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Technical geosteering finds the sweet spot

Technical geosteering is a numerical
tool that augments other data sources
to help the operator interpret where the
well bore s stratigraphically located.
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eosteering — estimatng well
G path position within the suan-

graphic setting and occasionally
changing the remaining planned path
accordingly — has traditonally for
smaller companies been a niche practice
often handled entirely onsite. However.
more offsite oversight is becoming the
norm because 1) accelerated production
of reserves increasingly relies on correct
stratigraphic placement of the lateral: 2)
the logistics of onsite-to-office data mans-
fer are simple with modern communica-
tions; and 3) technical geosteering
software is available that when correctly
applied enables a quantum leap of inter-
pretation confidence compared to legacy
geosteering methods.

Technical geosteering

Technical geosteering is 2 computational
signakmapping task. Timely and depth-
accurate logging while drilling formaton
evaluation (LWDFE) datz is mansformed
— using a geometric location estimate of
a marker bed — to plot on a representa-
tive stratigraphic type log. An acceptable
“fit” suggests a good estimate of the
marker bed location.

Gamma ray

The most common IWDFE measure-
ment applied to technical geosteering is
omnidirectional gamma ray because of
its relatively insensitive signal response o
varying pore fluids. rock porosity. rock
permeability, and circumferental bore-
hole quality. Another favorable gamma
ray attribute is a short depth of investiga-
tion (e.g., 4 to 6 in.). With less rock
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Figure 1. Landing a horizontal well using technical geosteering. Gamma ray readings
recorded at measured depth are mapped on to a stratigraphic type log based on calibrat-
ing 3DStratBlocks that represent the location of the payzone. Satisfactory mapping
means a valid estimation of its location. (Graphics courtesy of Stoner Engineering LLC)

“seen” by the tool there is less chance for
signal complication.

In oil and gas geosteering applications
the measured depth (MD) frequency of
gamma ray data is typically 0.5 or 1 ft,
which enables fault-crossing recognition.
Some operations rely on focused gamma
ray measurements (e.g., borehole high
side and low side readings) to either out-
right drive technical geosteering or to
augment interpretations relying prima-
rily on omnidirectional gamma ray meas-
urements.

3-D curved world

What complicates the software engine of
technical geosteering is addressing the
fact that both the well path (known loca-
don) and the payzone (unknown loca-
ton) simultaneously change and curve
in 3-D space. A 2-D technical geosteering
analysis — one based on vertical section
for example — inherently suppresses res-
olution and introduces distortion, espe-
cially with 3-D wells and or 2-D wells with
thin payzones.

3-D technical geosteering

In 2006, Stoner Engineering LLC devel-
oped a 3-D technical geosteering method-
ology that eliminates the shortcomings
of 2-D analysis. Two new geologic terms
resulted from this work: 3DStratBlock
(3DSB) and relative stratigraphic depth
(RSD).

A 3DStratBlock is a planar surface that
mathematically represents the 3-D loca-
tion of a geologic marker — usually the
top of the payzone. The target well path
is at some offset distance parallel to this
marker. A 3DSB is defined with a true
dip, a true dip direction azimuth, map
coordinates corresponding to a meas-
ured depth (MD) along the actual well
path, and a control point true vertical
depth (TVD).

Relative stratigraphic depth is simply a
stratigraphic distance relative to an “arbi-
trary” reference point (i.e., the marker).
With respect to gamma and MD data
from a logged vertical offset well or pilot
hole, with horizontal beds, stratigraphic
depth can simply be MD. With respect to
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Stratigraphic depth and gamma data,

along with a reference depth designa-

s WELLPATH tion,. produce a RSD type log. :
With respect to a 3DSB however, RSD is

calculated and is the minimum 3D dis-

tance from a respective coordinate — at

[ an MD along the well bore from where

ﬁ gamma data was recorded — to the plane

. s that is the top of the 3DSB. The parame-

5 ters that define the 3DSB are calibrated

‘ Figure 2. A landing-derived type log allows for signal shape and magnitude to help with  to produce an acceptable mapping of
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3DStratBlock calibration. A small fault is evidenced at the start of the leading edge gamma data on to the type log. When
3DStratBlock and the well bore briefly exits the base of the pay zone shortly thereafter. deviation becomes unacceptable, a new
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3DSB is started because in most cases the
payzone has curved and or faulted.

3DSB calibration

The most common 3DSB parameters 0
calibrate are the true dip and the MD
range over which the respective 3DSB
applies. After initial setup. control point
TVD only needs adjustment when a fault
is interpreted since continuitv from the
prior 3DSB otherwise makes sense. True
dip direction azimuth is calibrated on
the landing to produce maximum signal
expansion (“stretch”) or maximum sic-
nal compression (“squeeze”). and there-
after remains constant untl a mansient
dip-direction reversal is evidenced. When
a transient dip-direction reversal is evi-
denced, which almost alwass occurs mul-
tiple times along a horizontal well. the
true dip direction azimuth is simplv
“flipped” 180".

Thus, a 3DSB is a 3-D planar location
estimate of the beds being drilled. As
long as the actual geologic stucture is
planar, the gamma data will map — as
calibrated via the 3DSB — on o the ope
log with minimal/acceptable deviation
and therefore produces a good esamate
of well path position within the soat-
graphic setting, even though the well
bore always is curving in a varied fashion.
The 3DSB/RSD concept produces a spa-
tially dynamic coordinate system inher-
ent to the stratigraphic target.

Pilot hole — optional!

If the type log “shape” is very persistent
and if regional true dips are low. often
there is no need to drill a pilot hole pre-
ceding the main lateral because during
the landing, technical geosteering pro-
duces constant feedback about how far
the target is relative to the actual well
bore (Figure 1).

Some horizontal drilling operations
design and execute the landing to pene-
trate through most or all of the payzone
in order to confirm the gamma signature
and acquire such signal magnitude
respective to the specific gamma tool in
the bottomhole assembly. This methodol-
ogy goes hand-in-hand with a landing-
derived type log.
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Figure 3. With each 3DStratBlock calibrated, the total-well cross-section shows the
“big picture” of the stratigraphy drilled and leads to target path revisions and an
understanding of in-zone completion.

Technical
geosteering
candidates

A target zone for
application of
technical geosteer-
ing evidences a
formation evalua-
tion signal whose
functional form
persists aerially
and features suffi-
cient magnitude
contrast from
nearby beds. This
“type log” is essen-
dal for landing the
horizontal well in
the payzone.

SES technical
geosteering soft-
ware developed
by the author
allows for derived
type logs to be
created from the
landing. This
allows for gamma
functional form
and magnitude to
play a role in cali-
brating future

B0 rractusiiG

TECHNOLOGIES, INC

1980’s Teéhnology 3

6500

6600

6700

- NSI Technologies, Inc. presents
STIMPLAN™, a user friendly, rig-

[Width Contours
T e e R

orous 3-D fracture model that

includes multiple perforation

simulation, pressure analysis,

economics, reservoir perform-
~ ance, & generates post stimula-
~ tion reports.

|
\
{ B Provides On-Site/RDT con-

4000 6000
Stress (psi)

200 400 600

i sulting services for optimum
Fraclure Penetration (ft) g

fracture design, re-design, &
fracture treatment QA/QC

B Determines rock modulus,

0.00 proppant embedment, parti-

4000 6000
Stress (psi)

...is the dtfference between success
~and total screenout!

cle size analysis/ distribution
for proppant size selection in
our rock laboratory

B Offers Basic & Advanced
Hydraulic Fracturing Courses

by industry expert Mike
"5~ smith of the Nolte-Smith Plot

200 400 600 ; ;
Fractre Penetraton f) B Offers Reservoir Studies &

== = JIP's for optimum completion
efficiency

NSI Technolog:es, Inc.

Houston (281) 367-7353 M Tulsa, (918) 496-2071

Info@NSITech.com M www.NSITech.com

November 2007 | E&P | 75




3DSBs. A landing-derived tvpe log is
used to geosteer the rest of the well
(Figure 2).

Technical geosteering value

By observing a cross-section of TVD
versus MD that displays the entire well
path and the payzone as defined from
the 3DSBs, the best “big picture™ can
be seen and drill-up/hold-steady ‘drill-
down planned well path revisions can
intelligently be made (Figure 3). In
practice, the number of target changes
communicated to the directional
driller can range from few to dozens.
Updating the target entails specifying
inclination and TVD at vertical section
of zero.

Post-drilling application of technical
geosteering provides value by training
personnel on how to geosteer inter-
pret, and it produces the most com-
plete understanding of the geologic
structure and actual well path ‘reser-
voir completion. Such “in out” under-
standing is often critical. for example.
for reservoir simulation of wells drilled
horizontally. It can also affect comple-
tion procedures that use fracture stim-
ulation. The best possible geologic
interpretation can be attained after
drilling because there are no data
depth-lag issues or general human
fatigue conditions that inherently
accompany live operations.

Other data that may help with
geosteering may include multiple
fluid-return-line-derived measures,
such as sample drill cuttings analysis.
gas chromatograph measurements, oil
shows, gas flare height and casing
pressure in underbalanced drilling
operations, and general rate-of-pene-
tration characteristics. Most fluid-
derived measures suffer from
bottoms-up lag-time issues and rela-
tively significant source-depth uncer-
tainty compared to LWDFE data.

Technical geosteering defines locally
and helps to refine globally the geo-
logic model of the marker bed along
and nearby the actual drilled well
bore. Small-scale geologic features —
often ignored with legacy geosteering
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methods that rely only on plain draft-  may help explain subsequent produc-
ing tools — like faulting and zone tion behaviors related to hydrocarbon
undulation become better communi- and or water flows, and issues related
cated via the TVD versus MD cross-sec- to water sumps in wellbore low-

tion displaying calibrated 3DSBs and spots. Bsp
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