBM) drilling fluids.
Quanta Geo Dynamic Image
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Comparison of images from Quanta Geo service with
those from the industry’s leading OBM-adapted
imager, even expanded to twice the typical scale
in the pair of logs on the right, demonstrates the
new level of photorealistic full-circumferential
representation achievable.
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Compared with images in WBM environments
by the industry-leading FMI-HD* highdefinition formation microimager, images
acquired with the OBM-adapted tools that
have been developed over the past decade
lack both spatial resolution and circumferential coverage. Representational visualization
of the formation geology is further hindered
by artifacts arising from the complex physical
principles applied by the initial OBM-adapted
tools for imaging beyond the nonconductive
barrier imposed by OBM.
Quanta Geo photorealistic reservoir geology
service redefines geological imaging in
OBM environments, providing highly detailed,
core-like microresistivity images that truly
visually represent formation geology. By
applying a thoroughly new physics made
possible by a similarly innovative electronic
and mechanical design, Quanta Geo service
acquires images in OBM environments that
meet or exceed the image quality achievable
in equivalent WBM environments by the
industry’s most advanced WBM imager tools.
The photorealistic description of reservoir
geology does not stop at the acquisition
of beautiful images.

Visualization and interpretation of the images
acquired by Quanta Geo service are fully
powered by customized workflows and apps
in the Techlog wellbore software platform,
enabling geologists to readily perform tasks
such as identifying a channel and measuring
its orientation. Using Quanta Geo service
powered by the Techlog platform, deepwater
exploration teams now have the capability
to identify and correlate sedimentary facies
with precision and confidence that were
previously possible only with core.

Similarly, operators in unconventional
reservoirs can directly observe natural
fracture systems and measure their
orientation and density.
The geologic answers extracted from
images acquired by Quanta Geo service
are ready for direct use in the Petrel E&P
software platform. Reservoir model ready
data enables operators to realistically address
the modeling of interwell space within complex
reservoirs and confidently move forward with
development decisions.

Quanta Geo service delivers high-resolution
quantified imaging with seamless data
usability for greater certainty.

Next
generation
of wireline
services

Measured

by Schlumberger

Powered
by Techlog

Reservoir model

Ready
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Engineered to maximize quality
while minimizing risk and rig time
To answer the challenge of fully detailed,
photorealistic geological imaging in
wells drilled with OBM, our engineers
clearly understood that it would not be
good enough to merely improve upon
the existing OBM-adapted technology.
To address the operational limitations of
the previous generation and achieve full
circumferential coverage, a completely
new mechanical design was required.
To eliminate nonrepresentative image

artifacts and achieve higher resolution,
a new measurement physics with
simplified electrode geometry was
necessary. To efficiently and effectively
perform in difficult environments such
as the deepwater Gulf of Mexico, where
the mud can be up to 100,000 times more
electrically resistive than the formation
to be imaged, an unprecedented step
change in the electronics architecture
and signal processing was vital.

The completely new
physics enabled by the new
electronic and mechanical
design powers Quanta Geo
service’s acquisition of
photorealistic geological
images in OBM.

Quanta Geo service enables identifying and correlating deepwater sedimentary facies with precision and confidence
that was previously only possible with core.
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Unique downlogging capability
The innovative sonde design of Quanta Geo
service employs eight independent, interlaced
trapezoidal dual arms equipped with eight
imaging pads. Because the pads are not used
to center the tool, the tendency for stickance
is reduced.

More importantly, by acquiring primary data while logging downward, a new paradigm in
efficient operations is introduced: simply acquire data on the way to bottom—then pull out
of the hole and prepare the next operation. Quanta Geo service can be combined at the top
or bottom with other services, such as the Sonic Scanner* acoustic scanning platform. This
new mode of data acquisition saves time, provides enhanced data assurance, and reduces
exposure to all types of operational risk.

Quanta Geo service’s trapezoidal dual-arm
design enables imaging during both the down
and up passes. Downlogging reduces the
effect of stick-slip motion, which often occurs
during standard upward logging acquisition,
and thus reduces the potential for requiring
additional logging passes to record betterquality data.

The unique design of
Quanta Geo service enables
downlogging, which brings
multiple improvements to
wellsite operations.
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Independent application of the eight pads on dual articulated arms makes it possible to log during both the
descent and return to surface while avoiding image degradation from borehole irregularities.

High-quality data in challenging hole conditions
The eight arms of the sonde are fully
independent, and the pads are also designed
for independent movement in two directions.
The pads can swivel about their long axis
and can also change pitch angle, while the
trapezoidal dual-arm design applies equal
force to both ends of each pad. These new

design features enable Quanta Geo service to maintain very good pad application to the
borehole wall even in highly deviated wells and in poor hole conditions.
Concurrent with optimized pad application, the pad design minimizes the surface area in
contact with the borehole wall and the sonde does not depend on the force of its arms for
centralization. These features minimize stickance to further improve image quality while
reducing the risk of operational complications.
Classification

Independent arms
and swivel-jointed
pads maintain good
application in changing
wellbore profiles.
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Despite the severe spiral hole condition, the articulated arm design of Quanta Geo service kept the pads
in good contact with the formation, while the advanced physics and signal processing filtered most of
the remaining standoff effect to faithfully reproduce the detailed formation geology.
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All-new physics for imaging without barriers
Quanta Geo service’s physics of measurement are entirely new, but they have more
in common with WBM imagers than the
previous-generation OBM-adapted imagers
in that an AC voltage is applied between a
current return and the array of 192 microelectrodes, which are commonly referred
to as buttons. The resulting AC current
passes directly through each button—it is
this important characteristic shared with
WBM imagers that makes Quanta Geo
service equally sensitive to both vertical
and horizontal features. The geometry also
reduces the image sensitivity to shallow
artifacts such as desiccation cracks in
shales that can obscure formation geology.
Unlike WBM imagers, the current path is
very short because it is entirely contained
on the pad. Quanta Geo service operates in
the megahertz range, which is three orders

of magnitude higher than that of previous
imagers; the electrical impedance of the
OBM is proportionally reduced.
The measured signal at each button is
inversely proportional to the combined
impedance of both the formation and the
mud layer, and phase-sensitive signal
processing is applied to effectively
separate the mud and formation signals.
The effective electrical cross section
of each button measures only 0.24 in
vertically by 0.13 in horizontally. These
dimensions define the spatial resolution
of the image, although much smaller
features such as fractures may be imaged
where there is significant resistivity
contrast versus the background.

Electrical current flows from the button electrodes
through the borehole OBM and formation to the two
return electrodes of the tool.
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Measurement current
flow path

Quanta Geo service achieves high-definition imaging by applying 192 microelectrodes at high vertical and horizontal resolution.

Nonconductive mud

Return electrode
Guard electrode

Button electrodes
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Photorealistic images at high logging speed
Quanta Geo service’s measurement is
enabled by a new state-of-the-art downhole
electronic architecture that faithfully acquires
multiple signals from all 192 microelectrodes
at dense sample rates of 0.2 in and 0.1 in
while maintaining high logging speeds
of 3,600 ft/h and 1,800 ft/h, respectively.
The massive volume of more than 46,000
individual measurements per minute is made
possible by custom-engineered microchips
inside the pads, which are fully digital. This
design eliminates most of the systematic
noise, resulting in a measurement that is more
precise. Making the highest-fidelity images of
the formation is not only about making many
measurements with very small sensors; it
also requires the most sensitive and accurate
measurements possible to capture in full
detail the formations intersected by the well.
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Delivering all of this data to surface is a
critical link that should never be overlooked:
the wireline cable. Typical cable telemetry
systems in use in the industry today act
as bottlenecks, turning what could be an
otherwise efficient logging operation into an
exercise in slow motion. Having to settle for
logging speeds far less than 1,800 ft/h not
only equates to wasted rig time; experience
demonstrates that it is also synonymous
with increased stick-and-slip motion and
consequently degraded images and logs.
Schlumberger enhanced broadband
telemetry systems coupled with in-house
engineered cables facilitate the highest
telemetry rates in the industry—up to
10 times the uplink rate offered by other
systems in use today.
A protective sleeve is used during transit to cover
Quanta Geo service‘s fully digital pads and their
electrodes.

Dips determined from
Quanta Geo service’s images
in a single well or multiple
wells can be imported into
the Petrel platform to build
structural models of the
near-wellbore and interwell
space in the eXpandBG*
modeling plugin.
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A host of apps: Powered by the Techlog platform
to be reservoir model ready
Visualization and interpretation of Quanta Geo
service’s images are fully powered by the
Techlog wellbore software platform through
a wide range of microresistivity imaging apps.
The eight principal interpretation workflows
for Quanta Geo service in the Techlog
platform span an unrivaled range of
applications, from wellbore geomechanics
to structural geology to petrophysics.
For example, Sand Count uses the quantitative
invaded zone resistivity (Rxo ) image provided
by Inversion processing to generate cutoffbased high-resolution net-to-gross analysis
in thin-bedded reservoirs, which are common
to deepwater environments. The cutoffs
can be optionally calibrated against core
photos and extended to other wells. Output
electrofacies, bed thickness, and net to
gross can be used with other logs as input
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to automatically conduct Rock Type classification based on self-organizing maps. Textural
analysis capabilities such as Porosity Analysis
directly augment the Rock Type workflow by
documenting the natural visual texture present
in the photorealistic images.

are ready for direct use in the Petrel E&P
software platform. Model readiness facilitates
realistically addressing the modeling of
interwell space within complex reservoirs,
enabling operators to confidently move
forward with development decisions.

Each of Quanta Geo service’s apps produces
specific hard data to address key uncertainties
in the reservoir model. The geologic answers
extracted from Quanta Geo service’s images

Quanta Geo photorealistic reservoir geology service’s
accurate representation of formations in OBM
environments is the foundation of the truest possible
representation of reservoir geology.
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Visualization and interpretation performed using
the full suite of apps in the Techlog wellbore
software platform produces hard data from
Quanta Geo service’s images that improves the
accuracy of reservoir models in the Petrel E&P
platform for geologists to better address the
complexity of today’s reservoirs.

Structural
Modeling
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For example, formation tops, faults, and
structural dip interpreted from Quanta Geo
service’s images are imported to the Petrel
platform and appropriately weighted together
with seismic horizons to produce updated
surfaces for a local model update. For
dipping or structurally complex scenarios,
the eXpandBG near-wellbore to reservoirscale modeling plugin can be run to create
a structural model from dips measured by
Quanta Geo service that is more accurate
than seismic interpretation in the nearwell region.
Similarly, channel orientation measured from
Quanta Geo service’s images can be used
to drive the trend of the Petrel platform’s
adaptive channel modeling algorithm, while
facies identified in the images condition the
distribution of facies at the wellbore and their
proportions within the model.
Quanta Geo service’s images provide a photorealistic view of the ground truth, guiding E&P companies to build more
realistic models that enable more informed decision making.
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The Techlog platform’s 3D interpretation on the right shows varied and high-angle dips that resulted from alternating episodes of deposition in distributary channels
and mouth bars associated with a deltaic environment.
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Case Study

Integrating core and photorealistic images in the North Sea
to validate structural and sedimentological interpretation
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Quanta Geo Dynamic Image
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Circumferential scans of conventional core
in Track 1 demonstrate the photorealistic
character of Quanta Geo service’s images
in Track 2. Quanta Geo service’s images
bring significant advantages to geological
interpretation because they are precisely
oriented and cover a continuous 600-m
interval. Because the borehole is significantly
larger in diameter than the core, an additional
interpretive advantage is that the images enable
viewing a larger volume of the reservoir.
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A West of Shetlands operator drilled and
cored a well targeting a fractured and
faulted Upper Paleozoic clastic reservoir.
Photorealistic images from Quanta Geo
service were acquired along with data from
the UBI* ultrasonic borehole imager to aid
in identifying faults, characterizing natural
fracture networks, and mapping reservoir
architecture through better understanding
of the sedimentary processes.
Circumferential scanning of the conventional
core prior to slabbing facilitated a superb
comparison that validated the many structural
and sedimentary features observable in the
images, including fractures, faults, cementation streaks, laminations, crossbedding,
pebbles and cobbles, and truncations and
unconformities. Core and image integration enabled performing the core-based
interpretation in an oriented context, and the
correlated images made it possible to extend
the geological interpretation over the entire
600-m continuously logged interval.
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Case Study

Identifying facies, compiling net sand, and determining dip
in the deepwater Gulf of Mexico
A well accessing a deepwater slope system
had been drilled with OBM and a 97/8-in bit,
resulting in a hole larger than the standard
8-in size that OBM-adapted imagers are
designed for. Despite these challenges—
and the usual difficulties of low-resistivity
formations and high operational risk for
stickance in logging deepwater GOM
wells—high-resolution images were needed
to definitively identify the facies, conduct
net-to-gross analysis, and determine the
depositional architecture and orientation of
channels and other sand bodies intersected
by the well.
Quanta Geo service was run in the well in
combination with the Sonic Scanner platform
and images were acquired on both the down
and up passes. The downlog images were
of better quality because fewer and lesssignificant stick-and-slip events occurred.
Because the circumferential coverage of
the larger hole by Quanta Geo service was
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approximately 80%, Discovery 360 multipoint
statistic (MPS) processing was performed
in the Techlog platform to eliminate the gaps
between the pads.
The high-resolution images clearly depict
unconformities and faults, with the latter
causing changes in both the magnitude and
azimuth of the structural dips. Also well
imaged are numerous natural and drillinginduced factures. The occurrence of the
drilling-induced factures on the northeast and
southwest sides of the wellbore as en echelon
subvertical features indicates the current
orientation of the maximum horizontal stress,
as confirmed by analysis of the Sonic Scanner
platform’s logging data.
Slumped deposits can be differentiated in the
images at scales ranging from centimeters to
tens of meters. The abrupt changes in dip and
other internal features of the slumped sands
would not be discernable on conventional
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OBM-adapted images. The alignment of the slump
axes with the paleoslope strike substantiates the
overall direction of the depositional system as
indicated by identifiable features such as scour
surfaces in beds that have not been disrupted by
slumping. However, the slumps have a stratigraphic thickness that is less than half of their
apparent thickness, and with their delineation
made possible with Quanta Geo service’s images,
the operator can further investigate whether they
have retained connectivity with the net pay.
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Drilling-induced fractures are clearly visible
as linear or curvilinear subvertical features at
approximately N45E and S45W in the expandedscale dynamic image from Quanta Geo sevice in
Track 4. The well’s intersection of this channel
sand close to its axis makes many of the scour
features appear flattened, which would render
them unrecognizable on a conventional OBMadapted image. The dipping portion of a basal
scour interpreted at 31.3 ft suggests that the
axis of deposition is N20E–S20W. The scour is
filled by a 1-ft-thick lower-energy deposit. Scour
features identified higher in the section indicate
that paleotransport shifted to a NW–SE axis.
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Case Study

Determining reservoir quality and depositional environment
in a 12¼-in wellbore on the North West Shelf, Australia
An operator wanted to efficiently assess
reservoir quality and determine the
depositional environment of the Mungaroo
Formation in the North West Shelf through
textural, fabric, and sedimentological
analyses. Cutting conventional core would
be a lengthy and expensive operation whereas
sidewall coring would provide only scattered
data. Full-coverage borehole images were
the most efficient approach, but the well
was drilled with OBM and a large bit size.
Both of these conditions would severely
limit the imaging capability of conventional
OBM-adapted imagers.
Logging by Quanta Geo photorealistic
reservoir geology service provided 64%
coverage in the large 12¼-in borehole, which
is more than 3 times that of conventional OBM
imagers at 21% and more than sufficient to
image highly dipping events such as natural
fractures and faults.
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The eight independently applied pads all
returned highly detailed images despite the
challenging hole conditions. Discovery 360
MPS processing was run to populate the gap
and complete the picture. Acquiring the images
by downlogging provided comprehensive
information early in the logging program to
save rig time and additional runs.
The continuous, high-resolution images logged
over a 2,000-m interval with Quanta Geo service
revealed faults, cross bedding, indications of
soft sediment deformation, thickly bedded
shales, and highly laminated sandstones.
Facies were identified and correlated with
precision and confidence that were previously
only possible from core. The resulting formation
evaluation of the channel sands and highly
laminated sands supported an in-depth
understanding of their environment of
deposition and reservoir quality.
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Compared with conventional OBM-adapted images in Track 7, the high-resolution images acquired by Quanta Geo service in Track 2 deliver
3 times as much coverage. The Quanta Geo service images processed with the Discovery 360 app in Track 4 complete the picture by realistically
populating the image gaps in the 121/4-in borehole, resulting in a much clearer representation of the formation geology for accurately identifying
features and their orientation from the dip data in Track 5.
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Case Studies

Imaging core points and natural fractures in OBM 		
to guide Utica Shale completion
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An operator had collected 85 sidewall cores
from the Utica Shale for laboratory analysis
to support formation evaluation, stimulation
design, and reserves estimation. However,
without accurate locations for the core
points, the laboratory measurements could
not be matched to specific laminae and their
representativeness with respect to the bulk
reservoir properties remained unknown.

Quanta Geo service was run in the OBM
well to provide full-coverage photorealistic
images and dip data that faithfully represent
the formation geology. All 85 core points
were well imaged for evaluating their
analytical representativeness. In turn,
the core measurements were used to
calibrate the log interpretation powered
by the Techlog platform.

Images were also needed of the natural
fracture system in the Utica Shale, which
typically consists of subvertical, short
fractures. High-resolution images of the
fractures would provide precise orientation
to enable calculation of the opening pressure
required for interaction of the natural fracture
system with hydraulic fracturing.

Although only a few small fractures were
intersected by the vertical wellbore in the
target interval, Quanta Geo service captured
them in clear detail. Intense fracturing in the
overburden was similarly imaged with the
same orientation for correlation. For the first
time in the Utica Shale, it was easy to confirm
from the images that the dominant fracture
system is subvertical and striking NNE–SSW
at 80°–260°.
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Although only a few small fractures in the Utica Shale were intersected by the vertical wellbore, they were imaged in high resolution by Quanta Geo service, with
their orientation perfectly matching that of fractures in the overburden, as shown here. From these excellent-quality images and the 3D visualization created by the
Techlog wellbore software platform, it could be clearly determined for this slightly deviated hole section that the bedding is flat and the fracture system subvertical,
with precise measurement of the strike. The circular features on both the static and dynamic images are evidence that a sidewall core was cut at X,X98.6 ft.
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Images acquired with 		
Quanta Geo service clearly
identify the type, distribution,
and orientation of sand bodies
intersected by wellbores.
This information helps
to refine the geological
model and define the
field development
strategy.
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Quanta Geo

Specifications
Measurement
Output
Logging speed
Range of measurement

Resolution
Accuracy

Depth of investigation
Mud type or weight
limitations
Combinability
Special applications
Mechanical
Temperature rating
Pressure rating
Borehole size—min.
Borehole size—max.
Outside diameter
Length
Weight
Tension
Compression

Formation images and dip
0.2-in sampling: 3,600 ft/h [1,097 m/h]
0.1-in sampling: 1,800 ft/h [549 m/h]
Sampling rate: 0.1 in [0.25 cm]
Borehole coverage: 98% in 8-in [20.32-cm] borehole
Formation resistivity: 0.2–20,000 ohm.m
Vertical resolution: 0.24 in [6 mm]
Horizontal resolution: 0.13 in [3 mm]
Caliper: ±0.1 in [±0.26 cm]
Deviation: ±0.2°
Azimuth: ±2°
0.2 in [5 mm]
Nonconductive mud systems such as oil-base mud
Fully combinable, top and bottom
Downlogging and uplogging
Horizontal wells
350 degF [177 degC]
Standard: 25,000 psi [173 MPa]
High pressure: 30,000 psi [207 MPa]
7.5 in [19.05 cm]
17 in [43.18 cm]
Tool: 4.5 in [11.43 cm]
Arms section: 6.5 in [16.51 cm]
31.2 ft [9.5 m]
696 lbm [316 kg]
27,000 Ibf [122,300 N]
11,000 Ibf [48,900 N]
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