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INTRODUCTION to SES

The surge of oil/gas/CBM horizontal drilling operations that emerged mid-2000's created a
demand for software technology that could simplify the process of tracking and managing such
operations from a geologic perspective. Stoner Engineering Software (SES) is a full-suite
solution to this demand. SES continues to evolve to the changing and refined needs of industry
participants that choose SES.

SES is horizontal/directional well planning and execution software, including 3D technical
geosteering and directional steering guidance from patented Fuzzy Logic control technology.

Key features of SES include:

e Technical Geosteering with 3DStratBlocks (3DSB) and Relative Stratigraphic Depth
concepts (no distortion like vertical section projection)

e Extreme data loading/updating/editing ease and flexibility and management (enter/edit
data by hand/keyboard, clipboard copy/paste, LAS format file import, or all of the above)

e Supports multiple working hypotheses/interpretations while Geosteering; allows for
interpretation gaps and or overlaps while Geosteering

e Supports simultaneous graphing of multiple LWD data curves while actively
Geosteering, with user control of line colors, min/max scale limits, log/linear scale
format, and constant-value lines...per LWD curve and stored per 3DSB

e Single 3DSB-level control of payzone and + 5 offset beds thickness & color & names,
with easy property settings-transfer between wells for visual consistency & fast setup
Directional steering control guidance, whether drilling geometric path or Geosteering

e Full and or partial-well cross-sections with zoom control of TVD versus MD (no distortion
from vertical section projection) or Vertical Section of well paths, stratigraphic beds, and
multiple tracks of LWD data with user control of track placement & track size & track
content (up to 8 curves total)
Easily setup a new center-line plan and post its definition on cross-section display

o Displays multiple offset/stacked zones on TVD versus MD|VS cross-sections for
enhanced zone visualization and communication, with optional zone labeling

e Supports simultaneous use of multiple Type Logs for Geosteering correlation and Type
Logs may contain up to 4 data curves (e.g., gamma ray, resistivity, porosity)
Easily transfers type logs between wells for re-use (e.g., pad drilling)

o Easily creates "Derived" Type Logs from the landing or anywhere where signal
calibration confidence exists

o Allows for a statistically-smoothed EVOLVING type log (derived from 3DStratBlock
calibrations) to be posted while Geosteering progresses

e Allows for all traces of 3DStratBlock calibrations to be posted while Geosteering
progresses

! Stoner, Michael S. 2000 (8 August). Numerical control unit for wellbore drilling. United States Patent
#6,101,444.
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¢ View geologic model from grid data 3D interpolation during well planning, surveying, and
on cross-sections

o Exports Geosteered Marker Bed 3D control points along entire well path in global
coordinates for input to revise 3™ party software geologic models or analyses (also
helpful for reservoir simulation preparation)

e Interactive 3D graphics of survey data with rotate/zoom/pan

e Graphs and easily zooms all data sources, including survey data, well plan data, type log
data, LWD data, and cross-sections

¢ Internally performs all directional survey calculations and related minimum-curvature
interpolations for Geosteering and graphing

e Supports network server hard drive for database location and simultaneous multi-user
database access

o Easily transfers all well data between SES users or databases using a single XML format
file and export/import

e Supports multiple methods of licensing (flash-drive, floating-network, machine-specific, &
magic-password)

¢ Minimum curvature interpolates surveys at any user-specified MD; labels plots and
reports with MD-tagged annotations

o Creates professional directional survey/plan reports applicable to regulatory filings

e Vertical Section Azimuth associated with each individual survey or plan...easily handles
multi-laterals in opposite/different directions
Backwards compatible...v4 can read and write v3 SES xml files

e Computes Technical Hole Deviation (THD) whether drilling geometric path or
Geosteering

e Creates THD well logs with THD projections whether drilling geometric path or

Geosteering

Computes/designs general 3D/2D directional/horizontal well plans with unlimited targets

Computes directional wellbore surveys (minimum curvature method)

Creates vertical section and plan/map view plots

USA (ft, °/100ft) & metric (m, °/30m) units supported

System Requirements

SES requires Microsoft Access and Microsoft Excel. These products ship with Professional
editions of Microsoft Office. Microsoft Office 2000, XP (2002), 2003, 2007, and 2010 are
supported. The latest service packs are required (see http://office.microsoft.com/en-
us/downloads/default.aspx).

Installation

SES installer may be downloaded from SES Download.htm. It is named something like
“SES_4 50_Setup.exe.” With SES not running (i.e., from a prior installation), run SES installer
and follow the on-screen instructions. After installing SES, an SES icon will be present on your
desktop.

How to start/run SES

SES installer adds a ‘Stoner Engineering’ directory to your Windows Start—Programs menu.
Under ‘Stoner Engineering’ is an icon entry named ‘SES 4’ that when clicked will launch SES,
assuming Microsoft Office Professional has been installed. The SES icon on your desktop may

©1999-2010 STONER ENGINEERING LLC 2 www.makinhole.com
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also be used to run SES. Yet another alternative method to launch SES is to open SES.mde,
which is the SES run-time file, directly from/using Microsoft Access.

With some versions of Microsoft Access, you may be prompted with warning messages upon
running SES. Select ‘Open’ or otherwise navigate through the dialog boxes to get SES opened
without restrictions. To change Microsoft Access settings so you never have to click
‘Open’, simply open Microsoft Access stand-alone and change the security settings to ‘Low’
using the menu Tools...Macro...Security.

A security installation of SES occurs upon first use of SES. You may need access to a valid
License Code to authorize your copy of SES to use most features of SES. Please contact
Stoner Engineering LLC to acquire a valid license code if applicable.

License Logistics and Pricing

SES supports multiple methods of licensing, including machine-specific, flash-drive, floating-
network, and magic-password. Please contact Stoner Engineering LLC or view
SES Licensing.htm for the most recent information about licensing and pricing.

License Code (Machine-Specific)

From UTILITIES screen, License tab, you may copy your “Current License Code” text and send
it to Stoner Engineering LLC to acquire a valid updated License Code if applicable. With a
revised License Code, use this same screen to enter a new license code if you're not using one
of the other licensing methods.

SES Data (SESdata.mdb)

SES data (e.qg., directional surveys,
surface coordinates, offset type log
data, LWD data, well plans, geologic
grids, marker bed 3DStratBlock
parameters, THD, etc.) are stored in
a Microsoft Access relational
database in a particular format. A
fresh SES installation will include a
default database named
“SESdata.mdb.” Installing an SES
version upgrade or uninstalling SES
will not delete or overwrite or change
your existing SES_Database(s)!

An SES v4.x default SESdata.mdb
database, which contains multiple

technical geosteering, grid use, s
THD, and well plan examples, may sl o
be downloaded from the SES L\ =
technical support web page. Also, an  Flx. : w3 .

empty SESdata.mdb database may
be downloaded. The SES technical support web page is located at SES_TechSupport.htm.

©1999-2010 STONER ENGINEERING LLC 3 www.makinhole.com
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SES formatted databases from SES version 2.1 forward may be converted into the current
format using UTILITIES screen. SES allows SES formatted databases (SESdata.mdb) to have
any file name with an “mdb” extension, and it may be located on any type of drive (network
server, fixed media, removable media, etc.).

SESdata.mdb can contain data from multiple different wells. Eventually its file size may grow
(e.g., in excess of 100MB) and general SES performance may be affected. It is perfectly
acceptable to create multiple copies of SESdata.mdb and place them strategically in a file
directory structure that inherently groups information with applicable subsets of your company’s
wells (e.qg., field ‘A’ or division ‘B’ or client ‘C’, etc.). Another popular practice is to manage a
“working” version of SESdata.mdb for active wells and use an “archive” version of SESdata.mdb
to save final version data, where SESdata.mdb exists in two or more different directories. This
archive database for example can safely be as large as 2GB. WELLS screen is used to add and
delete wells in a particular SES_Database, and UTILITIES screen can be used to compact
fragmented SES_Database files to conveniently minimize their file sizes.

MAIN MENU screen shows the database to which SES is currently attached. You may attach to
a different SES_Database (e.g., corporate SES Database located on a network server hard
drive) using UTILITIES screen, SES Database tab.

Technical Support

The website contact form is the most reliable method of contacting Stoner Engineering LLC.
The email submitted to us via the contact form is monitored “24/7/365.”

Please contact Stoner Engineering LLC (contactSE.htm) for technical support or send email
directly to techsupport at makinhole dot com. A variety of other technical discussions and
resources may also be found online at:

e SES TechSupport.htm and
e Technical Discussions

©1999-2010 STONER ENGINEERING LLC 4 www.makinhole.com


http://www.makinhole.com/contactSE.htm
http://www.makinhole.com/SES_TechSupport.htm
http://www.makinhole.com/LearningCenter.htm#technicaldiscussions

SES version 4.5

GENERAL Microsoft Office HOW TO...

How To Paste Data From Excel

Only select and copy data values with columns in the proper order (i.e., do not copy column
heading labels). SES automatically handles row numbering when applicable. Each Excel cell
should contain one value or no value (i.e., not two or more values). In some cases, data may
first need to be parsed into one-value-per-cell using Excel's Text-to-Columns feature.

Any copied data, which are tab-delimited, may be pasted directly into SES. Excel automatically
tab-delimits data when cells are copied to the clipboard for pasting elsewhere. However, data
may also manually be made tab-delimited using a text editor such as UltraEdit.

To paste data into an SES data table after copying, right-click on the bottom row selector
(asterisk or triangle) and select Paste from the shortcut menu; or left-click on the bottom row
selector (asterisk or triangle) and press CTRL-V.

Sorting and/or calculating (using a toolbar button) may be necessary after pasting data.

—_—
Inc | Azi [ MNote [ ID |«

A B C MD_|

| 11435 90,31 1se.s52 147

1 MO Inc Az L | 114ee enze 1mses 143

11528 90.04| 187,99 149

2 1327 0.75 332.3 | 11621 9.6 188.25 150

3 1535 0.79 315,42 11715 8881 187.11 151
1 1627 141 2320z E»__d_j

1659 R BK Delete Record 153 > | »i]r#] of 153
5 % CUL e ——— kI Survey (Minimum Curvat
G 1691 = o cut [ Az | TvD | N
7 1722 E 332,30 1326.9 -1
Paste I 318,42 1534.94 0
] 18315 = 23707 1A7R.93 n
COPY DATA (without column labels) PASTE onto last row in table

How To Insert Data Between Existing Data

All data is added at the bottom of a table. In some cases, sorting may be necessary after adding
and or deleting data. Click the ‘A to Z’ toolbar button to sort data when applicable.

How To Delete A Row

Click the row selector at the far left side of a table to select a row (or rows) to delete. Right-click
over the selection and click 'Delete Record' from the shortcut menu, or press the 'Delete’ key.

How To Undo Data Changes *While* In Edit Mode

Press 'Esc' key WHILE in edit mode to undo a cell/record data change. A “pencil...icon” may
appear at the left side of the row on some screens WHILE SES is in edit mode.

©1999-2010 STONER ENGINEERING LLC 5 www.makinhole.com
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PROGRAM/DATA FLOW for GEOSTEERING

General SES data flow to perform typical technical geosteering is as follows:

U (optional)  Grid data (GRIDS Screen)

U (optional)  Well plan (SES Screen — PLANNER)

U (required) Type log data from offset penetration (SES Screen — TYPE LOG)

U (required) Directional survey data (SES Screen — SURVEYS)

U (optional) THD calcs and related logs (SES Screen — THD TECHNOLOGY)

U (required) LWD data (SES Screen — LWD)

U (required) Geosteer (SES Screen — GEOSTEER and SES Screen — GEOSTEER —
ParamTuner)

U (required) Cross-Sections (SES Screen — CROSS-SECTIONS)

If your sole interest in SES is 'raw' technical geosteering, please review the hyperlinked screen
discussions above marked with "required."

Grid data, which would source from Surfer or Petra or Geographix or Petrel or the like, is great if
you want to see the geo model in SES vertical section or cross-section views.

Grid data may also be used to display “hard” TVD drilling window targets in a cross-section.

%ﬁm .
Please see GRIDS screen W Tips for a full example.

For live operations, LAS format files for directional survey and LWD data produce the quickest
(fewest clicks) means of SES data updating. However, key-punch and copy/paste (e.g., from
Excel) are also fully supported. Key-punch can be handy when a survey station estimate at TD
is necessary in order to use gamma data beyond/deeper-than the survey tool. Key-punch is also
(at times) paramount to correcting or removing erroneous data, which is very simple with SES.

ONLINE TRAINING VIDEOS

There are at least two general levels of training associated with SES technical geosteering.
First, there is the learning curve to SES logistics...knowing which button clicks and screens do
the task at hand. Second, there is the developed skill that comes from analyzing data with SES
and extracting value based on what is discovered from knowing how to 'read' the results. As
might be expected, the latter takes much more time (relatively) to acquire and requires the user
to 'think like a geologist' for best results. See GEOSTEERING ANALYST'S TRADE SECRETS
for more information.

Fortunately, climbing the SES logistics learning curve can be done reasonably quickly. This user
manual is one resource to help accomplish the task, but equally important—if not more
important—are the online training videos published at SES _ScreenShots.htm. Approximately
70+ minutes have been created to help new users get acquainted with SES. The next critical
component to learning is doing (free trials are always available).

©1999-2010 STONER ENGINEERING LLC 6 www.makinhole.com
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WELLS Screen

EZ WELLS: SE Demo v4 #1 {Grid) ==
Selected Well W'ell Setup | Expaort | Impor | Fecord CDunts|

SE Demo w4 #1 (Grid)
Well Header

General |Sun‘au:e| Data Units | Other |

Click to Select well Edit Well Header |

WellMarne [Field :
SE Demo (Plan) Horizonkal Shone Add Haw Well | : A "Well" has a common surface location and may have :
SE Cemo {Plan) 3-Tyvpe Shone : multiple well paths, sidetracks, laterals, plans, surveys, etc. ;
SE Demo {Survey) Skane Delete this Wl |
SE Demo (THD) 3D Shone ! Well Name [SE Demo v4 #1 (Grid) =1 :
SE Demo (THD) Mostly Vertical | Skone H Field 56 ;I :
SE Demo {THD) Multi-Plan Stane : ield [Stoneman :
SE Cemo {THDY) Sidetrack, Skone CPERATOR | =
SE Demo (THD) Slant Skane : :
E'_:IE Dermo w4 #1 (Grid) S Analyst I ;I .
SE Cemo w4 #2 (Geosteer) Skone : H
SE Demo v4 #3 (Geosteer) Shone Analyst Company | =l
SE Demio w4 #4 (Geasteer) Skane : Drilling Rig | ;' :
SE Demo w4 #5 (Geosteer) Skome :
LW | = :

AP | =l :

Well Number | =

Slat Hame: | =

Ll_l _’I il Close |

General

A "Well" has a common surface location and will have multiple data sets associated to it, such
as directional Surveys, Type Logs, LWD, Marker Beds (Interpretations), THD, and Cross-
Sections.

WELL SETUP tab can be used to:

1.) Add a new well to SES Database.

2.) Delete the selected existing well and all associated data from SES Database.
3.) Modify/edit numerous well properties.

4.) Navigate to Wells in SES_Database and see their properties.

EXPORT tab can be used to:
Create a 'flat' file in XML format containing all SES well-related data, which may be used to
transfer well data to other SES users and/or to other SES_Database(s).

IMPORT tab can be used to:
Import an SES XML file created with SES using the Export feature.

©1999-2010 STONER ENGINEERING LLC 7 www.makinhole.com
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RECORD COUNTS tab can be used to:
Quickly return a table listing of data record counts in various SES_Database data tables for the
selected existing well.

Critical

1)) If a new well has been added while SES screen is open, simply close SES screen and re-
load it from Main Menu to have the new well available to select from SES screen.

2.) If well data units are changed after (e.g., directional survey) data have been added to SES,
re-calculate ALL survey-related data using SES screens.

3.) If the geologic model via grid data will be displayed in Surveys, Planner, and or Cross-
Sections, then the well’s surface coordinates (Surface X, Surface Y, Surface Z) must be entered
in the same coordinate system (e.g., UTM13, Colorado State Plane, etc.) as the grid data.

Important

The status bar at the far bottom of the window is used extensively to inform you of various
information. If SES is working OR if the mouse cursor shows 'busy', please let processing
complete before clicking or typing.

There are several screen tips throughout SES. Just place your mouse over a control and if
available the tip will appear. Clicking into a text box usually provides more information in the
status bar.

Several example wells accompany SES. In some cases after example inspection, you may
easily answer your question!

L&
At .
P Tips
e To create a full copy of a well and all of its data within SES, export it and then import it
with ‘Create Copy..."’ checked on the IMPORT tab.

¢ SES xml files may be exported in the current version format or in the prior version format
for full backwards compatibility.

Well Setup Export |Imp|:|rt | Fecord Cu:lunts|

—Expoart Format

Create SES File. . | i*) SES =ML (text) (0 SES Y3.x

—Expart Options (may cause the SES file ko become significantl large) —
[ Include Associated Grid Data if applicable
[ Include ALL wells {nat jusk the selected well)

o SES will import SES xml files created in the current version format or in the prior version
format for full backwards compatibility.

©1999-2010 STONER ENGINEERING LLC 8 www.makinhole.com
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GRIDS Screen
I [ 2|

Selected Grid Grid Data Setup | Cuick Flat I
SE Demol 20
Zones Grid Header
Click ba Select . Grid Name [SE Demo1 20 Zones B3| Grid 1D | 999999999 | |

arid Name Edit Grid Header | Marker Beds in Grid | 20 _~ arid Infa. |meters
oE Demol 1 Zone : Z Datum ISea Lewel - I
File:

{SF Demal 20 Zon )
SE Demoz Add New Grid | ! Map Zone [ITH

<]

°F Deme3 Delete this Grid | MARKER BED NAMES
| | w [ =1 #11[Fas =
| #efFE =l #2F4s =
#3 [Fa6 =1 #1137 =
#4 [Fa7 =] #14|Fas =1
#5 [Fag -] #1550 =
#6 [F33 =] #i6 st |
#7 [F40 =1 #17 =2 =l
#8 [Fa1 =] #18[Fs3 =
#3 [Faz =1 #1954 =l
#10 [F43 =] #20Fse =l

Grid Detail

EASTING |[NORTHING | F34 | F35 | F36 | F37 | F38 | F39 | F40 | F41 |a

|| 318300/  s3308S0 -96.75 -95.04) -99.23] -100.54] -120.07) -120.95) -122.69 -123.85

318300 6380875 -96.19 -97.49 -95.68 -100.00 -119.15 -170.04 -121.51 -122.98

318300 6380900 -95.61 -96.91 -95.12) -99.42 -118.20 -119.10 -120.90 -122.06

318300 6380925 -94.99 -96.30 -97.50 -95.51 -117.25 -118.15 -119.98 -121.jj
3

X Rt Tal e PakaTntulnlmls] A Pl ol Pt At 4 440 A 447 4N 4 4n mn TN

Record: 14| 4 || 1 v | ei]r#| of 4270 il |
o] | + El Close |

General

A "Grid" is a triplet (X, Y, Z coordinate) dataset from 3" party software that represents the
'digitized' 3D location of a geologic horizon, or a group of multiple geologic horizons (X, Y, Z1,
Z2, 73, etc.). The X-Y spacing may be arbitrary and null/missing Z values may exist, however
equal X-Y spacing is recommended. GRIDS may also be used to setup drilling target TVD
windows (e.g., Top, Target, Base) with as few as three coordinates.

GRID DATA SETUP tab can be used to:

1.) Add a new Grid to SES_Database by first naming and setting-up the Grid and its zone
names and then pasting the actual grid data into the grid detail section of the screen.

2.) Delete the selected existing Grid and all associated data from SES_Database.

3.) Modify/edit numerous Grid properties.

©1999-2010 STONER ENGINEERING LLC 9 www.makinhole.com
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4.) Navigate to Grids in SES_Database and see their properties and how many wells are
associated to them.

QUICK PLOT tab can be used to:
1.) Plot the X-Y locations where data exists for the selected Grid.

2.) Print the graph to any system printer or copy the graph to the clipboard for paste into 3™
party software.

Critical

1.) TVDsubsea 'Z' depths are assumed to be positive above sea level and negative below sea
level.

2.) A Grid may be associated to a well's Survey or Plan using SES screen. For proper grid
interpolation, the X-Y-Z coordinate system must be the same as the well's Surface X-Y-Z
coordinate system.

3.) While not required, equidistant-spaced grid data is recommended for optimum grid
interpolation (e.qg., if grid data spacing is 200 ft in the X-direction, it should also be 200 ft in the
Y-direction as opposed to 50 ft for example).

~{ 4
TR Tips

e Grid data must be tab-delimited to paste into SES. Data copied from Excel for example
is tab-delimited. Data may be made tab-delimited manually using a text editor.

o Toview the X-Y extent of your grid data, use the ‘Quick Plot’ tab of the GRIDS screen.
e Multiple wells may independently use the same Grid.

e Typically, grid data is created in 3" party engineering/geologic software. However,
results from SES geosteering are by design setup to help update such geologic models
after or during drilling. Control points of geosteered beds may be exported from SES
Cross-Sections and used in the gridding process that creates Grid data.

e GRID DATA AS DRILLING TARGET WINDOW

0 In some cases it may be desirable to display “hard” TVD drilling window targets
in select graphs. This may easily be handled in SES by using Grid Data to define
such drilling boundary limits. The minimum requirement is three such coordinates
that in-turn define a plane or multiple planes in the case of top/base/target. An
example follows whereby the Grid dataset is comprised of nine coordinates to
define three planes.

©1999-2010 STONER ENGINEERING LLC 10 www.makinhole.com
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i Grid Data Setup | Quick Plutl

GHd e ader e
Grid Name [16DZ3: Target Window = | Grid ID | 468621212
Edit Grid Header Marker Beds in Grid | 3 - arid Info,
i Z Datum |Sea Lewel | _
AddNew Grid | ¢ Map Zone [UTMT5N FT NADZ7 =] File
Delete this Grid | [ MARKER BED NAMES
_— #1 [Top Drilling Target =1 # |
#2 [Driling Target =1 #z| =]
#3 [Base Criling Target =1 #z| |
#4 | =1 #4 =]
#5 | =1 #is| [~
#6 | =1 #iE| B
#7 | =1 #17] [~
#8 | =1 #iE| B
#4 | =1 #a [~
#10 | =1 #an =
Grid Detail :
EASTING | NORTHING | Top Drilling Target | Drilling Target | Base Drilling Target
P 1403969 11712734 -11451,00 -11451.00 -11511.00
| 1404077 11714271 -11491,00 -11521.00 -11551,00
1404144 11717300 -11586,00 -11616.00 -11646,00
Record: 14| « || 1w et |r] of 2

TAHEWL

11,700
==
oy
811,750
(] Top Drilling Target
-
<C
=}
'n_: inggTarget
w
i 11,800
18]
= Mg Target
~

11,850

11,950

I
700 800 900 1,000 1,100 1,200 1,300 1,400 1,500
VERTICAL SECTION ON AZIMUTH 2.2 DEGREES _'j

] ] B
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B GRIDS: SE Demo3 o [ 5
Sl Gl Grid Data Setup  Quick Flot |
SE Demo3 e —
Refresh I Cop... I Prink. ..
Click to Seleck
Grid Mame TazK
SE Demol 1 Zone
SE Demol 20 Zone
70k -
SE Demo2
TEGK
Ta6Ek
TE4k
@)
=
E?82K—
S
TE0K
TTEK
TTEK
Tk
TTZk
T T T T
3 055 2.870N 309750 30200 2055
EASTING
[« | s
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UTILITIES Screen
=

sES Database |Ne1.wc|rk| Updates | License |

Active SES Database Current SES Database: |C4SESrun',SESdata.mdb

i_hange SES Database ko,

SES Database Compaction SES Database will become Fragmented with time and
require more disk space than is necessary, You can
Compact SE5 Database Mow compack SES Database ko defragment ik, The
compacked database often runs Fasker,

Automatically Compack SES Database on Exit

Freauency

Currenkt Size: 12,292 KB

SES Datab C tibilit
arahase Lampatibity 4 Current SES Database Yersion

Upgrade SE5 Database 4 Required SES Database Version

EI Close

General

UTILITIES is used to manage data connectivity, to monitor database network-use status, to
check for software updates, and to enter or check License information.

SES DATABASE tab can be used to:

1.) Connect SES to an SES_Database, which is a Microsoft Access database (mdb) file in a
special format.

2.) Compact SES_Database to minimize its file size and enhance general SES performance.
3.) Determine the format version of connected SES_Database.

4.) Upgrade connected SES_Database to be compliant with the respective SES run-time
version.

NETWORK tab can be used to:

Determine computer names currently using SES_Database to which SES is configured to
connect to, and computer name of user running the run-time file (SES.MDE). The directory
containing the run-time file is also presented.

UPDATES tab can be used to:
Query www.makinhole.com to check for SES upgrade availability. Your version is compared to
the most current release.

LICENSE tab can be used to:

Determine current in-use License type and its expiration date, and enter License code
information. Information about floating-network license administration may be queried.
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Critical

1.) To release a floating-network license seat immediately, click the Exit button from the License
tab or from Main Menu screen.

o s
TR Tips

o External from SES (for example, with Windows Explorer), SESdata.mdb may be copied
and or moved to reside (for example) on a network server hard drive and be strategically
placed into directories/folders that are relevantly named (by field, division, client, archive,
etc.) and regularly backed-up. An empty SES_Database may be downloaded from the
SES online technical support page.

e Multiple users can simultaneously access the same SES_Database with SES being run
on multiple computers.

¢ Compacting SES_Database also performs a database repair.

e |tis possible to create and use a ‘working’ version of SES_Database for active wells and
an ‘archive’ version of SES_Database for general storage/preservation. The archive
version may be as large as 2GB. WELLS screen can be used to transfer entire well data
in and out of SES_Database.

e SESdata.mdb should regularly be backed-up as a safe-computing precautionary
measure.

¢ Toimmediately release a floating-network license seat, click 'Exit' button from Main

Menu or click the exit icon from the License tab of UTILITIES. Such seats automatically
expire in roughly one hour of non-use.
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SES

Menu - Stoner Engineering Software =11

MELLS el Entity Setup (CreateModify/Delete Wells,

[a] Q SES File Import/Export, Surface Coordinates.,. )

Directional Planning & Surveying, LwD, THD,
[a] %E% %_ 20 Technical Geosteering, Steering Guidance

GRIDS Geologic Formation Tops Grid Data, Drlg Target

[a] i TwD Boundaries (Xooor, ooor, TWDsubsea)

Database Link, Metwork Users Connected to
[a] UTILITIES ] SES Database, Updates, License Details

Exit
Yerzion 4.5 (20010-Dec-01)
Guidance & Geosteering Feature Dption
Databaze |C:ASESrun\SESdata. mdb
@1999-2010 Stoner Engineering LLC www makinhole.com

SES - [SE Demo v4 #1 (i =1=1x
Fle Window Help ;|i|£||

[
x| Bl¢| & B Active Well -» |SE Demo w4 #1 (Grid) =|»

Surveys |P\anner| Type LDg' LwWD | Geusteer' THD Techﬂu\ugy' CrussfSeclmns'
Directional Wellbore Surveys

@+ B B[ 21%] cateuate surver | T auto Re-compute suvey T Plat GRID H Refresh | Copy... | Print... | 30.. |—|

| units | Surface
meters | 319528.083 633

ce Y | Surface Z |Motes | Field [ 2patum | Project | wID
34,302 GRID ¢ Staneman SeaLevel Demonstration | 859304331

Directional Survey Data and Annotations of Selected WELLBORE SURVEY \ 505, 18
Survey 1 Comment (Slant Rig driling CBM. See GRID use, | GRID [SE Demot 1 Zone v| o
Werkical Section Azimuth [235 o ca
Tie Point Coor.....T¥D [0 | Warth [0 | East 0 oK)
-200
MD [ Inc | Azi | Note | 1D [« MD | Csg/Anno. [ Show ST
127477 875 231 172 || ze2la-5is"csG o300
| 1z83.88 888 2329 173 | 400/RIGHT-CLK|MAX] = o aws 2oL
[ | 129388 874 2334 174) ||  500/MOVEABLE ANNC E"‘W
13023 867 235.2 15| |[]  7o0/TRY zooM AND : e N
. s i e oo e s
Units | Surface
x |E|3-| ,53e.| ‘@l Active Wiell -» |SE Dermowd #1 (Grid) | b [meters 219528.0
T : : " EIn T I ————
| 1o13s  sszn 22650 z4no0| 63842 80201 1023.15 2,57 50
[ ] 1mitio se.90 22690 24067 64507 -808.08  1032.74 5.39
[ | 1neosz  ss.o0  2zen 24111 65171 -B1614) 104235 3.45
] 1z §7.30 226,70 24150 -658.28 -823.12 10S1.83 2.19
[ ] 1140.00 8540 22600 24211 66433 -830.04 1061.29 6,33 T
[ | 114367 ss.30 zzes0 z4zss| 67154 83702 1070.52 2,49 B 100
| 1159.24  @e.4b 22630 24353 67610 -843.95  1080.27 379 m
[ | 11s8.69 8740 226,70 24410 -684.60 -850.73 1089.60 3.42 3
[ | nrsro 770 22690 2a452) 69144 -858.08|  1099.50 1.08 X
[ | 1nssos  se90  2z7s0 24497 697,81 86495 1108.78 3.20 =
[ | 1nor4s 8590 22680 24556 704,18 87184 1118.07 3.89 & 160 e
| 120725 se.sd 22630 246,20 -710.88  -878.91 1127.72 264 >
- p RIEHT-CLKMAXIMEE
L] 1z1es1 86,30 22580 246,78 -717.58 -885.85 1137.24 181 w R TATONS
[ | 1zee70 83.60 2240 za7es| 72448 89274 1146.54 9.77 =
[ | 1zse.2s 8340 22380 24s74) 73134 899,35 1156.18 112 = v g0 AND SEROLL
[ | 124585 83.80 2ea70 ze9.s1| 73805 90593 116553 3.07 200
|| 125549 83,60 226,00 250,86 -744,80  -912.80 1174.97 4.07 TRV PLOTGRID|REFRESH
| 126514 8500 22860 z5182) 75138 -919.85  1184.49 9.14
[ | 1zrar7 8750 23100 25245 -757.60 -927.20 119406 10780
[ | 128388  ss.80 23290 2sevs| 76321 93437 1203.15 7.5 260 o
[ | 12o3.88 8740 23340 25308 -769.20) -942.37 1213.14 446
[ ] 130230  se.70 23520 25351 77401 948,18 122154 6.87
130830 8790 23560 25384 -778.08) -954.95 122654 5.42
§7.90 23560 254,18 782,93 -962.12 1237.23 .00~ a m m an @ an an im am s 1m  4m 1am 4am
[ 175 b [ v [re] of 178 YERTICAL SECTION ON AZIMUTH 235 DEGREES
[Ready [ | | [ e |
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Units | Surface :

x|[u-| rEgﬂl|cf1;~g|| Active Vel -> [SE Demo w4 #1 (Grid] | b [meters | 319528.0

SUNEYS IF"Ianner' Type Lu:ug' LD | Geusteer' THD Technulugy' Crl:uss—Ser:tiDnsl

General

SES screen is the 'command center' of SES and contains multiple other screens. Each tab or
'screen’ addresses a unique aspect of SES including smart data integration by design.

SES screen can be used to:
1.) Navigate to well-specific data by selecting a well from the drop-down box.

2.) Create and navigate to multiple data sets regarding directional surveys, well plans, type logs,
LWD data, marker beds from geosteering, THD technology, and cross-sections.

3.) Get more information by clicking the Help icon (“?”) on any screen.

Critical

1.) Wells are added to SES using WELLS screen from Main Menu. If a well has been added but
is not a selection in the drop-down box here, simply close SES screen and re-load it from Main
Menu.

2.) When closing SES, it is recommended to USE THE PROVIDED BUTTONS (e.g., 'Exit' from
Main Menu) instead of the 'X" in the upper-right corner of the window. This method saves the
last loaded well for subsequent initial load if possible.

HOT KEYS

CTRL - hold down Control key while selecting a different Well from the dropdown box and
Surveys/Planner graphics WILL NOT be updated (navigation/dataload is faster without updating
Surveys/Planner graphics; click 'Refresh' respectively to update graphics)
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SES Screen — SURVEYS

SES - [SE Demo v4 #3 (Geosteer)] =] x|
File window Help =) 5||
|| units | Surfacex | Surface¥ | Surfacez | Notes | Field | zpatum Map Zone GL Project |  Anal
x || Za| B Active Well > [SE Demo v4 #5 (Geosteer 7| [p [Feet 3974411 7A2132.7 362 Major 3D well | Staneman [ uTHM 340 Demanstration M\keStiri
4| »
Surveys IP\ﬁmnerl Type Lngl LD | Gensteerl THD Technn\ngy' CrDSsSEE{iDnS'
Directional Wellbore Surveys
i“l >*|m| [& ?I-ﬂltél Caleulate SURYEY | ™ Auto Re-compute Survey [ Plot GRID | Refresh | Copy... | Brint... | D ”
Directional Survey Data and Annotations of Selected WELLBORE SURYEY
- Survey 2 Comment [Sidetrack #1 | GRID [SE Demo3 -1 1,000 R
Wertical Section Azimuth 500
Tie Point Coar.....TVD [5393.13663729268 | North [42,.8814114422726 | East [50.1360694342058 | 0
MD | Inc | Azi | MNote | ID [a MD | Csg/Anno. |Show -500
[ ] 13594 &7.50 16025 156 |[M] 6981 RE-ENTRY 1000
[ | 13es8 89.25 180,16 153) || 10881 SIDETRACK #1 =z FETRAZ KR
[ ] 13782 ss.81 17954 160 | £-1.500
[ ] 1387 902z 18007 161 & 2000
[ ] 13069 29.43 17954 162 =z
] §9.34 179.54 163 2
e 164 3,000
Record: 14] 4 164 b | vi[v#| of 164
*Calculated* Directional Survey (Minimum Curvature Method) oo
MD | Inc | Az [ T™vD | N | E [ verts DLS «|| %000
[ | 11#47.00] 89,34 18552 677369 -1893.50 -1211.86 215147 1.01 -a.500
[ ] 1154000 8848 18561 677547 -1986.05 -1220.87 224299 0.35 6,000 -4,000 -2,000 o 2,000 4,000 £.000
[ ] 11633.00)  89.08| 18499 €777.47 -2078.563 -1229.46 23342 0.94 EASTING
[ ] 117ze.00) 943 18394 677868 -2171.34 -1236.70 242561 113
[ | nrrzo0)  g9.52) 18183 677900 -2217.27 -1239.02 247045 459
(| 11819.00) 89,52 18174 677949 -2264.25 -1240.48 251606 0.19
[ | 1191200) 8925 18235 678049 -2357.18 -1243.80  2606.40 0.72 8,000
[ ] 1200400)  s9.78) 18025 678127 -2949.15 -1245.89  2695.48 2,35
[ | 12007.00)  39.08| 17889 £782.20 -2542.15 -1246.00 2785.01 0.85
[ 12190000 @969 179.01  6783.13 -2635.14 -1245.11  2674.26 1.15 6,100
[ | 1228400 8898 17840 678428 -2720.10 -1242.98  2964.12 0.99
[ | 1za77.00) 8890 17919 €785.99 -2822.07 -1241.03 305305 0.85 5.200
[ ] 1247100/ 952 17857 678729 -2916.04 -1239.19 314299 0.93 T
[ | 1256500/  90.68| 173,96 676714 -3010,03 -1238.00 323313 1,93 =
[ | 12e50.00) 8960 17875 678693 -3104.02 -1236.96 332330 1.73 L5200
[ | 1275300 8828 17735 678366 -3197.94 -1233.76 341283 2.04 3
[ | 12846.00) 8837 17875 679137 -3290.85 -1230.60 350138 1.51 X
[ | 12939.00) 89,34 17923 €793.22 -3363.81 -1220.00 3590.42 119 = 6,400
[ | 13033.00) 8872 17954 679482 -3477.80 -1226.03  3680.60 0.72 x
[ | 1312600 89.08| 178.54 679660 -3570.77 -1226.72 376972 0.85 >
[ | t357.00 8908 17919 679710 360175 -1226.18 379940 113 u 8,500
[ ] 13188.00)  s9.15) 17954 679758 -3632.75 -1225.84  3829.14 116 2
[ | 13219000 g9.18| 173,26 679603 -3663.75 -1225.52  3056.60 0,54 = 5500
[ | 13313.00) 9048 17972 679833 -3757.74) -1224.70 3949.12 1.48 ' b ey
[ ] 1340600 9075 18007 679733 -3850.74 -1224.53 403857 0.48
[ ] 13500000 8855 18095 679790 -3944.72 -1225.37  4129.25 2520l @700
[ | 13504.00)  87.58| 18025 80103 -4038.66 -1226.35  4219.93 1.27 SIDETRACK#
[ | 13¢85.00) 89,25 18016 680367 -4132.62 -1226.69  4310.45 1.78 MM
[_| 1376200 88,81 179.5¢  6605.27 -4226.61 -1226.44 440063 0.51 6,800
[ | 1387600  90.22)  180.07 80606 -4320.50 -1226.12 449121 1.60
(= 89,43 17954 680635 -4413.60 -1225.81 458062 1.02
] 59,34 173,54 680700 -4474.60 -1225.32 463919 0,150~ 4sm amm sm o a0 1an  1&D D  zam  3Em  3sm g &0 som
Rex [ 164 b [vi[v#] of 164 VERTICAL SECTION ON AZIMUTH 195,76 DEGREES
Ready T o

General
The survey calculational method is minimum curvature, including interpolation between stations.

SURVEYS screen can be used to:
1.) Input 'raw' wellbore directional survey data (MD, Inc., Azi.) using keypunch, pasting from
Excel, or by import from a LAS format file; MANUALLY enter tie-point coordinates and Vertical

Section Azimuth.

2.) Calculate the Cartesian coordinates (True Vertical Depth, North, East) and Vertical Section
of a wellbore.

3.) Set each directional survey Vertical Section Azimuth independent of other surveys.
4.) Create Vertical Section View and Plan View standard directional plots of a wellbore.
5.) 3D plane-interpolate associated geologic Grid and display the formations/boundaries on the

Vertical Section View.
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6.) Interpolate the calculated survey at arbitrary Measured Depths for (TVD,N,E,Inc.,Azi.).

7.) Create a 'digitized' wellbore survey table with extra interpolated values for smoother
graphing.

8.) Print/Preview a professional directional survey report for regulatory reporting or otherwise.
9.) Print the standard directional plots on any system printer (including Adobe/PDF).
10.) Copy the standard directional plots for paste into another application.

11.) Use ‘3D..

1 5E5 - [5E Demno ¥a &3]

. toolbar button to view survey data in 3D with full rotate/zoom/pan cae}bilitie_g.._

5

F
i
3
5

Close - Drag borotoke. CTRL+Grag ba zoom. SHIFT+Dvag bo pan.

[Form View e I T |

12.) Zoom the 2D graphs by dragging a window with the mouse; then pan by clicking the scroll
bars.

13.) Change a variety of graph properties (including full screen mode / maximize) by right-
clicking over the graph and using the shortcut menu.

14.) Move graph annotations by simply dragging the text to a new location.
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Critical

1.) The Tie Point coordinates (TVD, North, East) in the header section of the screen are the
Cartesian Coordinates of the first station (at ID=0) and must be manually entered if non-zero.

2.) If directional data, Tie Point data, or Vertical Section Azimuth are changed in any way, click
'‘Calculate Survey' or press F6 to refresh the survey calculation.

3.) From Well Properties, coordinates SurfaceX, SurfaceY, SurfaceZ must equal local
coordinates at (TVD,N,E)=(0,0,0) for proper geologic grid display.

4.) For proper geologic grid display, coordinates SurfaceX and SurfaceY must be in the same
coordinate system as the associated grid.

5.) If well units are changed (e.g., from ft to m), re-calculate all surveys.
6.) If your computer does not respond to keyboard typing, make all graphs NOT have the focus
(magenta outline) by 'clicking-away.' This is a Microsoft bust

(http://support.microsoft.com/kb/210608/en-us).

HOT KEYS
F6 - same as clicking Surveys toolbar button 'Calculate Survey'
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CTRL - hold down Control key while clicking a different Survey # in the list box and the graphics
WILL be updated (navigation/dataload is faster without updating graphics; click 'Refresh’ to
update graphics)

CTRL - hold down Control key while selecting a different Well from the dropdown box and
Surveys/Planner graphics WILL NOT be updated (navigation/dataload is faster without updating
Surveys/Planner graphics; click 'Refresh’' respectively to update graphics)

~{ 4
TR Tip

e Step one for any SES technical geosteering operation is to ensure the SES calculated
directional survey matches ‘exactly’ with the service company supplying the source
directional survey data. If they don’t match, resolve the difference before proceeding
(most likely cause is tie-point difference...see Critical point #1). The calculated digits
should match because most drilling service companies employ the minimum curvature
survey calculational method, as does SES.

e Let us repeat! Step one for any SES technical geosteering operation is to ensure the
SES calculated directional survey matches ‘exactly’ with the service company supplying
the source directional survey data. It is critical to operations that everyone be on the
same page. Resolve any differences before proceeding with LWD data loading or any
analyses.

e If SES calculated vertical section does not match the field but north/south and east/west
coordinates do match, then the vertical section azimuth (VSA) within SES and the value
in use by the field are not the same. VSA is entered into SES in the header portion of
SURVEYS screen.
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SES Screen — PLANNER

JSEIES]
-l x|

(D) SES - [SE Demo v4 #1 (Grid)]
File window Help

Surface ¥ | Surface ¥ | Surface 2 | Motes Field | 2patum | Project

x| B '?l Active ‘Well -> |SE Demo w4 #1 (Grid) i meters | 319528093 636201301 4,602 GRID LS Stoneman SeaLevel Demonstration 559904331

Surveys Flanner |Type Lng' LwD | Gensteerl THD Technnlngy' CmssSemmns'

Directional Well Plan Setup (before TYD Geosteering)

|;"|>*|M| [& @'-ﬂ'hg' Calculate PLAN |rAutnRa-cnmputePlan pP\ntGRID‘ Refresh | Copy... | Print... ”

"TARGET" Details of Selected WELL PLAN
Plar 1 Comment [Slant Rig driling CBM. See GRID use. | GRID [SE Demat 20 Zones - | o T
.5, Azimuth (235 Show Reference 100
dMD | Inc | Az | Tvp | N [ E [ DLS [ Reference| ID &
(= 100 85| 230,78 2 200
[ 855 230,78 0.1 3
(= 400 855 230.78 4 s
[ 843 230,78 . 5 =
] 150 848 230,78 TOTAL DEPTH [ fp 900
* 7| [=]
Z-SDO
Record: 14] 4 7 |eiles| of 7
-600
*Calculated*® Details of Selected Plan by Hole Section
#[Reference| Type [ MD [ Inc [ Azi [ WD [ N [ E
[»| 0 Tie Paint Tie Point 0.00 3000 23078 0.00 0.00 -
] 1¢ca Build 336.73 8500 230.78 17406 -172.96 21| gon
- Tangent 436.73 6500 23078 18278 23575 -2
I ! Buid 586,73 8550 230,78 19520 -330.27 A A D A6 = = EASTIN’(?OG Z0 ® £ “m
1 4 Tangent 986,73 6550 23076 22658 -S624l 7
I Drop 1186.73 5490 23078 24164 69552 8
& TOTAL DEFTH Tangent 1316.73 4,90 &

TRUE YERTICAL DEPTH

o B Y wo sm 50 " am B im0 o 1am 1w

o
Al * YVERTICAL SECTION OMN AZIMUTH 235 DEGREES

T o

|Ready [ [

General
Any type of directional well plan comprised of linear and circular-arc hole sections can be
designed, including a circular arc in an oblique plane in any octant(s).

PLANNER screen can be used to:

1.) Design and calculate the critical point values of any 3D or 2D well plan by combining multiple
successive "Targets" as needed.

2.) Determine the minimum curvature necessary to intersect a specified 3D coordinate (target).
3.) Implement a "Target" that extends a straight 3D or 2D line by a specified length.

4.) Implement a "Target" that extends a 3D or 2D curved line by specifying dogleg-severity and
ending inclination and azimuth.
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5.) Associate each well plan with the same or different Vertical Section Azimuth as other well
plans.

6.) Create Vertical Section View and Plan View standard directional plots of a well plan.

7.) 3D plane-interpolate associated geologic Grid and display the formations/boundaries on the
Vertical Section View with the plan.

0

Tk Polit

50

—
]
=

150

TRUEYERTICAL DEPTH

]
]
=

250
o 100 e =0 4o 200 &0 700 =0 00 1,000 1,100 1,200 1,300
VERTICAL SECTION OM AZIMUITH 235 DEGREES

8.) Create a 'digitized' well plan survey table with extra interpolated values for smoother
graphing.

9.) Print/Preview a professional well plan survey report for regulatory reporting or otherwise.
10.) Print the standard directional plots on any system printer (including Adobe/PDF).

11.) Copy the standard directional plots for paste into another application.

12.) Zoom a graph by dragging a window with the mouse; then pan by clicking the scroll bars.

13.) Change a variety of graph properties (including full screen mode / maximize) by right-
clicking over the graph and using the shortcut menu.

14.) Move graph annotations by simply dragging the text to a new location.
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E5 Basic PLANNER Help -0 x|
General | General (cont) "Target' Types | Planning Notes | Critical | HotKeys | How To Paste | How < | |
TYPE I: Curved section TYPE II: Entirely Straight TYPE III: Entirely Curved TYPE I¥: Curved section
preceding tangent section (e.g., vertical, section into TARGET until TARGET Inc. and
section into TARGET slanted, horizontal}) Azi. at DLS are met
start start start start
Length = DelMD Ending Inc
e OLS d Az
Constant and Azl
Inc & Az al‘/
TARGET TARGET
Specify (M,E, TWD) of specify Length (DelMD), Specify (M,E, TWD) of TARGET | |Specfy Ending Inclination
TARGET, and DLS desired for | |Inclination, and Azimuth, and leave DLS blank, The and Azirmuth, and DLS.
upper curved hole seckion, MWOTE: Inclination and rninirnun curyature necessary
Azimuth rmust equal same ko intersect TARGET will be
from preceding hole section, determined and emploved.
The kerm "TARGET" may Ak times, this may require
niok coincide with the copyfpaste from prior . .
traditional geological sense calculated resulks, See MOTE: The curved and straight lines presented in the above
T —— 'Flanning Motes' tab for more sketches may exist in a vertical or horizontal plane (207, or in
information, an oblique plane {307,

Online Links | About SES | hicrosoft Access Help

PLANNING NOTES

When designing or specifying a well plan, consider calculating the PLAN after the addition of
EACH new target. This helps to ensure that the well plan parameters are valid and within
accordance to what SES expects. The results are presented in the lower part of PLANNER
screen.

Itis HIGHLY RECOMMENDED to follow the preceding suggestion when using Type Il or Type
IV Target Types, especially if Inclination and/or Azimuth are not "simple" numbers. Copy and
Paste of non-simple numbers (e.g., 23.435980298 degrees) is HHGHLY RECOMMENDED in
cases that require calculating the plan to determine the numbers to feed into the next "Target".

For 2D wells, the following may assist in the respective design. In each case, it is assumed that
Target ID=0 is the tie point and Target ID=1 is Type Il to Kick-Off point, both of which have
already been specified.

SLANT (BUILD-AND-HOLD or DROP-AND-HOLD): Type | to well bore Total Depth.

DOUBLE BUILD: Type | to start of lower build section, Type | to well bore Total Depth.

-OR-
DOUBLE BUILD: Type I to start of lower build section, Type IV to final Inclination and Azimuth,
Type Il to well bore Total Depth.

S-TYPE: Type | to start of drop section, Type | to well bore Total Depth.

-OR-
S-TYPE: Type | to start of drop section, Type IV to final Inclination and Azimuth, Type Il to well
bore Total Depth.
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The foregoing are only suggestions. Given the four "Target" types allowed, there are multiple
ways to create an identical well plan.

Critical

1.) The Tie Point coordinates (TVD, North, East) and angles (Inc., Azi.) are entered on the first
row of the table (at ID=0).

2.) If well plan data or Vertical Section Azimuth are changed in any way, click ‘Calculate PLAN'
or press F6 to refresh the well plan calculation.

3.) From Well Properties, coordinates SurfaceX, SurfaceY, SurfaceZ must equal local
coordinates at (TVD,N,E)=(0,0,0) for proper geologic grid display.

4.) For proper geologic grid display, coordinates SurfaceX and SurfaceY must be in the same
coordinate system as the associated grid.

5.) If well units are changed, re-calculate all plans.

6.) If your computer does not respond to keyboard typing, make all graphs NOT have the focus
(magenta outline) by 'clicking-away.' This is a Microsoft bust
(http://support.microsoft.com/kb/210608/en-us).

HOT KEYS
F6 - same as clicking Planner toolbar button 'Calculate PLAN'

CTRL - hold down Control key while clicking a different Plan # in the list box and the graphics
WILL be updated (navigation/dataload is faster without updating graphics; click 'Refresh’ to
update graphics)

CTRL - hold down Control key while selecting a different Well from the dropdown box and
Surveys/Planner graphics WILL NOT be updated (navigation/dataload is faster without updating
Surveys/Planner graphics; click 'Refresh’ respectively to update graphics)

HOW TO INSERT TARGETS BETWEEN EXISTING TARGETS...

All new data is added at the bottom of a table. Combine row Cutting and Pasting to essentially
insert. For example, assume you have 4 targets (rows) and now you want to insert a New
Target between row 2 and 3. Enter the New Target data as a new record at the bottom. Then
select rows 3 and 4 and Cut by right-clicking over the selection and clicking Cut. Then right-click
on the asterisk at the bottom left part of the table and click Paste on the shortcut menu. See
"Planning Notes" tab for recommendations.

~{ 4
TR Tips

o To "transfer" an already-designed well plan from a service company into SES Planner,
there are two common methods:

1. Use dogleg-severity (DLS...value of zero means the hole section is linear; value
of non-zero means the hole section is curved) to manually by inspection
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transform the plan into a finite number of either Type Il or Type IV ‘target’ types
after fully defining the tie point (first station/row, 1D=0), OR

2. Fully specify the properties at the tie point (first row, ID=0), and then simply paste
the Cartesian coordinates of the well plan into SES. This method ONLY works
"perfect" if the source data are full precision (i.e., NOT formatted; for example the
number 23.435980298 is formatted if it is reported as 23.44)

Method 1 example...(formatted) well plan from a service company...

[ o [ v | Az | 1w N | e | vertss | Dpst | Reference
5936. 00 0.00 0.00 5936.00 0.00 0.00 0.00 0. 00 KOP
6000. 00 4.68 188.73  5999.93 -2.58 -0. 40 2.61 7.31
6100. 00 11. 99 188.73  6098. 81 -16. 90 -2.59 7.31
6200. 00 19. 30 188.73  6195.04 -43.53 -6.68 7.31
6300. 00 26. 61 188. 73 -12, .01 7.31
6400. 00 33.92 188. 73 .24 133. 38 7.31
6500. 00 41.23 188. 73 .49 194. 31 7.31
6600. 00 48. 54 188. 73 .20 264. 83 7.31
6700. 00 55. 85 188. 73 .18 343.79 7.31
6800. 00 63. 16 188. 73 .25 429. 89 7.31
6900. 00 70. 47 188. 73 .19 521. 75 7.31
6920. 95 72.00 188.73/ 6681.44  -535.32 -82.20 541. 59 7.31P. P./ CSNG PNT
7000. 00 76. 58 188. 5. 80
7100. 00 82.38 188. 5. 80
7200. 00 88. 18 188. 5. 80
7216. 64 89. 15 188. 5. 80
7300. 00 89. 15 188.73  6730.92 -904.94 -138.96 915. 55 0.00
7400. 00 89. 15 188.73  6732.40 -1003.78 -154.14  1015.54 0.00
7500. 00 89. 15 188.73  6733.88 -1102.61 -169.31 1115.53 0.00
7600. 00 89. 15 188.73  6735.37 -1201.44 -184.49  1215.52 0.00
7700. 00 89. 15 188.73  6736.85 -1300.27 -199.67  1315.51 0.00
7800. 00 89. 15 188.73  6738.33 -1399.10 -214.84  1415.50 0.00
7900. 00 89. 15 188.73  6739.82 -1497.93 -230.02  1515.49 0.00
8000. 00 89. 15 188.73  6741.30 -1596.76 -245.19  1615. 47 0.00
8100. 00 89. 15 188.73  6742.78 -1695.59 -260.37  1715.46 0.00
8200. 00 89. 15 188.73  6744.27 -1794.42 -275.55  1815.45 0.00
8300. 00 89. 15 188.73  6745.75 -1893.25 -290.72  1915.44 0.00
8400. 00 89. 15 188.73  6747.23 -1992.08 -305.90 2015. 43 0.00
8500. 00 89. 15 188.73  6748.72 -2090.91 -321.07 2115.42 0.00
8600. 00 89. 15 188.73  6750.20 -2189.74 -336.25 2215.41 0.00
8700. 00 89. 15 188.73  6751.68 -2288.57 -351.43  2315.40 0.00
8800. 00 89. 15 188.73  6753.17 -2387.40 -366.60 2415.39 0.00
8900. 00 89. 15 188.73  6754.65 -2486.23 -381.78  2515.38 0.00
9000. 00 89. 15 188.73  6756.13 -2585.06 -396.96 2615.36 0.00
9100. 00 89. 15 188.73  6757.62 -2683.90 -412.13  2715.35 0.00
9200. 00 89. 15 188.73  6759.10 -2782.73 -427.31 2815.34 0.00
9300. 00 89. 15 188.73  6760.58 -2881.56 -442.48  2915.33 0.00
9400. 00 89. 15 188.73  6762.07 -2980.39 -457.66  3015.32 0.00
9500. 00 89. 15 188.73  6763.55 -3079.22 -472.84  3115.31 0.00
9600. 00 89. 15 188.73  6765.04 -3178.05 -488.01  3215.30 0.00
9700. 00 89. 15 188.73  6766.52 -3276.88 -503.19  3315.29 0.00
9800. 00 89. 15 188.73  6768.00 -3375.71 -518.37  3415.28 0.00
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9900.
10000.
10100.
10200.
10300.
10400.
10500.
10600.
10700.
10800.
10900.
11000.
12000.
13000.
13100.
13200.
13300.
13400.
13500.
13600.
13700.
13800.
13900.
14000.
14100.
14200.
14300.
14400.
14438.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
64

89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.
89.

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.
188.

73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73

6769.
6770.
6772.
6773.
6775.
6776.
6778.
6779.
6781.
6782.
6784.
6785.
6800.
6815.
6816.
6818.
6819.
6821.
6822.
6824.
6825.
6827.
6828.
6830.
6831.
6833.
6834.
6836.
6836.

49
97
45
94
42
90
39
87
35
84
32
80
64
47
96
44
92
41
89
37
86
34
82
31
79
28
76
24
82

-3474.
- 3573.
-3672.
-3771.
- 3869.
- 3968.
- 4067.
-4166.
- 4265.
- 4364.
-4462.
-4561.
- 5549.
- 6538.
- 6637.
-6735.
- 6834.
- 6933.
-7032.
- 7131.
- 7230.
- 7328.
-7427.
- 7526.
- 7625.
-7724.
- 7823.
-7921.
- 7960.

54
37
20
03
86
69
52
35
18
02
85
68
98
29
12
95
78
61
44
27
10
93
76
59
42
25
09
92
11

-533.54  3515.
-548.72| 3615.
-563.89  3715.
-579.07  3815.
-594.25  3915.
-609.42  4015.
-624.60  4115.
-639.77  4215.
-654.95  4315.
-670.13  4415.
-685.30 4515.
-700.48  4615.
-852.24  5615.
-1004.00  6614.
-1019.18  6714.
-1034.35  6814.
-1049.53  6914.
-1064.71  7014.
-1079.88  7114.
-1095. 06  7214.
-1110.24  7314.
-1125.41 7414,
-1140.59  7514.
-1155.76 7614.
-1170.94 7714,
-1186.12  7814.
-1201.29  7914.
-1216.47  8014.
-1222.33  8053.

27
25
24
23
22
21
20
19
18
17
16
14
03
92
91
90
89
88
87
86
85
84
83
81
80
79
78
77
41

...can be transferred into the following equivalent SES well plan INPUT...

OO0 0000000000000 0000000000 000

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

.00

| avD | mc | A | ™vo | N | E | DpDis | Reference | m |
0 0 0 5936 0 0 KOP 0
72 188.73 7.31P.P./Csng Pnt 1
89.15  188.73 5.8 LANDED 2
7222 89.15 188.73 D 3
...with SES well plan calculated OUTPUT...
‘#' Reference ‘ Type ‘ MD ‘ Inc ‘ Azi ‘ TVD N E DLS VertS
0 KOP Vertical 5936.00 0.00 0.00  5936.00 0.00 0.00 0.00
1P.P./Csng Pnt Build 6920.95 72.00  188.73 6681.44  -535.32 -82.20 731 541.59
2 LANDED Build 7216.64 89.15  188.73 6729.68 -822.56  -126.31 5.80  832.20
3 1D Horizontal | 14438.64 89.15  188.73 6836.82 -7960.11 -1222.33 0.00 8053.41

A well plan defined in Planner may be available for use in multiple other SES screens,

including THD Technology, Geosteer/ParamTuner, and Cross-Sections.
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SES Screen — TYPE LOG

0) SES - [SE Demo v4 #4 (Geosteer)] il |
Fie window Help x|
[ [ units | Surface X | Surface ¥ | Surface 2 | Notes | Field |
x | j* | 7 Active Well-> |SE Dema w4 #4 (Geosteer ~| [p [feet anather| Stoneman D o Jﬁgi
r a0
Surveys' Planner ; Type Log | LWD | Geualeer' THD Technulugy' Crus&Semmns' 10,660
Type Log - Geologic Correlation Data from Vertical Pilot / Offset Penetration / Current-well Derived
S e A | Refrsh [ copr. [ .||
Type Log Correlation Data with Calculsted RSD [Relative Stratigraphic Depth) @ Curvel (O Curvez (O Curved () Curve 4
2 'typeLog | Comment [From offset well i e | Curves 1 ]| OlMarkdata Ohickerlive ClLocsce  zood ] 10,680
] ] [w] '
Curve 1 [GAmMA =] Coe | ] curves| =] curves —| (Bt g [Tz ke Eiide e
2| 2| i) o
PAYZONE TOP [ Use in ParamTuner [ Derived from Current well
StratDepth | GAMMA [Zone (@Top)| ID [-[ RsD
= 10727.5 99.17282 Bl 105 40 10.700
| 10728 108.6427 2568 10 = '
10728.5 107.6883 2578 9.5 =
| 10729 109.3900 258]8 ] 04310 %
| 10729.5 106.7375 759)= 8.5 b (7
| 10730 101.3822 260 8 :
| 10730.5, 91.08187 2618 7.5 2 4
| 10731 53.27026/C 262 7 = 10720
| 10731.549.09043 2638 6.5 O o
| 10732 16.25519 264|- 3 = @
| 10732.5  17.82179 265|8 5.5 = 10,700 air
| 10733 14.09149 2662 5 2 2 7] “)
| 10733.5 12.94355, 2678 4.5 o g_ e
| 10734 18.7025 2682 4 = S q P& ZONE TOP o
= 10734.5_ 25.11385 26| 3.5 = i} (4. 10,740 A
10735 32.70606 270/- 3 = PRYZONE TOP &
— : 5 BASE (84.)
107355 3736637 z71|- 25 =2 of © ’ o
I .5 37, - = = =
| 10736 39.99699 z72|8 2 @© 07500 i = =3
= 107365 40.02184 2738 1.5 bl 5] I
| 10737|_36.56295 2748 1 @ el =
| 107375 31.93708 275 0.5 = =2 @ =20
] 10738 27.9074 276/ | = ' 10,760
| 10738.5 26.01234 z77|8 0.5 3] 1l
| 10739 19.51094 2738 -1 o
107395 1850865 273" 1.5 I ||
1 10,800
= 10740 19.88074 2802 -2 % 3]
(| 10740.5  25.64246 281 |- 2.5 o Cr
| 10741 2808125 zs2|R -3 =40 10,780
| 10741.5 33,2778 2838 .
| 10742 42.41508 BASE 2348 4
| 10742.5 48.41123 285|8
10743 46.46316 2868 5
| 10743.5 37.02619 287|8 (2220
| 10744 35.2753 I -
| 10744.5 31.90345 E | -60 10.800
| 10745 26.10448 29|~ 7 o
| 10745.5 24.17789 2912 7.5
| 10746 24.16933 2928 - -150
| 10746.5 24.36418 2932
| 10747 28.12265 2942 -9 10,300
T o - . 100 80
Record: 14 4 777 v | v %] of 01 GAA 10,820
D (47.5)
[Ready [
a0 100 1580

General

A Type Log provides guidance for signal expectations while landing and drilling a horizontal
well. Each Type Log may include from one to four curves of MD-tagged information and each
may individually (and simultaneously) be used when Geosteering.

TYPE LOG screen can be used to:

1.) Input geologic correlation "Type Log" data (e.g., Gamma, High-Side Gamma, Resistivity,
Porosity, etc.) using keypunch, pasting from Excel, or by import from a file in LAS format.

2.) Manage and navigate Type Log data from multiple vertical offset wells, vertical pilot holes,
dip-corrected calculated logs, AND/OR derived type logs from the current horizontal well.

3.) Designate each curve name and curve color (color is applied in ParamTuner).
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4.) Convert 'Stratigraphic Depth' (which in most cases is MD from a vertical well with beds of low
dip) to 'Relative Stratigraphic Depth' (RSD) by simply entering the depth of the PAYZONE TOP.
RSD is needed for geosteering and is automatically calculated in the table.

5.) Designate/check which Type Log(s) should currently be displayed in ParamTuner when
Geosteering (multiple Type Logs can be displayed simultaneously).

6.) Recall if a Type Log was derived from the current well (e.g., during the landing and/or
subsequently; see ParamTuner from Geosteer screen).

7.) Graph a Type Log data curve, including linear
or LOG10 scale format (see adjacent picture).

8.) Print the graph on any system printer
(including Adobe/PDF).

9.) Copy the graph for paste into another
application.

10.) Zoom a section of graph by dragging a
window with the mouse within the graph; then pan
by clicking the scroll bars.

11.) Change a variety of graph properties
(including full screen mode / maximize) by right-
clicking over the graph and using the shortcut
menu.

12.) Display horizontal lines on the graph by
simply entering text into the ‘Zone (@Top)’
column at a particular depth.

13.) Set ‘PAYZONE TOP’ by double-clicking a
data point while the graph is zoomed.

14.) Delete an exterior range of data (e.g.,
shallow-depth data) far from the payzone.

15.) Import/copy/transfer type log data from
another well.

16.) Reset 'PAYZONE TOP' in middle of
interpretation, with automatic correction to all
existing interpretations and 3DSB stored views.

Critical

1.) PAYZONE TOP, which defines where Relative
Stratigraphic Depth (RSD) equals zero and
graphically in cross-sections will be seen as the
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primary marker bed boundary (either bed top or bed base), must be specified in the header
portion of Type Log screen.

2.) PAYZONE TOP must have an exact corresponding depth and curve value in the data
details/table in order to use Ratio Normalization when Geosteering. At PAYZONE TOP, RSD
equals zero and the table cell shows a green background.

3.) Type Log and LWD Curves are coupled. For use geosteering with ParamTuner, if Type Log
Curve 1 contains gamma, then associated LWD Curve 1 should also contain gamma.

4.) Exported SES XML files will be smaller if unnecessary Type Log data have been deleted
from the respective dataset. For example, if 1000 to 7000 ft of Type Log data exist but the
payzone top is located at 6800 ft, then consider deleting the unneeded data from 1000 to 6300
ft for smaller related files AND FASTER PARAMTUNER PERFORMANCE.

5.) If your computer does not respond to keyboard typing, make all graphs NOT have the focus
(magenta outline) by 'clicking-away.' This is a Microsoft bust
(http://support.microsoft.com/kb/210608/en-us).

HOT KEYS

CTRL - hold down Control key while selecting a different Well from the dropdown box and
Surveys/Planner graphics WILL NOT be updated (navigation/dataload is faster without updating
Surveys/Planner graphics; click 'Refresh' respectively to update graphics)

~ 4
TR Tips

e ParamTuner is the interactive geosteering screen in SES where Type Log data is
displayed with other data from the horizontal well being drilled. Frequently, initial Type
Log (e.g., Gamma) data come from a vertical well in the vicinity of the horizontal well and
the data are imported from an LAS format file that contains data for the entire vertical
well. In many cases the depth range covered is far more than what is needed for
technical geosteering and as a result the “shallow” data creates unneeded overhead
through larger-than-necessary array sizes. ParamTuner performance may be enhanced
if such non-needed data are deleted from SES or never imported in the first place. Three
common methods to address this concept are discussed below:

1. After loading (e.g., LAS file importing) the full Type Log dataset into Type Log
screen of SES, use 'delete unneeded Type Log data...' toolbar button to open a
wizard to help remove unnecessary data.

2. After loading the full Type Log dataset into Type Log screen of SES, manually
select and then delete the non-needed (e.g., shallow) depth data. In some cases
clicking to a different Type Log # and then back—or selecting a different well and
then returning—may be required to “clean-up” or otherwise Refresh the
screen/table.
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3.

If using the LAS file importer, non-
needed rows of data can be
selected and deleted from within
the viewer window (see adjacent
picture showing data selection
just prior to pressing delete key)
prior to importing the data. This
action will not affect the source

LAS file data.

e Cross-sections in SES can include up to
five stacked beds above and five stacked

beds below the primary payzone. Type
Log screen is often helpful to determine
what those offset beds thicknesses
should be if the color scheme also has
some sort of stratigraphic reference.

Import 3rd-Party Data File

LAS Format |

LAS File
Loaded

LAS File
Content
# Lines

1,072

Farmat
[lal}

Import TYPE LOG #2

CiDocuments and Settingsimskaner, QUESTALDeskkopl SESINance! Se
#5-7HL 3305301 4430000 _Density _Meutron,las

|

ENDTRACK:
<DesclLogPlotEnd-
~& DEPTH GR

G803.000 5.98734700
8903.500 5.7&374433

CURYES IN LAS FILE

MAPPING INTO SE

DEFT (FT}
R (GAPI)

Depth in Fest
Garnma Ray

Select Curve--= DEPT (FT)

Select Curve--= GR (GAPT)

Entering a comment in the ‘Note/Zone’ column at a particular depth will produce an
annotated horizontal line on Type Log graph. Moving the mouse over the graph and
observing the cursor tracking coordinates may further assist with determining desired
stacked bed thicknesses for input on Geosteer screen (Tab View - Bed Thickness &

Color tab).

e ParamTuner screen (‘Camera’ toolbar button) may be used to create a Type Log derived
from select 3DSBs of an analyst's interpretation. If performed, the derived type log
dataset will appear on Type Log screen with the next incremental type log ID number.
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SES Screen — LWD

(D) SES - [SE Demo v4 #4 (Geosteer)] =] x|

File Window Help =1=| ZI‘
. Units | Surface X | Surface ¥ | Surface 2 | Notes [ Field | Project | Analyst |[AnalystCompal
x | j*| B '?l Active Well > | SE Demo v4 #4 (Geosteer = | [ [reet another example wisidetrack | Stoneman Demonstration | Mike Stoner Stoner Engineerin 75
Ll »
Sunseys | F’Iannerl Typelog WD | Gensteerl THD Technnlngy' Cross-Sactions |
LWD - Logging While Drilling Geologic Correlation Data from Current Well and associated Survey
B’“'b*'ﬂ(' [& @'-ﬂ'hg' Interpalate SURVE\‘l [T auto Re-interp, Survey [ Flob GRID. ‘
LWD Data and Calculated Minimum Curvature Interpolated Coordinates
H LWD 2 Comment  [Sidstrack #1 | Curves [1 =] sorvey| 2 -]
Curve | [GAMMA = || Curve 2 | curvez | curwe B2 |
Divisor Divisor| Ehl| Divisor @al|  Divisor (75
MinfHax| i Wiy Miifax]
Scale] hnEal]
[ const1 [ constz ||[ Consti [ Comstz ||[ Comsti | comstz ||[ Comstl | Comste |
52 s&Jﬁlﬁll_lﬁl_lﬁH_l@I_l_ll_lﬁl_l_l
MD | GAMMA | Mote |-| Inc [ Az | | | wD | DS | Werts |
L 13320 10.22 89,24 297.10/ 1258.38 -2296,33 10744.31 1.55  2618.20
| 13321 10.33 89.26 297.10 125884 -2297.25 10744.32 155 2819.19
L] 1332 10.72 §9.27 29710/ 1259.29 -2295.17 10744.33 1.55  2620.13
| 13323 10.61 89,29 297.10  1259.75 -2299.06 10744.35 155 2p21.18
L] 1334 1107 §9.30 29710/ 1260.20 -2299.95 10744.36 1.55  z622.13
| 13325 13.14 g9.32 297,10 1260.66) -2300.84 1074437 155 2p23.19
| 13326 13.14 89.33 297,10 1261.11 -2301.73 10744.33 1,55 2824.19
L] 1337 12 89,35 29710/ 126157 -2302.62 10744.39 1.55 262519
| 13328 14 89,36 297,10 126202 -230351 10744.40 155 2826.19
] 13329 13 89,35 297.10) 1262.43 -2304.40 10744.42 1.55  z627.13
| 13330 1291 89,39 297.10  1262.94) -2305.30 10744.43 155 2p28.18
L] 1333 11 §9.41 29710/ 126339 -2306.19 10744.44 1.55  2629.18
| 13332 10,22 89,43 297,10 126385 -2307.08 10744.45 1,55 2p30.18
L] 1333 10.54 §9.44 29710/ 126430 -2307.97 10744.46 1.55 263118
Tl 13334 1122 89,46 297.10) 1264.76 -2308.86 10744.47 1.55  2632.18
»
Record: 14| <[] 2765 b | b |r#] of z7es
Refr’esh COD!" BNt [ #1 [ Stack Curves [ Apply Min/dax b Auto Rescale
[ ws. Vertical Section b Show Constants bl Apply Log10
—— GAMMA
200
180
180
140
4120
éwu
a0
60
40
20
At P b ey,
#
11000 11500 12000 12500 13000
MEASURED DEPTH
[may help ParamTuner with Type Log | LD data scaling issues; in NORMALIZE mode, Ratio is plotted (e.g., Gamma Yalue / Divisor = Ratioy 0 I | [ |

General

Any MD-tagged data used to Geosteer or to be viewed on Cross-Sections constitute "Logging
While Drilling" (LWD) data. The survey interpolation method is minimum curvature.

LWD screen can be used to:

1.) Input LWD data (e.g., Gamma, High-Side Gamma, Total Gas, ROP, Casing Pressure, etc.)
using keypunch, pasting from Excel, or by import from a file in LAS format.

2.) Associate an LWD data set to a directional survey.

3.) Interpolate associated directional survey at LWD MDs for Cartesian coordinates and
wellbore angles, for use when Geosteering.

4.) Manage and navigate multiple LWD data sets from the current well (e.g., multiple
wellbores/sidetracks).
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5.) Designate each curve name of each LWD data set (up to four curves per data set).

6.) Designate a 'Divisor' value for each curve (used with Ratio-Normalization when
Geosteering).

7.) Plot LWD curve data versus MD or Vertical Section.
8.) Print the graph on any system printer (including Adobe/PDF).
9.) Copy the graph for paste into another application.

10.) Zoom a section of graph by dragging a window with the mouse within the graph; then pan
by clicking the scroll bars or zoom again.

11.) Change a variety of graph properties (including full screen mode / maximize) by right-
clicking over the graph and using the shortcut menu.

12.) Overlay LWD data curves when multiple curve data are present.
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13.) Stack LWD data curves and set relative proportion when multiple curve data are present.
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14.) Navigate to a data point in the table by clicking a graph data 'ﬁ'l "*l ml | Ell ? | ‘
point while the graph is zoomed. :

1 LD Data and Caloulz
15.) Set LWD curve Min, Max, Color, and linear/log scale format. LWD 2 Comment |:
(See adjacent picture)

curve 1
16.) Set up to two constant values and their colors, for graphing in Rhisil 45 H
LWD, ParamTuner, and Cross-Sections. (See next picture) Min/Max|  20}f

Scale[] [linear]
Conskt 1 Caonsk 2

33
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17.) Select which available data curve(s) to graph.

Critical

1.) Each LWD data set must be correctly associated with a directional survey in the header
portion of LWD screen.

2.) If directional data are changed, click 'Interpolate Survey' or press F6 to refresh the survey
interpolation at LWD MDs.

3.) If well units are changed, re-calculate.

4.) If your computer does not respond to keyboard typing, make all graphs NOT have the focus
(magenta outline) by 'clicking-away.' This is a Microsoft bust
(http://support.microsoft.com/kb/210608/en-us).

HOT KEYS
F6 - same as clicking LWD toolbar button 'Interpolate Survey'

CTRL - hold down Control key while selecting a different Well from the dropdown box and
Surveys/Planner graphics WILL NOT be updated (navigation/dataload is faster without updating
Surveys/Planner graphics; click 'Refresh’' respectively to update graphics)

\””,w
m']ﬁ’Tms

¢ During live geosteering operations, typical bottom-hole assembly configurations are such
that (for example) the gamma tool is closer to the drill bit than is the survey tool, and
thus, gamma data will lead survey data. In order to use gamma data while geosteering
with SES, a spatial location from where the gamma signal was measured is required.
Therefore, in some cases, it might be necessary to first provide a directional survey
station estimate (e.g., at current TD) in order to fully use all available gamma data. Such
estimate could be quite different during the landing than during the horizontal section, to
account for significantly different/intentional anticipated build and or turn gradients.
Consulting with the directional driller is recommended for angle estimations at TD.
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LWD screen can easily be used to create Type Log data from a directional offset well or
pilot hole. The first steps would be to load the directional survey and LWD data and
interpolate the directional survey from LWD screen. Then simply copy the appropriate
LWD TVD column and treat it as StratDepth with respect to an SES Type Log and paste
it. Next, the LWD formation evaluation signal—gamma ray for example—would be
copied from LWD screen and pasted onto an appropriate data column (Curve) on Type
Log screen. This method is acceptable in a geologic area with low regional bed dip
(<10°). If significant regional bed dip occurs in the offset or pilot well, an additional
geometric correction may be necessary.

Navigating in order to “clean” erroneous data from LWD is easy. Simply click and drag a
window near the suspect data to “zoom” and then click a data point and the table
selection will automatically move to the clicked data point. Manual data editing may then
commence. An alternative method to manage suspect data is to enter LWD curve
minimum and maximum values, for select application in ParamTuner and Cross-
sections.

LWD curve color and properties (e.g., min, max, scale format) that are set from LWD
screen are also applied in ParamTuner and Cross-sections if applicable.
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SES Screen — GEOSTEER

G) SES - [SE Demo v4 #3 (Geosteer)]

=151
JSETE|

|| units | surface X | Surface¥ | Surfacez | Notes | Field | Zpatum Map Zone GL Project | Analf
x | Bl¢| Fa| B Active Well -> |SE Demo v4 #3 (Geosteer ~ | B [Feet 3974411 7621327 362 Major 30 well  Stoneman KB uTHM 340 Demonstration  Mike stir‘
< |

3

File window Help

.Surveysl P\annerl Type Lugl L&D Geosteer |THD TEEhmD\Dgy' Cms?Se:ﬂuns'
Geologic Stratigraphy Interpretation (T¥D G ing)

i’“l b*lml [&] ® | %ll g| Interpolate SURVEY | ™ Auto Re-interp. Survey [ Flar GRID. |
A Marker Bed is comprised of multiple 3DStratBlocks and represents an Interpretation
° Marker Bed 2 Comment: [ST#1, Interp. #1 | wwo[ 2 -] survey| 2 -]
& Tabwiew Twﬂ Type[lop | SDtoTarget| 1] Plan| 1]

»
aDstratBlock #  Parameters | RsD Tracks | Other | Bed Thickness & Color | skatch | T B
‘ N
13818 MD to Start using this 3DStratBlock (D6l-Click to Calibrate)
13987 MD ta Stop using this 3DStratBlock (D5-Click to Calibrat=)

1 1

2 2 Parameters that mathematically define the PAYZONE 3DStratBlack

3 3 13819] MD (Dbl-Click to interpalate EASTING & NORTHING below)

+ 4 £804.2| TWD (Dbl-Click to calculate from prior Block)

Dip (deqress) (Dhl-Click to Calibrats)

O [Fastload] ™ q| oip saimuth (degrees) (05 Click b Calbrate)

(1000 -]

o = SES-dstemined D ShatBlock Parameters  DeFault lsngth of

EASTING HORTHING Strike new 30StratBlock

paramTuner | | -1226.21 | -4268.60 | 27000 || 100

1 & Marker Bed is comprised of multiple 3DStratBlocks and represents an Interpretation

Marker Bed 2 Camment  |ST#1, Interp. #1 | LwD| 2 | Survey| 2 -]
@ Tahwiew © Tableview | T';.:'pe SD ko Target Plan
b 30StratBlock #

_- Parameters RS0 Tracks IOther | Bed Thickness & Color | Sketch |

Type Log RSD "Height" Range (Axis Limits) on ParamTuner screen
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= = —— ——
ﬁ’.‘:l Hel M| ||ﬁ| B | %Ll g| Interpolate SURVEY | [T AutoRe-interp. Survey [ Flob GRID
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= Marker Bed 2 Camment  (ST#1, Interp. #1 | LwD| 2 | Survey| 2 -]
& Tab Wiew  Table Yiew i T';.-'pe oD ko Target Plan| 1 -]
»

3DstratBlock #  Parameters | psh Tracks | Other | Bed Thickness & Colar | Sketch |

[Curve # |Others| | 13519] MD to Start using this S0StratBlack (DE-Click to Calibrate)

1 1 13987| MD ko Stop using this 303StratBlock (Dbl-Click to Calibrake)
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3 3

4 4

13819 MD (Dbl-Click ko interpolate EASTIMG & MORTHIMG below)
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1000 - |
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< ParamTunar -1226.21 -4263.60 270.00 || 1oof

Record:

4 Hl|k#| of 75
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SES Screen — GEOSTEER (continued)

G) SES - [SE Demo v4 #3 (Geosteer)] =18 x
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General

A "Marker Bed" data set is a collection of 3DStratBlocks and collectively defines one
interpretation. Each 3DStratBlock is a planar surface that defines the geologic marker top (or
base) over a finite MD range of the associated survey. "Geosteering" involves determining the
3DsStratBlock extents and orientation, such that LWD data is sufficiently mapped onto the type
log using Relative Stratigraphic Depth (RSD). RSD is the minimum distance to the 3DStratBlock
from the wellbore location and then also RSD is given in the form of a type log and thus
calibration resolves the differences.

GEOSTEER screen can be used to:

1.) Manage and navigate multiple "Marker Bed" data sets (interpretations) of the current well.
Supports multiple geologic interpretations and/or multiple wellbores/sidetracks.

2.) Load ParamTuner screen, which is used to visually calibrate/tune the parameters of a
3DStratBlock of the selected ‘Marker Bed'...THIS IS GEOSTEERING!

3.) Select an LWD data set and associated directional survey to geosteer using ParamTuner.
4.) Designate whether the ‘Marker Bed’ is a formation top or a formation base.

5.) Designate the stratigraphic depth difference from the marker (i.e., where RSD=0) to the
TARGET location of the actual wellbore (positive value is deeper/below; negative value is
shallower/above).

6.) Designate an associated well plan that may optionally be displayed in ParamTuner.

7.) Enter individual 3DStratBlock parameter values, such as MD ranges and control point
properties including MD, TVD, True Dip, and True Dip Direction Azimuth.

8.) Navigate and or set 3DStratBlock parameter values using Tab View or Table View display
format.

9.) Set which primary Type Log & LWD curve to load in ParamTuner (Curve 1 is most common
and the default). OTHER curves may be posted in-addition (set in Tab View).

10.) Interpolate the associated directional survey at the Marker Bed control point MD to thereby
determine the control point Northing and Easting coordinate values.

11.) Set the name, thickness, and color of the 'PAYZONE Marker Bed' and same for up to +/-5
offset layers, for full-well cross-section generation using 'Cross-Sections' screen and for RSD
log strip display in ParamTuner.

12.) Import/copy/transfer 3DSB properties (thicknesses, colors, names of payzone and offset
layers) from any other Marker Bed in SESdata to current Marker Bed.

13.) Create the next 3DStratBlock at the end of the last 3DStratBlock by double-clicking
MD_End of the ‘new record’ row (last row in table; row with asterisk if row not selected).
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14.) Automatically search for and insert 3DStratBlocks into MD 'gaps' using the insert button in
the header portion of Geosteer screen.

15.) Set the DEFAULT length of new 3DStratBlocks.

16.) Set ParamTuner to operate in FastLoad mode, where user-set-depth range of 3DSB/LWD
data relative to the active 3DSB MD are loaded instead of all such data (helpful for
interpretations with many 3DSBSs).

17.) Let SES try to guess the parameters of the first 3DSB (#0) of a new interpretation, in order
to get ParamTuner opened for initial/first-3DSB calibration. (Simply click ‘ParamTuner’ for a
Marker Bed with no 3DSBs yet defined.)

Critical

1.) LWD and Survey data sets must be associated to a "Marker Bed" by making the designation
in the header portion of Geosteer screen.

2.) From Geosteer tab view click ‘ParamTuner’ with a brand new (i.e., empty) interpretation
(Marker Bed) and SES will try to guess the parameters of the first 3DSB in order to GET
STARTED geosteering with ParamTuner.

3.) It is recommended practice to make the control point MD equal to MDstart.

4.) A control point appears on the TVD vs. MD plot on ParamTuner screen as a black dot
symbol and LWD data that fall within the current 3DStratBlock MD range is colored magenta.

5.) If your computer does not respond to keyboard typing, make all graphs NOT have the focus

(magenta outline) by 'clicking-away.' This is a Microsoft bust
(http://support.microsoft.com/kb/210608/en-us).

HOT KEYS
Dbl-Click MD - interpolates survey at MD to get control point Easting and Northing coordinates

Dbl-Click TVD - determines control point TVD, to start exactly at end of prior 3DStratBlock
Dbl-Click MDend - creates new/next 3DStratBlock by adding default length to MDstart, using
MDstart as control point MD, interpolates survey, determines control point TVD from end of prior

3DStratBlock, and loads new 3DStratBlock in ParamTuner

Dbl-Click Block#, MDstart, Dip, or Dip Azimuth - loads respective 3DStratBlock as ACTIVE in
ParamTuner

F6 - same as clicking Geosteer toolbar button 'Interpolate Survey'
CTRL - hold down Control key while selecting a different Well from the dropdown box and

Surveys/Planner graphics WILL NOT be updated (navigation/dataload is faster without updating
Surveys/Planner graphics; click 'Refresh’' respectively to update graphics)
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SES Screen — GEOSTEER — ParamTuner

Iéj SES - [ParamTuner: MB#2, 3DSBE#55 (SE Demo v4 #3 (Geosteer))]
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Parameter Tuner (ParamTuner) is used to "Land" and Geosteer a horizontal well by
3DsStratBlock (3DSB) calibration/tuning. LWD data from the horizontal well are mapped onto a
Type Log "expected" profile from offset penetration. ALSO see Geosteer screen help for more
information as these screens are coupled. ParamTuner is opened from Geosteer screen.
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ParamTuner screen can be used to:

1.) Calibrate the mathematical parameters that define each 3DStratBlock within an
interpretation.

2.) Observe relative stratigraphic progression into and within the geologic Type Log sequence.

3.) Define 3DStratBlock MD extents (well path interval over which beds are acting with
associated planar properties).

4.) Change 3DSB parameter values by clicking or clicking and holding associated spin buttons
(amplification applied if CTRL key also simultaneously pressed).

5.) Instantaneously observe how 3DSB parameters True Dip, True Dip Direction Azimuth, and
control point TVD alter the mapping of LWD data onto a Type Curve using Relative Stratigraphic
Depth (RSD). RSD is the minimum 3D distance from the location of LWD signal along the well
path to the 3DStratBlock.

6.) Change MD_Start by dragging vertical line labeled ‘START’ on the cross-section to a new
location (control point MD/Northing/Easting is also automatically changed).

7.) Change MD_End by dragging vertical line labeled ‘END’ on the cross-section to a new
location.

8.) Change TVD by dragging horizontal line labeled ‘START | TVD’ on inner/right RSD track to a
new location.

9.) Change Dip/DipAzi by dragging horizontal line labeled ‘END | DIP’ on inner RSD track to a
new location.

10.) Experiment with changing 3DSB parameter values and then restore the original/last-saved
values by clicking 'Undo' toolbar button.

11)) Set the 'PAYZONE Marker Bed' thickness (i.e., the 3DStratBlock thickness); stored by
3DSB.

12.) Plot LWD data on RSD tracks in Normalize Mode (ratios are plotted, i.e.,
LWD_Value/LWD_Divisor and TypeLog Value/TypeLog_Value@RSD=0) ; stored by 3DSB.

13.) Modify LWD_Divisor by clicking ‘Filter’ toolbar button and entering new value.
14.) Observe color-coded LWD signal / RSD mapping for ACTIVE and nearby 3DStratBlocks.

15.) Set RSD track min/max axes limits using respective drop-down boxes or by
dragging/panning tracks directly, to preserve by 3DSB the data view at time of calibration.

16.) Override auto LWD_Value axes limits and force each respective track to inherit LWD-
configured min/max/log settings; stored by 3DSB.

17.) Post LWD-configured constant value lines on LWD_Value vs. MD track; stored by 3DSB.
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18.) Re-Load ParamTuner screen, which resets/recalculates default view properties and
manifests changes made from other SES screens, by clicking 'Exclamation Point' toolbar button.
19.) Add/append a new 3DStratBlock by clicking ‘Append’ toolbar button.

20.) Post offset 3DStratBlock parameters True Dip and True Dip Direction Azimuth as
annotation labels in TVD vs. MD cross-section; stored by 3DSB.

21.) Set which 3DStratBlock is ACTIVE by toolbar drop-down box selection OR by double-
clicking 3DSB# annotation label in TVD vs. MD cross-section.

22.) Delete the ACTIVE 3DStratBlock (existing 3DSBs are automatically renumbered).

23.) Insert a 3DStratBlock between existing 3DSBs to fill 'gaps' by clicking 'Insert' toolbar button
(existing 3DSBs are automatically renumbered).

24.) Create a "Derived" Type Log (typically after coming-into and through the landing) based on
select 3DStratBlocks (click 'Camera’ toolbar button to load wizard).

25.) Disable display of the type log(s) set to 'Use in ParamTuner' (Type Log screen); stored by
3DSB.

26.) Scroll back-and-forth through TVD|LWD vs. MD graphs by using mouse wheel or scroll
bars.

27.) Isolate RSD signal mapping from active 3DSB only ('"AO' checkbox); no offset colored data.
28.) Post RSD signal mapping from ALL 3DSBs ('ALL' checkbox).

29.) Add curve called *4+’, which statistically smoothes ALL prior RSD-mapped data and posts a
single curve on RSD tracks; essentially an evolving derived type log; stored by 3DSB.

30.) Set general line thicknesses; stored by 3DSB.

31.) Post the associated well plan on TVD vs. MD cross-section (requires calculated THD);
stored by 3DSB.

32.) Post survey callouts (MD/Inc/Azi/DLS/TVD/VS) at survey stations ('SC' checkbox).

33.) Set a custom zoom size by dragging a horizontal window over the TVD vs. MD cross-
section graph. Repeated zooming is supported.

34.) Zoom-out completely or Restore Initial Zoom from last load by right-clicking the TVD vs. MD
cross-section and using the short-cut menu.

35.) Change a variety of graph properties (including full screen mode / maximize) by right-
clicking over the graph and using the shortcut menu.

36.) Right-click a graph and Export to Print or Copy.
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37.) Plot multiple secondary LWD_Value curves (e.g., resistivity, TG, ROP, casing pressure,
flare height, high-side gamma, low-side gamma, etc.) in lower track graph by selecting such
'Other' curves from Geosteer screen, Tab View.

Critical

1.) ParamTuner is used in conjunction with Geosteer screen and is opened from Geosteer by
double-clicking a 3DSB# or by clicking ParamTuner button in tab view.

2.) Unlike elsewhere in SES, with ParamTuner you must click the 'Save' toolbar button in order
to save changes to the database. This facilitates experimentation, which frequently is needed
during calibration.

3.) A control point appears on the TVD vs. MD plot as a black dot and LWD data that fall within
the ACTIVE/current 3DStratBlock MD range are colored magenta.

HOT KEYS

Dip Direction Azimuth — double-click and its value will 'flip' 180 degrees. For example, if its value
is 45 degrees, double-clicking would change its value to 225. This dip-direction-reversal need
will naturally occur when the Dip is tuned to zero and “more” is needed.

TVD - double-click to change its value to 'snap' to the end of the prior 3DSB.
MD_End - double-click to change its value to 'snap' to current TD.

CTRL — all spin buttons operate at 10x to 50x while the CTRL button is held down. You may
click and hold the spin button down with the mouse while simultaneously you may also toggle
holding down the CTRL button.

ALT+TAB —is a convenient Windows keystroke combination to quickly toggle between open
windows, e.g., Geosteer and ParamTuner. Press ALT key, then TAB key, and then release

these keys to return to the respective window. (NOTE: In some versions of Microsoft Office,
ALT+TAB behavior has been changed to CTRL+F6, unfortunately)

~{ 4
TR Tips

o If technical geosteering is new for you, it is recommended to first analyze an historical
horizontal well or multiple such wells before applying SES geosteering to live horizontal
drilling operations. In addition to climbing the software learning curve and not being
burdened with data lag issues inherent to live operations, ‘practicing’ will introduce you
to the geologic features that are present in your field that without technical geosteering
software analysis were likely not fully appreciated.

e The typical minimum data required to apply SES technical geosteering are the
directional survey, the type log gamma signal from an offset/pilot vertical well, and the
gamma signal from the horizontal well.

¢ The horizontal wellbore (including the build section) penetrates the reservoir in a unique
location that is different than the type log location! As a result, bed thicknesses and
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dependable geologic marker depths may vary and in some cases 'fake faults' and or
non-realistic dips may be necessary to process the signal coming into the landing. After
landing, a constant payzone thickness is most commonly assumed.

e SES technical geosteering does not have variable-dip-calibration application until the
wellbore at the start of the 3DSB is significantly inclined (e.g., in excess of 30 degrees).
Before significant wellbore inclination is attained, TVD should be adjusted to map signal
onto the type log and dip should be left at zero or regional average.

e Itis possible while geosteering to reach data analysis conditions where multiple different
interpretations are equally likely; at least (perhaps) until some other signal signature is
evidenced later in the wellbore. SES by design is setup to easily handle management of
multiple simultaneous interpretations (Marker Beds). The Geosteer ‘Add’ (asterisk)
toolbar button allows an existing interpretation to be copied for subsequent alternative
tuning/calibration.

e ParamTuner displays RSD and cross-section geosteering domains.

e See

e GEOSTEERING ANALYST'S TRADE SECRETS for more important information.
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SES Screen — THD TECHNOLOGY

ES - [SE Demo v4 #3 (Geosteer)] =] x|
File window Help =] 5||
1] Surface X | Surface ¥ | Surface2 | Notes | Field | 2patum | Map?Zone | GL [ Project | Anak
x| jle| & B Active Well-> [SE Demo w4 #3 (Geosteer ~ ﬁ 974411 7821327 362 | Major 30 well | Stoneman KE uTh 340 Demonstration | Mike Stort
4| | »
Surveys | Planner | Type Log| LWD | Geosteer THD Technology | Cross-Sections |
wellbore Navigation Assistance - Technical Hole Deviation {THD) & Fuzzy Drilling Direction Controller (FDDC)
D"‘|n|m| Iﬁl ?|%l|@| Calculate THD | = 4uto Recompute THD) I Plot GRID: |
[Survey [Plan_|[THD, THD Logs, & FODC Steering Guidance *#Denotes Planned Yalue
1 T
e Ry R
MD | AHigh/Low Side | ARight/LeftSide [-| ¥D |RCYD| 1D [RCID [-[ HD [RCHD | AD [RCAD[-| Inc | Inc* | Azi | Azi* | TvD | TWD* | N | N* o
[ | 10794.00 TowardsDROP10% TowardsLEFTS0% - 227 22 088 2.5 - 926 -0 042 0.8 - 85,99 9,87 13051 18093 676328 6765.55 -1242.40 -1242.55
[ | 10926.00 TowsardsBUILD40% TowardsLEFT 10% - 175 -16  -0.97  -0.3- 681 -4 21| 2.5 - 88,90  §9.87) 17372 18093 676347 6765.62 -1274.40 -1274.54
| 10887.00 | TowardsDROP30% TowardsLEFT30% - -371 -89 298  64- 776 -1 77 0.7 - 8502 8504 18016 18093 676551 676182 -1335.38 -1335.82
[ | 10925.00 TowardsDROPS0% TowardsLEFT20% - -159 51 28l  -04- 719  -13 77 0.0 - 67.85| 8504 18016 18093 6767.02 6765.45 -1377.35 -1377.60
(| 10981.00 TowardsDROP20% TowardsLEFT10% - 0,43 40 219 -1.2- 641 15 095 0.3 - 8555 86,35 17998 18093 676365 6769.16 -1429.32 -1429.39
[ | 11013.00 TowardsBUILD 10% TowardsLEFT80% - 107 18 0.05  -67- 674 10 213 9.5- §9.16) 89,11 13305 18093 676929 77037 -1961.30 -1461,39
[ | 11044.00 TowardsBULDE0% TowardsLEFT70% - 070, -12 071 -25-  &01 41 25  Ld4- §9.25| 89,95 13350 18093 676972 E770.42 -1992.25 -1492.3%
|| 11074.00 TowardsBUILD 70% TowardsLEFT70% - 0,26 -15  -0.97 -0.9- 940 46 274  0.6- 85,99 89,95 18367 18093 677019 6770.44 -1522.18 -1522.34
] 1s7.00 NOCHANGE  TowardsLEFT90% - -0.68 -0 -0.18  0.8- 1513 62 433  17- §9.75) 89,95 18526 18093 677118 770,51 -1614.89 -1615.14
[ ] 11261.00 TowardsBUILD90% TowardsLEFT90% - -2.36  -18  -16l  -1.5- 2252 79 0.4 - §9.08| 90,68 18561 18093 677212 6769.75 -1708.46 -1708.80
| 11292.00 Towards BUILD 100%  Towards LEFT90% - -%30  -31 -85 -0.9- 2507 83 0.3- 88,51 90,68 13569 18093 677269 769,38 -1739.31 -1739.68
[ ] 11353.00 TowardsBUILD 0% Towards LEFT 100% - -460  -21 056 2.2~ 3032 86 06 - 90,13 90,68 13605 18093 677325 6768.55 -1799.98 -1800.42
[ | 11447.00 | TowardsDROP20% TowardsLEFT90% - -0.27 46 0.27 0.3~ 3828 85 0.6 - §9.3¢| 3961 13552 18093 677369 677342 -1393.50 -1894.13
[ | 11540.00 TowardsBUILD90% TowardsLEFT90% - -143 -1z -115  -0.8- 4579 6l 0.1- 85,46 8961 18561 18093 677547 6774.05 -1986.05 -1986.80
[ ]| 11633.00 TowardsBUILD60% TowardsLEFT8&0% - -279  -15 053 0.7- 5287 76 0.7 - 89,05 8961 18498 18093 677747 677486 -2076.63 -2079.50
| 11726.00 | TowardsDROP 10%  Towards LEFT 80%. - -2.33 s 090 15- 5861 62 11 - §9.43 8553 18394 18093 677868 6776.37 -2171.34 -2172.35
[ | 11772.00 TowardsDROPS0% TowardsLEFT40% - -1.57 16 099  0.2- 6018 34 4.6 - §9.52| 8853 181,83 18093 677910 E€777.55 -2217.27 -2218.29
| 11919.00 TowardsDROPS0% TowardsLEFT€0% - -0.76 17 0,99  0.0- 6088 15 0.2 - §9.52| 8853 18174 18093 677949 677876 -2264.25 -2265.26
[ | 11912.00 Towards BUILD 60%  Towards LEFT 80% - -0.45 3 032 -l4- G2E8 19 07 - §9.25) 6957 18235 18093 676049 6780.02 -2357.16 -2350.20
| 12004.00 | TowardsDROPBO0% TowardsLEFT20% - 142 21 021 0.6- 6328 & 2.3 - §9.75| 8957 18025 180,93 675127 676288 -2449.15 -2450.17
[ | 12097.00 TowardsBUILD 20% TowardsLEFT30% - 119 -2 049  -0.8- 6189  -15 0.4 - 89,05 8957 17988 180,93 675220 6763.33 -2542.15 -2543.14
[ | 12190.00 | TowardsDROP30% TowardsLEFT20% - 0,89 -3 012 0.7 - 5948 -2 0.8 - §9.69) 8957 17301 18093 678319 678409 -2635.14 -2636.09
[ | 12284.00 TowardsBULDS0% TowardsLEFT 10% - 051 -4 058 -0.7- 5583 -39 0.6 - 85,99 8957 17840 18093 678428 678479 -2729.10 -2730.01
[ | 12377.00 TowardsBULDS0% TowardsLEFT20% - -0.50  -11  -0.67  -0.1 - 5237 37 03 - 85,90 8957 17819 18093 678599 6785.40 -2822.07 -2822.92
|| 12471.00 TowardsBUILD 10% TowardsLEFT 10% - -1.10, -6 -0.05  0.7- 4901 -3 0.7 - §9.52) 8957 17857 18093 678728 6786.20 -2916.04 -2916.84
|| 12565.00 | TowardsDROP70% Towards LEFT 40%. - -0.24 9 108 1.2- 4628 29 1.5 - o066 8957 17998 18093 678714 678650 -3010.03 -3010.78
| 12e59.00 NOCHANGE  TowardsLEFT 10% - 0,68 10 003  -1.1- 4373  -27 BEIR 89,60 8957 17875 18093 678693 6787.61 -3104.02 -3104.72
[ | 12753.00 TowardsBUILD 80% Towards RIGHT 20% - -0.35  -11  -1.28  -1.4- 3901 -50 15 - 85,29 8957 177,35 18093 6783.66 6785.31 -3197.94 -3198.58
[ | 12846.00 TowardsBUILD90%  Towards LEFT 10% - 236 22 -1.20 01 - 3433  -50 1.5 - 88,37 8957 17875 18093 679137 678901 -3290.85 -3291.42
[ | 12939.00 TowardsBUILD30% TowardsLEFT20% - -352  -12 0.23  1.0- 3123 -33 06 - §9.3¢| 8957 17928 18093 679322 78971 -3383.81 -3384.3%
|| 13033.00 TowardsBUILD90% TowardsLEFT30% - -441 -5 085  -0.7- 2873 -27 0.3 85,72 8957 17954 18093 679482 679041 -3477.80 -3476.29
[ | 13126.00 TowardsBUILDE0% TowardsLEFT 10% - -5.50 -1z 049  04- 2581  -30 -0.8 - 89,05 8957 17884 18093 679660 6791.11 -3570.77 -357L.23
[ | 13157.00 TowardsBUILD 70% TowardsLEFT30% - 576 -9 049  0.0- 2488  -33 1.1- §9.08| 8957 17919 180,93 679710/ 679134 -3601.76 -3602.21 )
[ ] 13188.00 TowardsBUILDS0% TowardsLEFT30% - 601 -8 041 0.3- 2403 -27 1.1- §9.16) 8957 17354 180,93 679758 791,57 -3632.75 -3633.19
[ | 13219.00 TowardsBULDE0% TowardsLEFT20% - 623 -7 041 0.0- 2321 -27 0.8 - §9.16| 8957 173,28 18093 6798.03 679181 -3663.75 -3664.17
[ | 13313.00 MO CHANGE|  Towards LEFT 30% - -5.82 4 091 14- 2088 25 05 - 90,48 8957 17372 180,93 679633 679251 -3TSR.74 -3756.02
| 13406.00 | TowardsDROPS0% TowardsLEFT40% - -412 18 118 0.3- 1918 -1 0.4 - 90,75 89,57  180.07 180,93 679733 6793.21 -3850.74 -3851.08
| 13500.00 TowardsBUILD B0%  Towards LEFT 60%. - -3.99 1o-L02 -23- 1849 T 0.8 - 85,55 89,57 18095 180,93 679790 679391 -3944.72 -3945.05
| 13594.00 Towards BUILD 100%  Towards LEFT40% - 646 26 -1.99  -1.0- 1785 & 0.7 - §7.55| 8957 130,25 18093 680108 794,52 -4038.66 -4039.00
[ | 13688.00 TowardsBUILDS0% Towards LEFT40% - 835 20 -0.32 18- 1676  -13 0.1 - §9.25| 8957 13016 18093 680367 6795.32 -4132.62 -4132.96
[ | 13782.00 TowardsBUILD90% TowardsLEFT30% - 924 -8 076 -0.5- 1489 -19 0.7 - 88,31 3957 17354 18093 680527 6796.03 -4226.61 -4226.92
|| 13876.00 TowardsBUILD 20% TowardsLEFT40% - -9.33 -1 065  1.5- 1315  -20 06 - o0.zz| 8957  180.07 180,93 680606 679673 -4320.60 -4320.89
13969.00 Towards BUILD 60%  Towards LEFT 30% - -8.92 4 014 05- 1132 20 0.6 - §9.43 8957 17954 18093 680635 679743 -4413.60 -4413.85
Towards BUILD 60%  TowardsLEFT30% - -9.11 -3 -0.23  -0.1-  9.84  -24 0.0 - 89.3¢ 8957 179.5¢ 180.53 68700 6797.03 -4474.60 447482
Recor 133 | vi[r#] of 133 ki | 2
system units A T

General

Technical Hole Deviation (THD) mathematically describes spatial differences between actual
and planned well paths. Steering Guidance is calculated using THD. 'THD Logs' present THD in
a log format.

THD TECHNOLOGY screen can be used to:

1.) Calculate THD, including for well paths where planned TVD and inclination are driven by
Geosteering.

2.) Calculate Steering Guidance using the patented Fuzzy Logic Drilling Direction Controller
(FDDC).

3.) Create THD Logs by opening "THD Logs & Directional Plots' screen.

4.) Navigate multiple combinations of Surveys and Plans for which THD may be calculated.
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5.) Designate a "Marker Bed" when THD via Geosteering is desired; here, the respective Plan
governs planned North, East, and Azimuth while the geosteered 3DStratBlocks govern planned
TVD and Inclination.

6.) Use THD Logs and FDDC Steering Guidance to assist rationale behind directional tool
setting adjustments and frequency and duration of drilling modes.

Critical

1)) If directional survey, plan, or Marker Bed (if applicable) data change, click 'Calculate THD' or
press F6 to refresh the calculation.

2.) If creating a THD Log using a Marker Bed to determine planned TVD and Inclination, only
THD at depths below the start of the first 3DStratBlock are calculated and/or graphed.

3.) If the checkbox next to 'Use Marker Bed for Planned TVD' is not checked, the THD shown
represents the selected survey against the selected geometric plan.

4.)) If a different Marker Bed is selected from the dropdown box, then click ‘Calculate THD' or
press F6 to refresh the calculation.

5.) The Printing options from the "THD Logs & Directional Plots' screen apply to the system
default printer (including Adobe/PDF). To change your system default printer, use Windows
Control Panel.

HOT KEYS
F6 - same as clicking THD TECHNOLOGY toolbar button 'Calculate THD'

CTRL - hold down Control key while selecting a different Well from the dropdown box and
Surveys/Planner graphics WILL NOT be updated (navigation/dataload is faster without updating
Surveys/Planner graphics; click 'Refresh' respectively to update graphics)

reex STEERING GUIDANCE **x**

FDDC Steering Guidance is relative (how to CHANGE), NOT ABSOLUTE. For example,
"Towards DROP 40%' could mean to continue drilling high side, but less of such is advised with
respect to the last survey station interval. Guidance is provided with each new survey station
after sufficient inclination/azimuth is met.

~{ 4
TR Tips

¢ The most common commercial application of FDDC Steering Guidance by
geologists is to monitor its output, especially during the landing phase of a horizontal
well where the geometric well plan is dominant. In general (landing or otherwise),
repeated FDDC output at the 90% or 100% level should typically raise an immediate red
flag and instigate communication with the directional driller for clarification about
digressing from the planned path. With oversight some sidetracks can be prevented.

©1999-2010 STONER ENGINEERING LLC 45 www.makinhole.com



SES version 4.5

FDDC Steering Guidance was calibrated to produce smooth steering adjustments (6
degrees per 100 feet or less) for minimum but realistic DLS variance.

When using FDDC Steering Guidance with a Marker Bed (i.e., in Geosteer mode
planned TVD and inclination are determined by the respective 3DSB), realize that the
orientation of the leading 3DSB in real-time application is often subject to change as the
interpretation is fined-tuned with additional data. In this respect, ‘historical’ observation of
FDDC Steering Guidance and what transpired during real-time operations may be
difficult to fully reproduce. This is not an issue when drilling a purely geometric plan, like
some harizontal well landings or when drilling any general directional well where the
target doesn’'t change over the course of drilling.

In Geosteer mode (i.e., ‘Use Marker Bed for Planned TVD’ is checked) planned TVD and
inclination are mathematically defined by the respective 3DSB. Thus, THD can easily be
used to help fine-tune the horizontal landing and or to enhance communication with
directional drillers. Vertical Deviation (VD) for example is the minimum 3D distance from
a directional survey station to the target plane, defined by the parallel offset plane from
the respective 3DSB. Based on current and target (3DSB) landing inclinations, the build
gradient can be fine-tuned on the approach into the landing. For example:

o 1) At 7050 ft MD, VD s 54.46 ft and wellbore inclination is 72.63 degrees. The
wellbore is already on target azimuth.

o0 2) Current planned landing inclination (I NC*) is 91.5 degrees, i.e., | D= 91.5-
72.63 = 18.87 degrees.

o0 3) Question: What is the current revised build gradient to hit the target zone on
depth and on inclination?

0 4) Answer: It's easy with THD!
= 11459.15590261646 * Sin?(l D/2) / VD = 5.65 degrees/100 ft
o 5) Tryto drill at 5.65 degrees/100 ft until the next directional survey station or

3DSB calibration change, and then respectively repeat steps 1 through 4 into the
landing.
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SES Screen — THD TECHNOLOGY — THD Logs

THD Logs & Directional Plots: SE DEMO ¥4 #£3 (GEOSTEER

— Change Log Scale ———— —Vertical/Horizontal Deviation Projections [feet] ——
1.0 | I 20 5.0 | Froject Yertical Deviation [msvD] by |1EIEI - I
15 | 15 | 55 | Project Horizontal Deviation [rmzHD] by |1EIEI 'I

2o | a0 | Smallest |
25 | 4.5 | Largestl

— Data Processing Progress ——————— — PRINTING
O Excel Link FPaper Size on I.-'-tlhlch ko Frint/Plat
L] Fleal Survey Dats [Letter [B.5 % 11 in =
U] Critical DLS® Data Yertical THD Log

n ]
Interp'ed Survey Data Harizantal THD Log

L Auto-zcaling
O Headsr Infa. Yertical Section | Flar Viewl

¥ Emphasize deepest IEE% 'I when Auto-zcaling THD
F P . Rezet |

¥ Create Plan & Yertical Section Yiews o 5Scale

[ Automatically Process Well Data on Open [ Automatically Preview after Processing

Frocess well Data {Preview THD Logs & Directional Plots: 7 | Close

General

THD Logs present THD and other actual/planned well path values in a log format. They may be
created for geometric or geosteered well plans, dependent on how the screen was loaded.

The THD LOGS & DIR. PLOTS screen can be used to:
1.) Create a Vertical THD Log and a Horizontal THD Log to be viewed in Excel.

2.) Create standard directional plots Vertical Section and Plan View, at the base of the THD
Log.

3.) Print THD Logs or standard directional plots on the system default printer.

4.) Change the approximate scale of either THD Log.

5.) Affect the auto-scaling of THD log tracks.

6.) Project THD ahead of the last survey station (black line extension on THD Log).

7.) Assist directional tool setting adjustment decision making.
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Critical

If you need to preserve a THD Log for subsequent reference outside of SES, save it using Excel
or print it to PDF.
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SES Screen — CROSS-SECTIONS

(0] SES - [SE Demo vd #5 (Geosteer)] =13 x|
File window Help ;|i|£||

|| units | surface X | Surface ¥ | Surface Z | Motes | Field | Project | aAnalyst |AnalystCompa] wID
x | Bl¢| Fa| B Active Well-> |SE Dema v4 #5 (Geosteer = | [p [Feet much st Stoneman Demonstration  Miks Stoner Stoner Enginestin 803121584

.Surveysl P\annerl Type Lugl LD | Geostee

Suweys' PIanner' Type LDgl LD I Geusteer' THD Technology Cross-Sections
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e e e P ] Create Geologic Cross-Sections

‘Cruss'se:tlunzcumment ST#1, Interp, #1 Ii’"l ’*l ml | @l ? | %ll gl @l p Zoom Preview m I- Plot GRID

General Cross-Section Settings
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Surveym Planlj [ Show Plan
Show Major Gridines [ Show Minor Gridiines
[0 Platx-5ec in Vertical Section Made:

Miain Plot MD & TVD Acxes Settings -zeneral Cross-Seckion Settings ———  ~Marker Bed Settings

,,EDMPQZ T Supvey Plar E [ show Plar Show Marker Bed

Wame <] aerse[ < Show Majar Gridines [ Show Minar Gridiines Show 305tratBlock Mumber
Centar-Line Settings 62D Target Definition [1 Plot-Sec in Vertical Section Mode Fill Bedis) wicalor Show Target

[ Shaw Center-Line for new Plan

Show OFFset Beds

. st [ 304,41 ~Main Plot MD & TYD Axes Setti , . .
1::5 V;s:ng th| v AN e s S [J Export coordinates & properties to a file
o Hartring MD Min| 10800 =|  TVD Min 10725

o B MDMax| 14750 »|  TD Max 11050 | (L'WD along battom/top of Cross-Section

Dip & DipAzi &.5.4, need set

or MD:TYD Show L'WD Curve Data

or
MinIncE Scale RatioE
LWD Track, LWDE Track

New .5 options below [will bscome saved in v5)

Show LWD Asis Limits Fil Density|Fine - Center-Line Setkings & 20 Target Definition
00 Show CenterLine definiion Shnwé e & GAMMA 1 = [ [Curve 1 1 -
i:nw o [J show Center-Line Far new Plan RESISTIVIT| 1 = O |curve 2 1=
[w] oW values
Mo v.5. Azimuth | 304,42 ROP 3 -] Ocuwes |1 -
YD Easting [ [Furve 4 1~ [ [Curve 4 1=
1B]]u} Morthing .
Curve Opkions Trackis) Sety|
Dip Azl v, i Kis) setup
[v] Apply MinfMax top (3| 5 - V]
DRILLER Directions Inc M Apply iy p13) O
- —— show Constants | below (43| M -
Dip & DipAzi & ¥.5.4, need set |
ity oy above (2] M =
battar (13 M = | [

- Hew w4.5 optionz below [will become saved in 5]

Show UWD Awxis Limits Fill Density Fine -
[ Show Center-Line definitian Show Bed Labels

[ Show Center-Line only past TR a
Feady Shaow TD values =

General

Cross-sections plot TVD vs. MD or vs. Vertical Section and present actual well paths with
multiple additional options, including 3DStratBlocks, stacked offset layers, planned well path,
multiple LWD curve data, and target Center-Line for plan revision.

CROSS-SECTIONS screen can be used to:

1.) Configure and display full-well cross-sections for viewing/printing and screen capture for
custom mark-up.

2.) Plot wellbore intervals of TVD vs. MD or Vertical Section with payzone marker and offset
beds.

3.) Post payzone marker and offset bed names and control bed color shading density.

4.) Plot LWD data along bottom and/or top tracks of the cross-section, with optional constant-
value lines and min/max/log settings inherited from LWD setup.
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5.) Post LWD curve axes min/max limits on respective track.

6.) Control track position (4 options), track size (3 options), background, and gridline settings, on
which up to eight LWD data curves may be plotted.

7.) Plot an associated well plan on the cross-section (requires plan be defined with Planner
screen and calculated THD if using default MD mode).

8.) Plot associated Grid data (inherited from Survey).
9.) Create a CSV text file containing high-resolution export of coordinates and 3DSB properties
of payzone top/target/base, for 3" party software. File also includes the directional survey with a

payzone in/out flag and related distance-to-boundary values.

10.) After clicking 'Print Preview' toolbar button, toggle zoom in/out by clicking the cross-section
or change the zoom by right-clicking and changing setting.

11.) Manually set TVD axes range for desired data presentation, or set MD:TVD scale ratio to
affect cross-section appearance.

12.) Define a 'dipping' plane that is plotted as a 'Center-Line' and is used to update the planned
path with the directional driller. This plane, intersected by the Vertical Section Azimuth plane, is
the Center-Line.

13.) Plot the ‘Center-Line’ well path, through entire interpretation or extrapolated beyond current
TD (VS mode required); post 'Center-Line' mathematical definition in directional driller terms.

14.) Set default/initial zoom level of cross-section.
15.) Post survey MD/Inc/Azi/TVD/VS annotation at TD.

Critical
1.) 'Print Preview' toolbar button draws the cross-section on the screen.

2.) 'Print’ toolbar button prints to the system default printer (including Adobe/PDF). To change
your system default printer, use Windows Control Panel.

3.) Right-clicking the actual cross-section also provides options such as printing, including
system printer selection. If a stray line appears to connect first and last survey stations in a
print-out, use 'Print' toolbar button instead.

4.) If your computer does not respond to keyboard typing, make all graphs NOT have the focus

(magenta outline) by 'clicking-away.' This is a Microsoft bust
(http://support.microsoft.com/kb/210608/en-us).

HOT KEYS
DBL-CLICK - double-click Center-Line Dip Azimuth to flip it 180°

ESC - press the escape key to close a cross-section preview
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CTRL - hold down Control key while selecting a different Well from the dropdown box and
Surveys/Planner graphics WILL NOT be updated (navigation/dataload is faster without updating
Surveys/Planner graphics; click 'Refresh’ respectively to update graphics)

~{ 4
TR Tips

o Even if planning to display a cross-section in vertical section mode, it is recommended to
first setup the cross-section in MD mode. Typically, the cross-section starting MD will be
no shallower than MD_Start of 3DSB #0. If leading space is desired (i.e., room out-front
of the bit that is yet to be drilled and interpreted), set cross-section MD max greater than
current survey TD.

e To post a well plan beyond current survey TD, or to extrapolate a Center-Line beyond
current survey TD, the cross-section must be generated in vertical-section mode.

e To post a well plan in MD mode, THD must have been calculated for the corresponding
survey/plan pair.

o DRILLING TARGET WINDOW. It may be desirable to display “hard” TVD drilling window
targets in a cross-section. This may easily be handled in SES by using Grid Data to
define such vertical drilling boundary limits. Please see GRIDS screen Tips for a full
example.

¢ The “Center-Line Settings & 2D Target Definition” feature of Cross-Sections provides a
way to create a revised linear planned well path definition based on the analyst's
interpretation that can easily be communicated to the directional drilling service company
in real-time operations. The line is determined by the intersection of a 3DStratBlock-type
plane and a vertical plane defined by the vertical section azimuth of the associated
Survey.

o The easiest way to define and visualize a “Center-Line” is to set MD=0,
DipAzi=VerticalSectionAzimuth or its 180° companion, and then calibrate TVD and Dip
to get the desired well path placement on the cross-section. ‘Driller Directions’ then
reports the Center-Line definition in his language (e.g., inclination). (It isn’t a requirement
for the azimuths to be equal...if unequal, SES will determine the apparent dip and then
the directional driller's actual inclination given his ‘actual’ vertical section azimuth.)

e A Center-Line definition may be posted directly on a cross-section for easy, date/time-
stamped communication. If multiple 'new' plans need preserved, simply create additional
cross-sections and revise as necessary.

e To export a high-resolution (1 ft frequency) table of payzone top/target/base coordinates
for general geologic model updating or other analyses (e.g., fracture stimulation
response correlation), use Cross-sections 'Export coordinates & properties to a file'
checkbox and then preview the cross-section to be prompted for a file name.

e If a Center-Line “plan” is to be available elsewhere in SES (THD Technology and or

Geosteer/ParamTuner) as a bona fide well plan, then it must be fully defined and
calculated using PLANNER. As an example, a Center-Line plan is displayed below,
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followed by its equivalent PLANNER well plan input where total vertical section at TD
was set to 4300.

-Center-Ling Setkings & 20 Targek Definition  ——
Showw Center-Line for new Plan

M 0| w.5. Azimuth |154.508
VD 14945| Easting 0,000
Cip 1.3| Morthing 0,000
Dip Azi 154,808 ¥.S5. 0,000
DRILLER. Cirections Inc &g,200

@Y, 5,=0, Inc=385.20, TVD=14345.00

| dMD | Inc | Azi | TYD | N | E | DLS | Reference | ID
14395 83.2 154.81 14945 0 0 TVDKE i
4300 882 154.51 D 1

» z

e Planned well path revisions during real-time operations based on SES technical
geosteering analysis can number from very few to literally dozens, depending on
circumstances and geologic arena.
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Important Final Screen Notes

If your computer does not respond to keyboard typing, make all graphs NOT have the focus
(magenta outline) by 'clicking-away.' This is a Microsoft bust
(http://support.microsoft.com/kb/210608/en-us).

The status bar at the far bottom of the window is used extensively to inform you of various
information. If SES is working OR if the mouse cursor shows 'busy', please let processing
complete before clicking or typing.

There are several screen tips. Just place your mouse over a control and if available the tip will
appear. Clicking into a text box usually provides more information in the status bar.

Several example wells accompany SES. In some cases after example inspection, you may
easily answer your question!

Need a feature added to SES? Send FEEDBACK to us now using menu Help,
Online/Download, and click 'Email Technical Support.'

THANKS for using SES!
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GEOSTEERING ANALYST'S TRADE SECRETS

This ever-growing section features a variety of critically important topics related to horizontal
drilling and technical geosteering. Some content is specific to SES and other is general in
nature.

Scale, and ellipsoids of uncertainty

Think about scale: seismic, vertical well logs, and core. The scale of SES technical
geosteering—approaching and within the lateral—is between vertical well logs and core. It is not
surprising to repeatedly discover structural features and tendencies at near-core scale that are
not observable at seismic or 3D full-field model scale.

Seismic analyses and structural contour maps are calibrated with picks from vertical/directional
wells. All picks from wells are subject to ellipsoids of uncertainty regarding their true global 3D
location, and these uncertainties are blended into one of innumerable gridding processes. The
aerially-sparse sampling of control points (picks)—especially within an environment of low
regional bed dip—clouds the certainty with which expectations about structural tendencies are
true at near-core scale along a horizontal wellbore. A 1° bed dip over one mile is only 92 feet of
elevation change. How accurate are TVD coordinate picks and time-depth conversions at 9000
feet, in the 3D full-field model sense? (Ask your service company’s competitor for an answer.)

SES Geosteering
MMWWWWWWW

i l.uum'iiiiiiiliiiii"l"iiiiiiiiiii“”"“ '
I i J—

The advantage of SES technical geosteering is that the analysis is disconnected from the
absolute world where true 3D accuracy is critical but inherently impractical because of relatively
large ellipsoids of uncertainty. The SES ellipsoid sizes are much smaller because the
interpretation is calibrated relative to local geologic markers deep in the landing; a bad KB or
survey errors or a busted contour map from miss-spotted wells or a more complex world than
seismic or contouring can honor at near-core scale, all matter not. In this "relative small-scale
world" we keep our "eye on the prize" and address the modeling elegance of 3D accuracy later.
There is no better estimate of lateral small-scale geologic reality—which horizontal drilling
sees—than what evolves from technical geosteering.
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Interpreting the Early Landing

An offset-sourced type log provides guidance for signal expectations when drilling into the
landing and payzone portion of a horizontal well. However, as different horizons are traversed
from the near-vertical to near-horizontal wellbore state, the horizontal well penetration is a
unique sample of rock and measured signal. Therefore, we should 'think like a geologist' vice an
engineering curve fitter, when interpreting signal coming into the landing.

Consulting/displaying multiple offset type logs may be helpful to communicate the level of
thickness and signal character variability to be expected, coming into the landing and within the
payzone. Quite often though, the nearest vertical reservoir penetration well log is used as the
single type log to guide all expectations. With either case, differences between ‘actual’ and type
log must be handled. In areas of low lateral geologic heterogeneity, there is no issue; but in
many plays this luxury is unavailable.

How do geosteering analysts deal with thickness variability between ‘evidenced’ and type log
when coming into the landing? The answer depends on multiple possible factors but the solution
set of choices includes one or more combinations of the following techniques:

o "Fake faults" (regional or zero 3DSB dip is maintained, but what appears as a fault in
RSD and cross-section domains is introduced between two adjacent 3DSBs to handle
thickness variability while constraining dip variability)

e "Unrealistic dip" (some 3DSB dips may be exceedingly different/large in magnitude
from what is most likely occurring in reality, however, the relative sense of stratigraphic
depth is maintained)

e "Tie-on" to deepest matching signal portion at the time/depth (ignore ‘poor’ uphole RSD
mapping differences, with final tie-on at ~100 ft RSD or wellbore inclination ~60°, using
regional average dip)

"Tie-on" method may actually be the most accurate and operationally usable technique, but it
isn't necessarily the prettiest in the RSD domain. The provided ball-park numbers (~100 ft RSD
or wellbore inclination ~60°) depend on wellbore build gradient and geologic variability.

Drawing a definitive conclusion too early (and acting upon it with the directional driller) regarding
"where the zone is coming-in" can be counterproductive if significant thickness variability is
present. Fortunately—as is often the case—as signal characteristics understanding, local/small-
scale structural tendency understanding, and geosteering experience within a particular field all
evolve, trained personnel know what is normal and what isn't and how best to act accordingly.

Three early-landing interpretation examples follow, to demonstrate the three aforementioned
techniques. Please note the interpretations are identical from 8880 ft MD forward! This latter
part of the landing phase is most critical and usually more stable. Fortunately, when wellbore
inclination becomes significantly high, the very-early-landing estimate becomes effectively trivial
and in most cases will purposefully not be displayed in distributed cross-sections.
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"Fake Faults" Landing Interpretation Example
NOTE: Cross-Section is TVD vs MD. Well is vertical at 8100 ft MD and horizontal at 9400 ft MD.
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"Unrealistic Dip" Landing Interpretation Example

(NOTE: Cross-Section is TVD vs MD. Well is vertical at 8100 ft MD and horizontal at 9400 ft MD.)
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"Tie-on" Landing Interpretation Example (ignore up-hole differences; tie-on about 100 ft RSD or Wellbore Inclination ~60°)

(NOTE: Cross-Section is TVD vs MD. Well is vertical at 8100 ft MD and horizontal
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Novice Mistakes in Lateral: Over-fitting and Under-fitting

Making 3DSBs too short can give the analyst a false sense of stratigraphic location certainty
and it can obscure the opportunity to observe the big picture, which provides the sought-after
estimate of reality. At the other end of the spectrum, 3DSBs that are too long, with overly-
repeated signal retracing in the RSD domain, can mask important structural information that is
clearly present but hidden by the smearing of the puzzle pieces.

The rule-of-thumb is to calibrate a 3DSB to be as long as possible, without burying
important signal. This frequently requires interpretation exploration with temporary
interpretation gaps or even overlaps, and fitting 3DSBs of different sizes together. At other times
during live drilling operations, complete multiple working hypotheses are necessary to be
maintained, until sufficient definitive signal is acquired after drilling and analyzing such wellbore.

'‘Block of Clarity'—the Calm Feeling of Certainty

A 'block of clarity' corresponds to a finite interval of wellbore where stratigraphic location is
highly certain based on great signal calibration matching in the RSD and cross-section
domains, as well as the general passing of all possible "sniff tests" from all possible data
sources. In many cases, a block of clarity will provide guidance to geosteer towards. In fact, the
case could be made that technical geosteering is in-effect the process of identifying as many
blocks of clarity as possible, such that when fully ‘connected’ over the entire wellbore, a close
approximation of reality is portrayed.

Pinpointing reality well, should always precede any planned well paths changes, and changing
the planned well path always includes speculation about payzone behavior in front of the
drill bit (recall 'Scale, and ellipsoids of uncertainty'). Indeed, solidifying with high certainty what
has occurred behind the drill bit is step one of technical geosteering. Repeated observations of
geologic reality in a given commercial play increase the speculator's odds of making good
decisions because geologic reality repeats.

‘TraceBack'—a Steerer's Best Friend
‘Traceback’ is the name given to a

portion of RSD signal mapping that ’ Tj— Y -
|
.
(?

captures stratigraphic down-up or up-
down traverse, over a wellbore interval. b
When correctly acquired, this
observation is an excellent indicator of .1
accurate 3DSB dip estimate. With -10
subsequent 3DSB TVD adjustment
sometimes necessary, the final result

09145

09150 #0

VD

09155

09160

provides a “block of clarity” that serves 1 s
as a local anchor about which to %"
geosteer (towards and or from). . i
\'\_ 09175
If true dip in reality is steady and near T 10800 10800 1100 11100 11200 1130

(0]

zero, then traceback will be evidenced
with sufficient alternating TVD increase/decrease against a backdrop of sufficient signal
character contrast. However, traceback need not necessarily coincide with TVD increase and
decrease. Traceback is evidenced by means of definitive changing wellbore stratigraphic
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location relative to a chance intersection of payzone with constant dip. Therefore,
traceback may be evidenced while wellbore TVD is increasing at varying rates (or is decreasing
at varying rates) relative to a portion of geologic reality that happens to truly possess constant
dip over the same interval. The heart of the landing often provides an opportunity to observe
traceback.

Location Certainty Changes along the Wellbore

Again, stratigraphic location certainty changes along the horizontal wellbore. In other words, the
confidence in the interpretation of some 3DStratBlocks will be much greater than others. This is
normal. For example, the signal signature when ‘scraping’ an offset bed may be more
recognizable than drilling somewhere in the ‘middle’ of a clean or dirty gamma ray portion of the
payzone. A wellbore interval of high confidence in stratigraphic location is called a "block of
clarity."

SES by design is setup to be able to isolate/find those portions of wellbore where interpretation
confidence is high. In practice, a MD ‘gap’ may be introduced as the user changes MD_Start (or
MD_End of an 'internal' 3DSB) of a 3DSB and focuses on a portion of the well-recognized
signal. Subsequently, the gap is typically filled-in with a 3DSB and calibrated with “Occam's
razor" in mind...the simplest geologic interpretation is best.

Payzone Properties: Variable Dip vs. Variable Thickness

From drilling a horizontal well and analyzing LWD signal such as gamma ray data, payzone
properties true stratigraphic thickness AND true bed dip (and direction) are mathematically
indeterminate, i.e., their quantities are not known and cannot for which be solved. Therefore, we
assume one (thickness) and calibrate/solve-for the other (dip) because this makes the most
sense based on expected payzone structural variability and because this process yields a
solution—albeit non-unique—sufficient to make definitive, confident, and defendable decisions.

3DStratBlock Dip Direction Azimuth...What should | use?

A set 3DSB dip and dip direction azimuth (along with control point coordinates) define a unique
3D plane that is an estimate of the payzone location and therefore technically is completely
independent of wellbore azimuth. If regional dip direction azimuth is confidently known over the
horizontal well area, then regional dip direction azimuth (or its 180° counterpart) may be applied
while geosteering with ParamTuner.

An alternative option is to use 'current' wellbore azimuth (or its 180° counterpart). In this case,
the 3DSB dip being calibrated is of an apparent nature but the resulting picture is effectively the
same. In ParamTuner, the survey callout ('SC' checkbox) feature is helpful in order to quickly
recall wellbore azimuth without returning to Surveys screen. This method is helpful when drilling
from a pad or drilling a 3D well (significant turn) in a low regional dip environment (e.g., less
than five degrees).

A third option is to strictly use vertical section azimuth (or its 180° counterpart). In this case, the
3DSB dip being calibrated is of an apparent (vice true) nature. This is the most common
practice in areas of low regional dip and a 2D well (no appreciable wellbore turn).

Because of the non-unique nature of coupled dip and dip direction azimuth, and the RSD

calculation, different pairs of dip/dip_azimuth may produce an identical mapping onto the type
log and thus an identical interpretation of where the payzone is located, over the respective
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finite interval of wellbore. This is a "good thing" because if 3DSB dip azimuth is different than
true dip direction azimuth, the same interpretation can be found as if this were not the case
(obviously the calibrated dip would not equal true dip). The 3DSB concept is superior to vertical
section projection analyses because in practice the ability of transforming all related data to use
wellbore-interval-dependent vertical section azimuth is entirely impractical with current industry
protocaols.

Don’t Get ‘Crazy’ with Dip too Early!

Until significant wellbore inclination is attained (e.g., perhaps greater than 45 degrees, but there
is no magic number), 3DStratBlock calibration should primarily be based on control point TVD
adjustments, with 3DSB dip set to zero or some regional average value from a contour map.
The empirical manifestation of “too early” is an overly sensitive and or erratic response to dip
adjustments made via dragging the ‘End | Dip” horizontal line on the inner/right RSD track on
ParamTuner screen. The reason for this behavior is that the mathematics of the technology
don't apply to near-vertical wellbores, and viewing the wellbore as TVD vs MD (vice vertical
section) can mask the present vertical state of the wellbore. (See Interpreting the Early Landing)
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FAULT OUTCROP PICTURES

We all know the cliché about pictures and words. Enough said.

Jurassic L|mestone Shale Sequence (1)
. . o

Imagine
the
gamma
signal.

Photograph by Grant M. Skerlec http //vwvwsealsmterntlonl com/
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Jurassic Limestone-Shale Sequence (2)
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Pho':[ograph by Grant M. Skerléc, http://www.sealsinternati'onal.cbm/
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Faults (1)

Pl o e -

http:/ rtseattle.du/ -
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Faults (2)
'‘Local' can be opposite 'Regional.’

‘Regional’ Dip

‘Block’ Dip

http://www.glossary.oilfield.slb.com/Displaylmage.cfm?1D=139
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Faults (3)
First fault would go undetected.

Imagine
the
gamma
signal.

http://www.glossary.oilfield.slb.com/Displaylmage.cfm?ID=75
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Faults (4)

“Photograph of faulting in Cretaceous strata southwest of Marmarth, North Dakota. Sectional
view of the fault trace is exposed on the side of the bluff (between arrows).”

http://www.state.nd.us/ndgs/Newsletter/NLO1W/PDF/smisclWO01.pdf
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Faults (5)
One "brave" geologist, or too close to the details?

THANKS for using SES!
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