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Getting Started Using UM Drillstring Analysis
Software: simulation of drill string behavior in well

This manual leads you through the process of UM Dirillstring Analysis installa-
tion and basics of describing the models, running and analyzing results of three
types of analysis:

e Static Analysis: Evaluation of the equilibrium position of the Bottom
Hole Assembly for the defined bit location in the borehole. The analysis
provides an accurate representation of the deformed shape of the assem-
bly in the hole, forces acting on the assembly, as well as internal force
factors and stresses in the assembly units.

e Torque & Drag Analysis: Estimation of resistance torque and axial drag
forces acting on drillstring in wellbore for standard set of technical opera-
tions: rotary and slide drilling, rotation off bottom, pick up and slack off,
back reaming, reaming and fishing. Distributions of axial forces and tor-
ques, internal force factors and stresses, as well deformations an assem-
bly are estimated.

+ Soft-string analysis is the fast solution based on assumption of posi-
tioning of assembly along the well trajectory.

+ Stiff-string analysis is the detailed analysis considering local defor-
mations and lateral displacements of assembly units in the borehole;
application of Static Analysis approach for the whole drillstring anal-
ysis.

e Time Domain Analysis: Simulation of drillstring motion in borehole
with account of side contact with wellbore walls, bit-rock interaction, and
any set of harmonic excitations; determination of dangerous dynamic ef-
fects having place in the assembly, estimation of stress load of drillstring
components, optimization of drilling loots characteristics and operational
settings.
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We will consider Static and Time Domain Analysis of bottom hole assembly on
the single test model - Rotary BHA. Support of assemblies equipped by mud mo-
tors and steering tools will be added in the next release of the software.
Torque&Drag Analysis will be demonstrated for the single assembly.

It assumes that you go through the manual step by step sequentially. Infor-
mation that is given in one section might be further given shortly or even omit.
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Compatibility

Windows XP
Windows Vista
Windows 7
Windows 8
Windows 10
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This manual is prepared for informational use only, may be revised from time to
time. No responsibility or liability for any errors that may appear in this document

IS supposed.

Copyright and trademarks

This manual is prepared for informational use only, may be revised from time to
time. No responsibility or liability for any errors that may appear in this document

IS supposed.

Copyright © 2020 Computational Mechanics Ltd.

All trademarks are the property of their respective owners.
Contact information

Address:
Laboratory of Computational Mechanics
Bryansk State Technical University,
Kharkovskaya 10B, Bryansk, 241035,
Russia

Contact person:
Nikolay Lysikov, Gennady Mikheev

Phones: +7 4832 588329, +7 4832 568637

E-mails:
General enquiries: um@universalmechanism.com
Questions, suggestions, bug reports: support@universalmechanism.com
Sales, promotion, advertising, collaboration: sales@universalmechanism.com
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Installing UM Drillstring Analysis Software

This section contains the description of processes necessary to install UM
Drillstring Analysis Software.

Drillstring Analysis Software Structure

UM Dirillstring Analysis Software (here and below - DSA) consists of general
GUI and number of executable files and DLL’s using for analysis and results

output.
DSA software installation

Start the installation file and follow the steps.
Important! Installation can be started by Administrator only.

[ 3 Setup - UM Drillstring Analysis S

Welcome to the UM Drillstring
Analysis Setup Wizard
This will install UM Drillstring Analysis 1.0 on your computer,

Itis recommended that you dose all other applications before
continuing.

Click Mext to continue, or Cancel to exit Setup.

4 | Cancel
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Installation proposes to install application in C:\Program Files\ Drillstring
Analysis\1 folder for Windows XP and C:\Program Files (x86)\UM Software
Lab\Drillstring Analysis\1 folder for Windows 7/8/10 by default. Executable files
are copied to the destination.

%F‘: Setup - UM Drillstring Analysis l = |

Select Destination Location
Where should UM Crillstring Analysis be installed?

| Setup will install UM Drillstring Analysis inta the following folder,

To continue, dick Mext. If you would like to select a different folder, dick Browse,

Browse...
At least 243.7 MB of free disk space is required.
I < Back ” Mext = ] I Cancel I

e

Program databases and sample projects are installed in C:\Documents and Set-
tings\All Users\Documents\ UM Software Lab\Drillstring Analysis\1 for Windows
XP and c:\Users\Public\Documents\UM Software Lab\Drillstring Analysis\1 for
Windows 7/8/10 by default.
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Select Start Menu Folder
Where should Setup place the program's shortouts?

E i Setup will create the program's shortcuts in the following Start Menu folder,

To continue, didk Mext. If you would like to select a different folder, dick Browse.,

Drillztring Analysiz 1 x32 Browse...

< Back ][ Mext = ][ Cancel

%Fr Setup - UM Drillstring Analysis

Select Additional Tasks
Which additional tasks should be performed?

Select the additional tasks you would like Setup to perform while installing UM Drillstring
Analysis, then dick Mext.

Create desktop icons
[ Pin to task bar
Assocdiate files *. dsaproj with UM DSA

< Back ][ Mext = ][ Cancel
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Ready to Install

Setup is now ready to beqin instaling UM Drillstring Analysis an your computer.,

Click Install to continue with the installation, or dick Badk if yvou want to review or
change any settings.

Destination location:
C:\Program Files (x88)YJM Software Lab\Drillstring Analysisi1

Start Menu folder:
IUM Drillstring Analysis 1 x32

Additional tasks:
Create desktop icons
Assodate files *.dsaproj with UM DSA

< Back ]| Install |[ Cancel

L.

Microsoft DirectX installation

=i
Alum
[ |

Microsoft DirectX 9 or higher, and Microsoft Visual C++ 2013 Redistributable

should be installed on the workstation to enable 3D visualization of drillstring in
wellbore. Installations of the components are included in DSA Installation.

&

¥cranoeka Microsoft(R) DirectX(R)

YeraHoBka DirectX
Micrpsoft"'

DirectX

MacTep yoctaHoswkn Direct nomoxeT Bam yCTaHOBMTE
komMnoHeHTRl Direct . [MpoynTaiTe NMUEHSWMOHHDE
cornaweHve. JINA NpoKpyToM NoNeESyATECE KNABMWER
PAGE DOWM. [na yoTaHOBKW NporpaMMHoro ofecneyeHuA
HEofMomMMo NPWHATE YCNOBMA COMNELEHMA.

YCNOEBWA NWUEH2KMK HA MCNONE20BAHKME -
MPOMPAMMHOM OBECNEYEHWA MICROSOFT
MICROSOFT DIRECTX END USER RUNTIME

3TW YCNOBWMA NMALEHSMN AENATCA COMNAWEHASM MEXTY
kopnopawsei MafkpocodT (MMM ogHUM M3 e

AU IMPOBAHHE NWLL, B S3BMCUMOCTH 0T MECTa
BALLEr0 NMpoXMBaHMA) M Bamin. [oxanyicTa, npoymaTe
e, OHW MpUMEHAKTCA K BRILUEYKAZIHHORA
MporpaMMHOre 0BSCNEYeHWA, BRIICYEA HOCHTENK, Ha

-

(7 A npuHMMatD YCNOBWA OEHHOrO COrNaWeH A,

(7 A He NPYHAMELD YCNOBWA OEHHOrD COrNaWeHA.

Hanee > Omaeqa
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48 Microsoft Visual C++ 2013 Redistributable (x86) - 12.0.21005 Set... Lou| = [

Microsoft Visual C++ 2013
Redistributable (x86) - 12.0.21005

HICR{}S{]'FI' SOFTWARE LICENSE TERMS

MICROSOFT VISUAL C++ REDISTRIBUTABLE FOR VISUAL STUDIO
2012

These license terms are an agreement between Microsoft Corporation (or
hased nn wheare wan live nne nf ite affiliates) and v Pleasa read them

—

I agree to the license terms and conditions

Insta Cloze

Completion of installation will require the restart of workstation. After
rebooting UM Drillstring Analysis Software is ready to run.

1"{37 Setup - UM Drillstring Analysis | = | |

Completing the UM Drillstring
Analysis Setup Wizard

To complete the installation of UM Drillstring Analysis, Setup
must restart your computer. Would you like to restart now?

@) ¥es, restart the computer now

Mo, I will restart the computer later
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1. Graphical User Interface

This section contains general information related to UM Dirillstring Analysis
Software concept, main tools used for input of source data for Static, Torque &
Drag and Time Domain analyses and single project structure.

1.1. Concept

Graphical User Interface of Drillstring Analysis is assigned for the input of
source data, formulation of the tasks for the solvers, control of calculation process
and results post-processing for Static Analysis and Torque&Drag Analysis; Time
Domain analysis solver, integrated to the DSA GUI, enables results output during
simulation process as well post-processing of the results.

The interface enables storage of source data related to various types of analyses
in format of specialized databases, visualization of the calculated results and re-
porting data in text, MS Excel and PDF formats.

Static analysis

Graphical User Interface of DSA software is oriented on the choice of the bot-
tom hole assembly optimal for work in one or several locations in the definite well
on the base of comparison of the results of Static analyses: contact forces, torques,
bending moments, stresses, etc.

Torque&Drag analysis

DSA GUI enables description, evaluation and results comparison for a set of
combinations of operational conditions for single or several technical operations;
estimation of critical levels of operational loads; analysis of friction factor influ-
ence on the axial forces and torque distribution, etc.

Time Domain Analysis

The program enables time domain simulation of BHA/drillstring motion in the
wellbore with high CPU efficiency; kinematic characteristics as well as forces act-
ing on the assembly can be output during simulation, and stored for post-
processing.

Time Domain Analysis functionality is oriented on determination of dangerous
dynamic effects having place in the assembly, estimation of stress load of drill-
string components, optimization of drilling tools characteristics and operational
settings.
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Data structure

Static, Torque & Drag and Time Domain analyses are carried out within the
drillstring analysis project (Project). GUI enables run of single or several projects
of the following content:

e Drilling Information

Source data on well trajectory, wellbore intervals, BHA and drillstring de-
sign cases used in the project.

e Analysis

Each type of analysis within the Project can contain any number of pa-
rameter sets — scenarios — that can be run in parallel threads or one by
another. Scenario corresponds to the definite position of drillstring/BHA
in the well, set of operational settings and options specific for the analy-
sis. GUI enables analysis of calculated results for single scenario as well
as comparison of the outputs for a set of scenarios.

Report Generator

The interface enables automatic generation of the reports on the analysis in PDF
format. The user has an ability to customize the content of the report. Reports can
include all the project data or just single results or source data view.
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Graphical User Interface is based on Main Window which enables access to
the general GUI settings, databases and projects, as well as separate tools for input
data items description.

Input of source data, analyses customizing and processing, results post-
processing and report generation is carried out in single Project Window.

r —
a}; UM DSA - Drillstring Analysis SoﬂwareMversal Mechanism)

— e

General

E

Open

=
=
Materials Formations ~ Fluids

New
project project
Projects

Databases

=5 e |

Main window

Windows list |Sample proje]

| Temperature map 1] chen solution

+
©) Pressure distribution oy Cascade [ verticaly [ Horizontally
Part Wel  Welbore Drilstring Settings | About... Getling
database | trajectory JBHA v Time history generator started | T Minimize al @ Restoreall &2 Close all
Tools Auxialiary tools Settings Help Windows

= [ Project [Sample project]
- 4] Drilling information
=% Wellpath Cases
< Well Trajectory
N Well Trajectory 1
- 4k Welloore Cases
- g Wellbore
- g Wellbore construction 1
=} BHACases

Sample DS
“- g Drillstring 1

TnD analysis

~ General Operations
Static analysis
Scenario 1
= Scenario 2
- (@) Time domain analysis

g Scenario 1

g Scenario 2

[Z) Project report

Y EDE Sample project.dsaproj - Project” (=la@] = J
n A+u a0
%" Projectinfo  Driling information  T&D: General Operations ~ StaticAnalysis | Time domain analysis  Project report Pro - ect W| n d ow 7]
4F Add scenario = Display wellbore scheme J
B ¥ % B| 3 & o B Iy Ekoian
= Delete scenario &% Advanced model settings
+ Validate Generate  Run Clear Validate all Generate Run Clear Generate report
"4 Duplicate scenario | scenario  model  analysis results || scenarios  allmodels analysis results || for analysis
GUI Settings
Project structure @ Analysis setup

Scenario Caption
Caption:  Scenario 1
Well case

Well trajectory

Position | Event Log
2D Plot | 30 schermne

DS position i wall

[well Trgectory

Welbore construction

Y

T Horizonta] Displacement, m

[We\lhore

1200 1600

Bit Position, m

Driling Information
Bottom Hole Assembly

IMeasured Depth, 1

[BHA 1 D=
Driling fluid
[DnHm Fluid v] E]
Parameters
Parameter Value
Weight on bit, kN 44.4822
Torque on bit, kN*m 0
Top RPM, rpm 0
Drop speed, m/h 1]

0
Inner Diameter,

Units: SI

Advanced User

UM Drillstring Analysis : Official Release”; : All rights reserved (c), 1993-2019

% UM DSA - Drillstring Analysis SDI'twareMvEml Mechanism)

[ —

s

General L]
1 =0 = m }V * § Temperature map 11 chen solution Windows list |Sample Rotary
e et © Pressure ditrution . @ Cascade [ Verticaly Main window
New Open Materials Formations Fluids Part well Welbore Drilstring Settings About... Getting
project project database || trajectory JBHA /4 Time history generator started | T Minimize all ] Restore
Projects Databases Tools Auxialiary tools Settings Help Windows ]
— O ———— \
3 Material database (=l = J
Al | Default Crly | User Only |
— —— = - Datab d Tool
e 3 = atapases an ools
= 0 Sample Wellpath.wlp - Well Trajectory Editor =
1 — | well Triajectory o ‘ l
2 o = =l = |
New pd - - =
3 e \ Sample Rotary BHA.bha - String Editor
= Delete | ! e
R | | o = Diillstring (7]
s ¢ Duplical = = -
Add part ¥ Add section Move up — & =
6 y = & g = I B
7 — T~ oelete part = Delete section & Move down —
- # . MD ) ) Part Part Blade  Wwel Sections Side | Part | Generate
8 ||| T ouicatepart | % Dupiicate section | [ Vaidate Database | editor geometry contact -~ connection - || sections | images || report
g 2 Desaription[5HA 1] Advanced editing Additional tools || PDF Report|
10 3 Bit
11 4 Part/Secti.. Description Count Type 0D, mm D, mm €D, mm Length, m Material
12 5 121/4" PD. 1 31115 254 31115 0458 Steel -
13 5 121/45ta.. 1 20955 762 31115 0.914 Steel |
14 Collar 1 209.55 762 20955 1524 Steel
7 MFR tool 1 20955 13284 20955 8.534 Steel
15 8 12 3/16" S 1 209.55 78.74 309.57 1.829 Steel -
16 MWD tool 1 20955 131.32 20955 6.706 Steel
- £ Crossover 1 209.55 762 209.55 0.61 Steel
7 10 121/4Roll. 1 31145 7112 31115 3.049 Steel L4
18 11 Collar 1 2032 7112 203.2 9.143 Steel
e Float Sub 1 2032 762 2032 0.61 Steel
— 12 X0 Sub 3.0 1 2032 762 203.2 0.61 Steel
Selected { ||| 13 65/8" HW.. kS 209.55 1143 209.55 3658 steel
14 8" Jars 1 2032 762 203.2 9.144 Steel il
Surface
15
& Side saction
17
< NN ANV 4 4
0 10 20 30 20 50 80 70 80 50 100 110 120 130 140 150 160 170
Distance from bif, m
Units: ST Advanced User UM Drillstring Analysis : Oficial Release’; : All rights reserved (c), 1993-2019
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System of Units

The interface supports Imperial (API) and International System of Units (SI)
and automatic conversion of source data and results from one system to another.

The user can customize unit system settings to select SI or Imperial system for
output of different types of parameters.

User Modes

The user can customize the functionality of the interface by selecting User or
Advanced User mode. User mode hides the settings which are not necessary for
analyses of standard problems.
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1.2. Workflow

Procedure of drill string analysis within single Project can be illustrated with
the following scheme.

Source data input Databases

e Well trajectory —_—
e Wellbore intervals
e BHA'’s and drill strings

design
Analyses customizing
e Description of one or several scenarios for
single or several types of analyses:
e Specifying solver settings
Analyses processing
Source data verification
v
Scenario model files generation
v
| |
Static Analysis Time Domain
stiff-string T&D Analysis
Run analysis by external Run analysis in Simulation Desk
solver in parallel threads mode by internal solver
| |
v
Calculated results

|

Results post-processing

e Graphical output (plots & animation) of
calculated results

e Building of diagrams & maps

e Report generation
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1.3. General GUI settings

It

.|

Ay

Select Settings item of Main window head menu to specify general GUI set-
tings: system of units (Si, or Imperial, or Custom) and interface mode (User, or
Advanced user, or Developer), list of analysis and tools, main menu style, desktop

wallpaper, color scheme, etc.

% UM DSA - Drillstring Analysis Software (Universal Mechanism) (5 |
Dis"
Alum)
L Gereral (7]
= = B3 == e & 2L i -
0S| ¥ = @ ‘@r = )ﬁ ﬁ :: & Temperature map M) chen solution Sk Windows list |
e e ?) Pressure distribution Cascade [T Vertically [ Horizontally
New Open | Materials Formatons Fluids — Part well  Welbore Drilstring Settings || About... Getting
project project database || trajectory /BHA H #{ Time history generator started ” nize al Restore |
Projects Databases Tools Auxialiary tools Settings Help Windows
4 =
Settings Iﬁ

General | L it Settings|

Unit zettings

i

@ Impenal (&P
) Custarnized

b e

@ User

) Advanced uzer

1 Developer

Toolz
[]"wIT5ML Data Support

Drata directony

Units: S @
| = Change location

Interface Settings
Style
1 Main menu

W allpaper:

Modules
Torque & Drag analysis
Stiff-gtring Torgue & Drag
Hydraulic analpsiz
Static analysis
Vibration analyziz [Critical 5 peed Map)
Manlingar vibration analyziz
Directional Tendencies

Time domain analysis

[ Multithread Calculations

C: 45U zerghPublichDocumentzhRitd o/ ell Engineering Software’1

@ Ribbon

Color zcheme Sibver

(]9 I [ Cancel

!
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1.3.1. System of Units
The interface supports Imperial and International System of Units (SI) and au-
tomatic conversion of source data and results from one system to another.

The user can customize unit system settings to select SI or Imperial system for
output of different types of parameters on Unit Settings tab.

4% UM DSA - Drillstring Analysis Software (Universal Mechanism} = | B i)
DS
A+
2 General (7}
S N = | b4 2 =‘&= :: § Temperature map Il chensoluten | o7 : a Windol =
lal b e 0 Lo e & 2 Pressure dstribution Tan Ca
New ~Open | Materisls Formatons Flids — Part Wel  Welbore Drilstring Settings | About... Getting
project project database || trajectory JBHA S« Time history generator started Minimize al Restore al
| progeas | Databases | Tods I puilsny tools |l setngs )| ven |
Settings
r " -
Settings &Jl [ Genera| Uri Setinzs
Gereral | Unit Settings
Unit settings Modules Category | Units J
) §i Torque & Drag analpsis Length "
& . Diameter in
. < =S T et Cae
@ Imperial [API] ot b Sngle deg
- raulic: analysiz
() Customized ¥ v Dogleg deg100ft
[ Static analysis [ess I
MDdE Wibration analysis (Critical 5peed bap) Mass Per Lenath pol
@ User Monlinear vibration analysis Dengity Ibrndeu ft
©) Advanced user Ditectional Tendencies Foree kip
) Developer Time domain analysis o b !t
Stress/Pressure ki
Tooks “foung Module lesi
WATSML Data Support [ Multithread Caleulations Stiffress LbrAft {
. Angular Stiffness kip*ft/deg
Data directory -
= Damping Lbt/[ftésec)
C:\UsershPublichDocuments\R M ovwiell Engineering Softwareh E Eree] Y.
Change location Temperature F
Thermal Expansion Coefficient 1/F
Interface Seflings Diynamic Viscosity =
Style Flow Rate gpm
() Main menu (@ Ribbon Speed Ratio rpmgpm
Power hp
‘Wallpaper: )
B Yolume bbl
Color scheme Silver - I Area in"2
Flow Congistency Index Ibfs A1 00%t"2)
= [ inear Bending Stiffness ip ™
A L Bending Stiff kipdft™2
Units: 51 14 — -
= || Avea Distributed Power hp/in™2
L

The label of current system of units (SI, Imperial, or ) is displayed in the left
bottom corner of the MainWindow. Double click the panel or use Main Window |
Options interface to change the system of units. All data items will be converted
automatically.
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Drillstring Analysis GUI can operate in three modes: User mode, Advanced
User' and Developer mode. User mode hides or enables settings which are not

used in the most cases.

Multithread Calculations
Data directory

C:AUsershPublichDocuments\Ritd owell Enfineering Software1

=)
Change location
Interface Settings
Style
(1 Main menu @ Ribbon
W allpaper: @
Color scheme Silver b I

L

| Advanced User

~
£ UM DSA - Drillstring Analysis Software (Universal Mechanism) =RNCE X
7 ~
%s— Settings Ié]
Ajum)
Ge] = (7}
General | Unit Settings = ‘
= ition = g Windows list =
5 ¥ Unit settings Modules 9 ’ = o
New Of | @ S [T Tarque & Drag analysis Settings || About... Getting o
project pr ) started Restore al
| Projecty | () Imperial [AP1) Stitf-sting Torque & Drag | ” Settings ” Help ” Windows |
_ . Hydraulic analysis
() Customized v v
Static analysis
Mode Wibration analysiz [Critical Speed Map|
@ User MNonlinear vibration analysis
© Advanced user (1| Diredtional Tendencies
(7 Developer Tirng domain analysiz
Tools
WITSML Data Support

UM Drillstring Analysis : Official Release”; : All rights reserved (c), 1993-2019

The label of current mode is displayed in the left bottom corner of the
Main Window. Double click the panel or use Main Window | Options interface
to change the setting.

~

Enter Advanced User User Password

Starting of GUI in Advanced User or Developer mode or switching from User

User mode is available after password entering only. If entered password is incor-
rect the GUI will work in User mode.

! Default Advanced user password is «kDSA-DSA»
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1.3.4. Source Directory

DSA program uses Source directory path for search of databases and projects
saving. The Source directory is placed in C:\Documents and Settings\All Us-
ers\Documents\UM Software Lab\Drillstring Analysis\1\ for Windows XP and
C:\Users\Public\Documents\UM Software Lab\Drillstring Analysis\1\ for Win-
dows 7, 8, 10 by default.

The list of files and catalogs placed in the directory:

2 Open Drilling project %

Search

N project selectsd
CAUsers\PublichDocuments\UM Software Lab\Drillsing dnalysist1 =

4[5} CAUsers\Public\Documents\UM Software LabDrillsting Analysish1
[ Bugreport
[ databases

- [i=3 projects

1= SAMPLES

[ Utils

[ wellbores
=4 x32
[ Dongle
[ dilstrings
[ Excitations
) help

ini

Display Mode : Show all folders

C: M\ sers\PublichDocuments\UM Software LabhDirillstiing Analysisi1 J UM DrillSting

Options.ini — DSA GUI options;

Databases\ — Material, Fluid, Formation, Drillstring part databases;
Projects\ — Default storage of Drillstring Analysis projects;
Samples\ — Sample project files;

Wellpaths \ — Default storage of files with well trajectory description;
Wellbores\ — Default storage of files with wellbore intervals description;
Drillstrings\ — Default storage® of drillstring/BHA design files;

Excitations\ — Default storage of drillstring/BHA excitation description files;
Pressures\ — Default storage of pressure map files;

Temperatures\ — Default storage of temperature distribution files;

Schematics\ — Storage of string parts image files;

Wallpapers\ — Storage of main window wallpaper files;

Manual\ — PDF documentation files;
Utils\,Templates\,ini\,help\,logos\,umentities\,x32\, etc. — Auxiliary file storage.

! Default storage means that the user can store these files anywhere he or she wants.
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1.3.5. Interface Settings

DSA Main window can be customized by selection of GUI style, and desktop
wallpaper.

Interface Settings

Style
71 Main mernu @ Ribbon
W allpaper: @
Calor scheme Silwer T ]
Pﬁ{ UM DSA - Drillstring Analysis Software (Universal Mechanism) =)

DIS
Afum/
- General 7]
= o= | =5 v = & :*%: [ Temperatwemsz || Chensalution | . a Windows list i
= = = . SR Wi
5 | ed @ o] & 0
te

Pressure distribution 5 Cascade Vertically Horizontally
New Open Materials Formations Fluids Part Wwell Wellbore Drillstring . Settings | About... Getting
| project project ” JBHA H M Time history generator

database ” trajectory started ” Minimize al Restore al Close al ‘

Auxialiary tools ‘ Settings ‘ Help

Projects Databases Tools Windows

i
i
!

Units: 1 Advanced User UM Drillstring Analysis : Official Release”; : All rights reserved (c), 1993-2019

L = =

|

2% UM DSA - Drillstring Analysis Software [Universal Mechanism) =RACE X

File  Windows Tools Help

12 T s

|

AN

Main Menu Stvle

Units: ST Advanced User UM Drillstring Analysis : Official Release"; : All rights reserved (c], 1993-2019
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1.4. GUI Databases & Tools

DSA GUI includes a number of specialized databases and tools for work with
source data without starting Drillstring Analysis project.

DlS
Alum
General
= = E3 v [== = ﬁ e % Temperature map B chen salution - .
s ¥ | 3 @ o )ﬁ probe | £

-/ Pressure distribution
New Open Materials Formations Fluids Part well Wellbore Drillstring _ Settings | About... Getting
project project database || trajectory /BHA 4 Time history generator started

| Projects | Databazes Tools || Auxialiary tools || Settings || Help |

» Databases: Set of data used in drilling information description within
Project or Drilling Information editors.

e Material Database
e Formation Database
e Fluid Database

e String Part Database

The interface of databases is generalized within DSA GUI, and varies by
the list of parameters only.

> Tools: Specific tools for drilling information items description without
starting Project; one can use preliminary prepared data items for the fast
Project initialization.

o Well Trajectory Editor
e Wellbore Editor
e Drillstring/BHA Editor
The interface of source data editors is similar to Project interface of data
input.
> Auxiliary tools: Specific tools for scenario(s) input data items description
without starting Project, as well as auxiliary analysis tools.
e Temperature map — Temperature distribution along the well
e Pressure distribution — Internal/external pressure for drillstring

e Time history generator — Value vs. time dependencies generation for
force excitations input.

e Chen solution — Estimation of external mud damping for a pipe oscil-
lating in a wellbore (in accordance to Chen solution).

The interface of source data editors is similar to Project interface of data
input.
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1.4.1. Material, formation, fluid databases

Database wizard GUI is common for material, formation and fluid data.

General view GUI

Each database contains the preset list of items, which parameters cannot be
modified by the user’. One can add new item (=) or duplicate (%) one from the
preset list to describe new item. User’s items can be modified or deleted (= ).

GUI is organized as a table of database items vs. parameters. Use All, Default

Only or User Only tabs above the table to display all items or preset or user-
defined items correspondently.

rﬁ Material database o (s 1
A”| Default Only I User Cnly |
=% &&lH0|
w Caption w Comment I Color 'V Density, kg/m~3 VE GPa VG, GPa 7 Nu VTEC, 1/C T Heat Cap., J/(kg*K): ~
1 Aluminum Aluminum 2707.1 71.02 26.7 0.33 1.3E-05 330
"2 Aluminum 195371 Aluminum 1953TT 2707.1 71 2669 033  L3EDOS 830
3 Aluminum D16 Aluminum D15 2707.1 7102 6.7 033  L3E05 330
4 Beryllium-copper alloy Bervyllium-copper alloy 3169.4 134.4 52,31 0.285 1,3E-05 420
5 Incoloy 325 Incoloy 925 8057.3 220 8461 0.3 1.59E-05 435
& Manel Manel 8810.2 179.3  63.16 0.315  L3E0S 427
7 Mon-Mag-315 Mon-Mag-316 8000 193 7423 0.3 159E05 500
E PS50 PS50 7993.2 220 8461 0.3 1.59E-05 500
3 PS30 Psa0 7993.2 220 8461 0.3 1.59E05 500
10 SBO PS50 SBO PS50 7993.2 220 8461 0.3 1.59E-05 500
11 SBO PS50 5SBO P530 7993.2 220 8462 0.3 1.59E-05 500
12 Steed Steel 7350 00 7652 0.3 L3E0S 500
13 Steel AISI 1340 steel ArsT 1340 [ 7301 07 80.23 0.29  L3E0S 473
14 Steel AISI 4145 steel AISI 4145 [ 7301 07 7982 0.3 6.89E-08 473
15 Steel E75 steel £75 [ 7843 199.9 76.9 0.3 L3E-05 473
16 Steel G105 steel G105 [N 7843 199.9 769 0.3 L3E0S 473
17 Steel 5135 steel 5135 [N 7850 1999 769 0.3 L3EdS 473
18 Steel 535 steel so5 [ 7850 199.9 76.9 0.3 L3E-05 473 [
- i — . | e R e P o
4 F
Selected item count: 37
L

Select column with the parameter and click *E to sort items in the parameter

value increasing/decreasing order. Use =l button to auto-size column headers;

click @ to enable hint mode. Click £ to validate input data on admissible param-
eter values.

Use = toolbar button to activate items filtering mode; click on a column head
to turn on filtering by the column parameter.

Database info import (%) and export (#®) of is available in Advanced and De-
veloper mode.

! Modification is available in Developer mode only
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GUI enables selection of parameters/columns to display in the table; this option
is useful if number of item parameters is significant.

Click on & button to display the Category tree panel, which provide an ability
to hide/display parameters ', and turn on output format of the parameters €.

-
% Material database E@ﬂ
Al | Default Only | User Only
=%z & &l
e Caption Comment 7 Color ¥ Density, kg/m~3 = | Parameters setting
E Alurninum Alurninum 2?0?.1|:| EH = ' ﬁ]
i .ﬁ.lu:;;::;:rif;jlz Aluminum_1953TT J?g;i = General :
4 Beryllium-copper alloy Berylli Dlsplay parameter t.ree. 69,4 Caption
: incaloy 525 o Parametersvisible __s Y/ Comment
6 Monel e Output format 10.2 [ Color i
7 Non-Mag-316 3000 [l Density 7
_B PEEg FEEq Y W03, = Mechanical Isptiopic
g P580 psao [ 7993.2
10 SBO PS50 seo Psso [ 7993.2 B
11 SBO P580 se0 psso [ 7993.2 M N
12 Steel Stegl - 7350 EB [ Mechanical Anisptropic
13 Steel AISI 1340 steel A1s1 1340 [ 7801 @ [¥] Thermal
14 Steel AISI 4145 Steel AISI 4145 7301 @ [ Strength " -
15 Steel E75 Steel E75 7243 Format [G]:
16 Steel G105 Steel G105 7849 Data Format | General v |
17 Steel 5135 Steel 5135 7850 Dighs number 4 b
13 Steel 595 Steel 595 7850 | Decimak number 2 pA|
:ri_l Tt TEostunn -“Frn Column width 52 ﬁ
Selected item count: 37 )
e

Parameters are grouped in categories; the user can hide/show a category at all
by one click.
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Item details view
Double click on the item in general view table, or select the item and click
on & putton to see the item data in separate window.

% Material databasze = = %
Al |Defau|t Only | User Dnlyl
$=h||Ee =peE & &Y
s Ca s Comment I Color| ¥ Density, kg/m~3 VE GPa ¥V G,GPa ¥ Nu |V TEC, 1/Cap., =
1 Aluminum J707.1  7.02 26,7 033 13605880/ |
2 Alumin [ oy . . - =l g
Material [Steel] - details...(default] —

3 Alufninum D16 ar! : ! ¢ ) - »
4 Berylium-ctipger allo General |Mechar1it3l Isotropic I Thermal I Strength | 5-M Fatigue: Tension I SN Fatigue: Bendil * | *
5 coloy 32 Parameter Value Units  description.
5 = Caption Steel Parameter Mame

_? L pn TS Comment Steel Comment
8 P50 Color Scheme color
E P80 Density 7850 kgfm~3 Material Density

10 SBO PS50

11 SBO PS30

12 Steel

13 Steel AISI 1340

14 Steel AISI 4145

15 Steel E7S

16 Steel G105

i7 Steel 5135

18 Steel 535

19 Steel X35

|

Selected item count: 37

Click Ok to save changing to database; click Cancel to exit without saving.

Note: The Item data view mode enables modification of any item (preset or us-
er-defined). If the user does not have access to preset data modification, the GUI
will propose to save the item with another name as a user-defined item.
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1.4.1.1. Material Database

Material database is stored in MaterialDB.mtl file placed in Source directo-
ry\Databases catalogue. The database is loading from the file when GUI starts.

Use Materials button of the head menu to open material database editor.

= =l E= h 4 = i ﬂ fre= £ Temperature map [H]| chen solution
= - wEmgh
ISl ¥ || &2 @ Lo ] 4N o

' Pressure distribution

Mew  Open Materials |Formations Fluids Part well Wellbore Drillstring )
project  project database | trajectory JBHA s Time history generator
| Projects [l Databases Il Tools [| Auxialiary toals

Material parameters

Database contains wide list of material parameters; list of parameters required
for Static, T&D and Time Domain Analysis in DSA application is stated below.

Parameter units : Description
SI | Imperial
General category
Caption Unique caption of the material within the database.
Color Color the material is displayed on the drillstring
side section view.
Density Kg/m® | Lbm/ft® | Material density.
Mechanical Isotropic category
Modulus of elasticity GPa Ksi Modulus of elasticity of the material.
Poisson’s Ratio The signed ratio of transverse strain to axial strain.
Thermal category
TEC ‘ 1/C ‘ 1/F ‘ Thermal expansion coefficient.



https://en.wikipedia.org/wiki/Lateral_strain
https://en.wikipedia.org/wiki/Strain_(materials_science)
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1.4.1.2. Formation Database

Formation database is stored in FormationDB.fdb file placed in Source directo-
ry\Databases catalogue. The database is loading from the file when GUI starts.

Use Formations button of the head menu to open formation database editor.

= = E ;] T TF B _I=_ B
; | E__ = [ﬁ E’ )& ﬁ :: & Temperature map [H] chen solution
L—‘—‘J = ' Pressure distribution

Mew  Open Materials |Formations| Fluids Part well Welbore Drillstring .
project project database || trajectory JBHA v Time history generator
Projects Databases ” Tools Auxialiary toals |
i s |
ﬁ Formation database =RNCN X
-"*"l Default Only I User Only |
P=%|F2 -2 & &|(Ve
‘' Caption r Comment " Color ¥ Density, kg/m~3 VE GPa ' Nu i¥e compressive streng »
1 Andesite 2700 60,2 0.22 98
2 Basalt 2800 25 0.3 50
3 Chalk 1700 20 0.35 L
4 Chert 25490 72 0.3 300
5 Clay 1900 0.1 0.2 0.7
<] Coal 1370 1.2 0.36 14.32
7 Daolerite 2730 50 0.25 140
3 Dolomite 2670 8.5 0.26 319
9 Gabbro 2700 40 0.15 175 =
4 3
Selected item count: 32
L = _ -

Formation parameters
Database contains wide list of formation parameters; list of parameters required
for Static, T&D and Time Domain Analysis in DSA application is stated below.

Units
Parameter Sl Imperi- Description
al
General category
Caption Unique caption of the formation within the data-
base.
Color Color the formation is displayed on the wellbore
section view.
Modulus of elasticity MPa psi Modulus of elasticity of the formation.
Poisson’s Ratio The signed ratio of transverse strain to axial strain.

RGD model parameters category

Rock specific strength | MPa psi Rock specific strength parameter for RGD model of
(epsilon) PDC bit-rock interaction
Bit-rock contact stress | MPa psi Bit-rock contact stress parameter for RGD model of

(sigma) PDC bit-rock interaction



https://en.wikipedia.org/wiki/Lateral_strain
https://en.wikipedia.org/wiki/Strain_(materials_science)
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1.4.1.3. Fluid Database

Fluid database is stored in FluidDB.ldb file placed in Source directo-
ry\Databases catalogue. The database is loading from the file when GUI starts.

Use Fluids button of the head menu to open fluid database editor.

= = E3 b 4 — * =A= F: £ Temperature map [H] chen solution
= |
mﬁ . Ex @ L_._..l o &

' Pressure distribution
Mew  Open Materials Formations| Fluids Part well Wellbore Drillstring )
| project project || database ” trajectory / BHA ” sy Time history generator

Auxialiary tools |

Projects Databases Tools
e =
% Fluid database - o = | B |
Al | Default Only I User Only |
pofFal-es ww(e|
K Caption ¥ Comment I Color| 'V Static density, kg/m~3 7 H, W/ (K*m2) | §ynamic viscousity, F =
1 Driling Fiuid  Default Fluid = Mud [ 1400 0 0.07
2 Air ~r [N 1.1983 0 1.86E-0005
3 Diesel piese! [N 300.44 0 0.0762
4 Mineral Ol Mineral Oil = Mud [ 934.65 0 0.041
5 Silicone Ol siicone oil [ 955 o 0.145
6 Water water [ 1000 0 0.001
7 Fluid_1  Default Fiuid = Mud [l 1400 0 0.07
8 12345 Default Fluid = Mud [ 1400 o 0.07
9 Air_SampleHydrauiics ~ [ 1,1983 0 1.86E-0005
10 oF N3 Defauit Fluid = Mud [ 1400 0 0.07
11 Drilling Fluid_new  Default Fiuid = Mud [l 1400 0 0.07
12 Air_new ~ [N 1.1983 0 1.86E-0005
13 Mineral Gi_new  Mineral oil = Mud [l 934.65 0 0.041 -
4 3
Selected item count: 14
L -

Fluid parameters

Database contains wide list of fluid parameters; list of parameters required for
Static, T&D and Time Domain Analysis in DSA application is stated below.

Parameter units : Description
SI | Imperial
General category
Caption Unique caption of the fluid within the database.
Color Color the fluid is displayed on the schemes.
Density Kg/m® | Lbm/ft® | Fluid density.
Mechanical category
Mud dynamic Pa - sec cP Dynamic viscosity (or absolute viscosity) of the
viscosity fluid: cP=0.01P =1 mPa's =0.001 Pa-s.
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1.4.2. String Part Database

DSA GUI enables description of the bottom hole assembly and drillstring de-
sign with the set of components, that can be taken from String Part Database or
described internally by Drillstring Part Editor tools.

String Part Database GUI

The database is stored in *.pdb file placed in Source directo-
ry\Databases\StringPartDatabase catalogue and its sub-catalogues. The database
is loading from the files when GUI starts.

StringPartDatabase catalogue contains by default Training database.pdb,
which items are read only; and User database.pdb available for editing.

Use Part Database button of the head menu to open database editor.

= = E= h 4 == o =&= [Tes=] L Temperature map [H] chen solution
= || Emih
s | e [ﬁ O || [eem 7& Fr :

T Pressure distribution

New  Open Materials Formations Fluids Part well Wellbore Drillstring )
project project database ||| trajectory / BHA s Time: history generator
| Projects I Databases f| Tools [l Auxialiary tools f
- Drillstring Parts Databases S| B S|
)
Part Database Part Editor (7]
,__‘; Mew DB folder —. Add new database Ad " Expand,Collpase e Copy ii‘é Import data from file...
Delete DB folder Delete d Del Move Up ¥ Paste il Save data to file... Head menu
Duplicate DB folder Duplicate databas Duplicate category Duplicate pa Move Down i search... tOOIS
String Part Databases Database Content Tools Import/export data
£ B Default - Bit
- sample units A Part/Section Description Type OD,in ID,in CD,in Length ft Alignment, ft ...
= B PDC Drill Bits & 1 Shaft 45 0 45 0.55556 0 5.
@ 11 Shlades  Uniform 45 o 45 022222 S
& 5 112" MDI613 POC Bi [l 1.2 Shank Uniform 3.3125 0 33125 033333 5.
& 53/4 MDSi713POC Bit 3
& 5 5/8" MDSi711POC Bit k-
& 6 "MDSi513 POC Bit &
& 6 1/8" MDSi613 POC Bit = s
Database
structure tree: ER
» Database files =] Drillstring part
. i .
> Categories P editor table
> Parts
& 20 "PDCEIt
& 23 "POCBit
& 26 "5Di816 POC Bit
- 5 Driling Collar Surface
+ E_ Drill Fipe _ ~ | StringPartDatabase -> Default | Sample units\PDC Drill Bits | 4 1/2" M513 PDC Bit
OK Apply Cancel

Database navigation is organized by database tree structure on the left panel.
Database file is displayed in the database structure tree (), and contain a set of
drillstring parts (&) grouped into categories (& ).

Head menu tools and Drillstring Part Editor GUI, placed on the right panel,
enables access to the database items description.
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Database structure editing

Tools for the database data structure modification are available on the Part Da-
tabase tab of the head menu:

& - add new database catalogue folder;
7 - delete selected database catalogue folder with all entities;
- duplicate selected database catalogue folder at the current level*;

% - add new database file in the selected database catalogue folder;

= - delete selected database file with all entities;
- duplicate selected database file at the current level;

5 - add sub category for the selected category node;
5 - delete selected category node with all entities;
I - duplicate selected category at the current level;

&' - add new part to the current category;
2 - delete selected part;
&' - duplicate selected part;

# - collapse/expand tree branches;
4* - move node up;
< - move node down;

% _ copy node;
¥ - paste copied node;
#h - enable/disable Search mode:

# - import data from *.pdb file to the current category;
#® - export data from the current category to *.pdb file.

! Available in Developer mode only
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The Search panel is adding to the bottom of the database tree panel if the
Search mode is enabled. The only parts containing search mask, defined in the
Part Caption field, are displayed in the database tree if the Search mode is ena-

bled.

- -
J/!E_"\l Drillstring Parts Databases = | B |
- Part Database Part Editor et
MNew DB folder Add new datsbase Add category Add new part " Expand/Caollpase Copy Import data from file...
Delete DB folder Delete database Delete category Delete part Move Up § Paste Save data to file...
Duplicate DB folder Duplicate database Duplicate category Duplicate part Move Down it Search...
String Part Databases Database Content Toaols Importfexport data
El- 5 Default Bit
£ B Sample units Part/Section Description  Type {ID,in 1ID,in CD,in Length, ft
£ 825 Driling Collar m =] 1 Shaft B375 125 3.375 31
=Y 3 3/8",Drill Collar,nC28 11 Connection  Unmiform |[B.375 125  3.375 16667
E 3 33" Drill Collar NC26 1.2 Body Body Uniform |3.375 1.25 3.375 29
/8", Drill Collar, 13  Connection  Comnection  Uniform (3375 125 3375  0.33333
- B old_Tools 5
% Driling Collar b
Bl Stabilizer &
& 33/8",5TAB - STRING,NC26 [s]
& 33/8",5TAB - NB,NC26
& 33/8",5TAB - STRING,NC26 |
& 33/8",5TAB - NB,NC26
= PDCDrilBits_1
g Sample Database
o
4 1 3
Search Surface 0
Part: 338" €tringPartDatabase - Default | Sample units\Driling Collar Y 3 3/87,Crill Collar NC26
[ (0]4 ] ’ Apply ] ’ Cancel

Part parameters output/editing

Parameters of the part selected in the Database tree are controlled by the Part
Editor GUI - panel right to the tree panel; additional tools are placed on the Part
Editor tab of the head menu.
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1.4.2.1. Drillstring Part Editor

The Drillstring Part Editor GUI provide tools for description of the wide range
of drilling tools within the generalized format: bits, drilling pipes, collars, stabi-
lizers, mud motors, “place-the-bit” and “push-the-bit” steering systems, etc.

i =
J/!E_"\\ Drillstring Parts Databases = | E S
/ Part Database Part Editor (7]
D" Add pipe % ||"' Add section Mave up @”‘ @ : : WEE;? == E
Delete pipe 11= Delete section & Mave down - £
Fi Blade Well Sections Part Part Side Part

pe .
[rl- Duplicate pipe  [inks |'P-I- Duplicate section &l Validate

Descrietion Qrillstring]

o S m ol m amm e Bit
~
£ 4 1/2"x 2 3/4" HWDP Grnt Prid

geometry contact* connection = tooljeints H structure | sections | image ‘
Advanced editing Additional tools

& 57 x 3HWDP Grant Pridkco - 5 — Parl};f:::on Description Type OD,in ID,in CD.in Length, ft
S ) 1 8.25 45 8.25 20.9

& 5" x 3" HWDP Grant Prideco - S5p B 11 Uniform B.25 15 T 215

= 5 12" x 47,HWDP GrantPrideco 1.2 2 Uniform 66252 45 66252 12

@ 5 12" % 4" HWDP Grant frideco 5 e - S = = = 2
.o ! . . . . . 12

g;;’g*::t:gs ot r!jem < Drillstring Part Editor interface: 175
X . rantgriaeco

5 HWDP Standard 03 e Pipes/sections table

5 IR [s] |
5 Training units
g Old_Tools
g Old_User Tools
= PDCDrillBits_1
g Sample Database
s Sample units

e Tools for the part model parameters
description

e Part structure inspector (optionally)
=
[

&

-

e Part schematic image (optionally)

= B Training units o o Part side section view (optionally) :
e Part tool joints wizard (optionally)

= Drill Bits

T Driling Collar
= LWD Tools

= Dril Pipe

100z

0

£ HwoP
=]

<>

m

= 65/8" HWDP

T AR
T Reamer
5 Stabilizer

= RSS units

= Mud Motors
T Accelerator m
5 sub B
T Crossover

P T —

< 1 » StringPartDatabase -> Sample Database | Training units\HWDP | 6 5/8" HWDP

[oc )t ) (oo ]

Inner Diameter,in

[}] 5 10 15 20 25 30
Distance from bit, ft

Part image

Note! Modification of part description is available for the not-read only database
files only.
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Part description concept

In accordance to the generalized description any part is presented by set of
pipes; the first one (or the single for simple parts) is the shaft pipe, the rest ones are
the outer pipes.

Shaft pipe Outer pipes

I
Each pipe consists of arbitrary set of Uniform and Blade sections. Each section

can be presented by flexible beam element, or absolutely rigid body; 3D finite el-
ement model of non-uniform component can be incorporated in the description®,

Blade sections —\I/

Uniform sections

Part-wellbore interaction is defined by circle-cylinder and points-cylinder con-
tact forces; contact circles and points are placed on the part, hole is modeled by
cylinder.

Several kinds of sibling section connections are supported: tool joint, hinge, CV
joint, bend sub, arbitrary bushing connection, mud motor pump. Several kinds of
section ends - wellbore interaction are supported: none, contact, offset, pad, fixed
node.

Any outer pipe should be linked directly or by other pipes to the shaft pipe; dif-
ferent types of bearings, bushings, hydraulic/mechanical positioning systems, mud
motor interaction and bushings are available.

Detailed description of the drillstring part model in DSA environment is pre-
sented in Setc.x of the Manual.

! The 3D FEM model usage functionality is not presented in the current documentation.
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Part Editor GUI

Part Editor GUI consists of several elements:
» Head menu

Head menu contains basic and advanced tools for part structure description, as
well as auxiliary visualization tool controls:

|:|"' Add pipe _{_;‘}} ||"' Add section {F’ Move up _@. | % = E
Delete pipe ||' Delete section & Move down - i Hr
i . Fipe i . i Blade well Sections Part Side Part
[r"' Duplicate pipe  finls Iﬁ- Duplicate section & Validate geometry contact = conmection = ||| structure | Section | images
Description Advanced editing
[* - add pipe;

[= - delete selected pipe (Note: Shaft pipe cannot be removed);
[+ - duplicate selected pipe;
% - display/hide pipe links editor;

ii* - add new section for the pipe;
ii= - delete selected section;
if - duplicate selected section;

4r - move section close to the downhole end of part;
<> - move section far from the downhole end of part;
< - validate part description.

Advanced editing tools enables detailed description of blade section geometry
and model settings (Blade geometry), well-interaction model for the upper end
point of section (Well contact) and parameters of connection with upper section
(Sections connection).

One can use Part structure button to display/hide Part structure tree that can
be useful for navigation in the description of the complex components.

Use Side section button to show the side section image of the part. The image
Is updating interactively during modification of the part description, and can be
used for visualization of links, connections and nonstandard contacts marking.

1002 Drillstring Scheme

Diameter, mm
@ o 8 B8
Eng

g

& oo oa[Ed BB

0 1 2 3 4 5
Length (from bit), m

! Description will be added in the next version of the Manual
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Table control is used for output and editing of pipes and section parameters; one
can edit white-colored fields to modify the description.

Bit
A Part/Section Type ODmm IDmm CD,mm Length m Alignment, m
& |E 1 Shaft 203.2 7112 203.2 9,144 o
11 1 Uniform  203.2 7112 203.2 0.9144
M 1.2 2 Uniform 1524 7112 152.4 1.8288
1.3 3 Uniform  177.8 71.12 177.8 009144
z 1.4 4 Uniform 1524 7112 152.4 1.3288
2 15 5 Uniform = 177.8 7112 177.8 0.9144
1.6 & Uniform 1524 7112 152.4 1.8288
(€] 1.7 7 Uniform  203.2 7112 203.2 0.9144
B Table
=% <= output
g settings
o
4 I
Surface

Table output can be customized by Table settings tools placed on the left verti-
cal panel. GUI enables selection of parameters/columns to display in the table;

click on Table settings ¥ button, or use the fast access buttons to select parame-
ters for the table and turn on output format if necessary.

Bit
Parameters setting | Part/Section
~u & o=l ek =
B 5By X PP
= General e 1.2 Z
Part/Settio 12 i
Description TS 5
] Court E }E E
EDTFZZZP Check to display the ||
A | parameter column
oo
0]
Ch
Length -
Format [0 V
S

Digits number 5
Decimals number 1

Column width B0

o2 e

UL

Surface

Description

Type 0D, mm

203.2
Uniform 203.2
Uniform 152.4
Uniform 177.8
Uniform 152.4
Uniform 177.8
Uniform 152.4
Uniform 203.2

ID, m
711
711
711
711
711
711
711
711
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Parameters

Part description contains wide list of parameters.

Units _
Parameter . Description
SI | Imperial

General category - | A | fast access button.

Pipe/Section Pipe / section caption; used for specifying point on
the part in analyses.
Description Pipe / section description.
Count Part quantity.

Not available in Part Editor; used in Drillstring edi-
tor only.

Geometry category - | g | fast access button.

Type Section type: Uniform or Blade.
oD mm inch | Section: outer diameter of the pipe section.
Pipe: maximal outer diameter of the pipe sections.
ID mm inch | Section: inner diameter of the pipe section.
Pipe: minimal inner diameter of the pipe sections.
CD mm inch | Section: Contact diameter of the pipe section.
Pipe: Maximal contact diameter of the pipe sec-
tions.

Note: Contact diameter is equal to the outer diame-
ter for Uniform sections and set automatically; con-
tact diameter of Blade section is defined
additionally, and can be equal or greater then outer
diameter of blade section body.

Length m ft Length of the section.
Alignment m ft Parameter of multi-pipe parts description: distance
from the lower end of Shaft pipe to the lower end of
Outer pipe.

Note: Alignment field is available for Outer pipe
items only.
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Inertia category - | m | fast access button.

Material Material of the section.

If material is assigned for all pipe sections, the ma-
terial caption is displayed in the pipe material field,
the field is empty otherwise.

The user can set material for the section, or for all
pipe sections, or for all part sections by popup
menu tools.

Note: Material is selected from Material Database;
one needs to edit the database if part material is not
included in the database.

Lin. mass kg/m Ibm/ft | Linear mass of the section/pipe.

Linear mass of section is calculated automatically
from material density and cross section geometry.

Pipe linear mass is taken from the corresponded
mass value divided by the length value.

Mass kg Ibm | Mass of the section/pipe.

Mass of section is calculated automatically from
material density and section geometry.

Pipe mass is taken from the masses of the sections.

Note: Linear mass and Mass of section/pipe value
can be set manually in Advanced User and Devel-
oper modes. One needs to select the corresponded
row in the table and disable Auto mass... option by
pop up menu.

v Auto mass for all elements [Shaft]

Summary category - | 5 | fast access button.

Acc. Length m ft Accumulated length reference value (read only):

o for section: distance from lower point of the
pipe to the top point of section.

o for pipe: distance from lower point of the pipe
to the top point of pipe = pipe length.

Note: Value is available for the Shaft pipe only.

Acc. Mass kg Ibm | Accumulated mass reference value (read only):
o for section: mass of all sections from lower
end of pipe to the current section inclusively.
o for pipe: mass of all pipe sections.
Note: Value is available for the Shaft pipe only.
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Stiffness category - | =  fast access button.

Model type

Pipe model type:

o Flexible — pipe sections are simulated by flex-
ible uniform beams;

¢ Rigid — pipe is modeled with absolutely rigid
body of the prescribed geometry;

e 3D FEM model — pipe model is described by
3D finite element model (*.fss file), imported
from FEM software in accordance to the mod-
al finite element approach.

Lin. Axial. Stiff

kPa

ksi

Lin. Bend. Stiff

kKN/m?

Kip/ft°

Lin. Tors. Stiff

kN/deg

Kip/
deg

Linear axial/bending/torsional stiffness of the sec-
tion/pipe.

Linear axial stiffness of section is calculated auto-
matically from material characteristics and cross
section geometry.

Pipe axial stiffness is taken from the stiffness and
geometry of the sections.

Note: Linear axial/bending/torsional stiffness of
section/pipe value can be set manually in Ad-
vanced User and Developer modes. One needs to
select the corresponded row in the table and disable
Auto axial/bending/torsional stiffness... option
by pop up menu.

¥ Auto axial stiffness for all elements [Shaft]
v Auto bending stiffness for all elements [Shaft]
¥ Auto torsion stiffness for all elements [Shaft]

Safety category

- |[=1| fast access button.

Max. T

kN*m

Kip*ft

Max. F

KN

Kip

Value of the maximal admissible torque/force can
be applied to the section/pipe.

Note: Parameters are available for the Shaft pipe
only.

Note: Parameters are not used in the current ver-
sion of the DSA software.
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1.4.3. Well Trajectory Editor

Use Well Trajectory Editor button of the head menu to generate or edit file of
survey description.

= = E= b 4 —— +* ﬁ F: £ Temperature map [H] chen salution
= | |
B2 E @ 3 A |

' Pressure distribution

Mew  Open Materials Formations Fluids Part well Wellbore Drillstring )
project project database | |trajectory / BHA M Time history generator
| Projects Databases Tools Auxialiary tools |

Well survey is described by set of survey points; tortuosity is described addi-
tionally and added to the basic survey if enabled.

Trajectory can be saved in or loaded from xml file of special format (Wellpath
file *.wlp). The files are saved and loaded from Source directory\wellpaths\ folder
by default. The user can also Paste data from Excel table.

Survey station description

The GUI enables description of survey by point-by-point table input, or by set
of constant build/turn rate intervals defined from surface or from the selected
measuring depth.

- Sample Wellpath.wlp - Well Trajectory Editor = | E
‘wiell Trajectory o
aP New point 5= Insert before LR) %\i 5 Iy el ‘4 Mew plot | i, Point on surface | ||[l[lFf Full View | 5
Delete point Em Insert after u +|":| Create copy % Show survey paints Plat output style
Trajectory Tortuosity Check || Settings | _ PDF
Duplicate point X Clear generator [ Delete plot \ Trajectory smoothing report
| Description[Well Trajectory] ” Settings Plots ” PDF R... |
{# MDft Incdeg Azideg TVD,ft VSECft N+/S-ft E+/W-ft logleg, deg/100f ~ Flots | 3D scherme
i 0.000 0.00 0.00 0.000 0.000 0.000 0,000 0.00 TVD vs. Horizontal Displacement | MD vs. Dogleg
2 473,425 0,00 0,00 473.425 0,000 0,000 0,000 0.00
3 557.743 0.53 145.54  557.742 0.211 -0.322 0.221 0.63
Input fields ... Auto-calculated fields — ’ e e
B 793,963 0.53 42,44 793,953 -1.558 1.180 1,217 0.14
7 889,108 0,26 45,16 889.085 -2.172 1.657 1.667 0.28
8 994,094 0.09 145.53  994.081 -2.348 1.757 1.883 0.28 o
9 1085.239 0.09 45.48 1089.226 -2.375 1.746 1.980 0.14 :D:
10 1181.102 0.09 42,70 1131.089 -2,509 1.849 2,081 0.01 = 40
11 1275.247 0.09 292,43 1275.233 -2.579 1.933 2.062 0.16 \
12 1371.391 0.09 8.6 1371.378 -2.651 2.035 2.005 0.12 \
13 1468.535 0,18 266,38 1466.522 -2.658 2,100 1.867 0.23 M
14 1555.118 0.18 272.01 1555.104 -2.547 2.096 1.589 0.02
15 1650.262 0.35 143.51 1650.248 -2.345 1.867 1.612 0.51 I Horizontal Displacement, ft
16 1837.270 n.18 1AA.56 1R37.754 -1.R10 1170 2.010 n.11
4 }

%, = and ** buttons enable adding new, delete and copying survey points
presented by lines in Well Trajectory Editor table.

Trajectory is described by editing of MD, Inclination and Azimuth values in
the lines of the table.
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TVD, VSEC, N+/S-, E+/W- and Dogleg parameters are evaluated automatically
from the input data. Editable fields of the table have white coloring, auto-
calculated ones are marked with grey.

Input trajectory is visualized automatically by 2D plots and 3D view placed
right to the input table:

» 2D plots

All the table parameters can be added on 2D plots; one can add (O),
delete () or duplicate (&) plot to the right panel, and customize the parame-
ters on horizontal and vertical axes by pop up menu controls.

<
x, Sample Wellpath.wlp - Well Trajectory Editor = | B ||
F
B o
el Trajectons 7]
25 New point 5= Insert before I\) &i = 5 Y vt 3 Mew plat i Point on surface | ||[|U.'-f Full View | 2
T o] LS — ==
te point Em Insert after = = = halad T“J Create copy % Shiow survey points Plot cutput style
Trajectory Tortuosity Check || Settings || _ PDF
>< Clear generator || O Delete plot k\Trajecbar\-I smoothing report
| Description[Well Trajectory] ” Settings | Flots ” FDF R... |
“¥7 MD,ft Ingdeg Azjdeg TVD,ft VSEGft N+/sfc || "t |3D scheme
1 0.000 0.00 0.00 0.000 0,000 0.000 TVD vs. Horizontal Displacement | MD vs. Dogleg|
2 473.425 0,00 0.00 473.425 0.000 0.000
3 557.743 0,53 14554 557.742 0211  0.322
4 626.640 0.62 12,30 626,638 0.017  -0.220
5 707.021 0.53 28.82 707.014  -0.780 0.531 0 1000 2000 3000 4000 5000
6  793.963 0,53 4244 793.953  -1558 1.180
7 889,108 0,26 4516 889.095  -2.172 1.657
8  994.004 0.0% 14553 994.081  -2.348 1.757
3 1089.239 0,08 4643 1089.226  -2.375 1.746
0 1181102 0,09 4270 1181089 2509 1849 Ordinate i’
11 1276.247 0.09 29249 1276.233  -2.579 1.933 i Abscissa MD
12 1371391 0.09 8.69 1371378 -2.651 2.035 Exchange abscisse-ordinate for plot Inc
13 1466.535 0,18 26633 1466.522  -2.658 2,100 . outi Az
14 1555.118 0,18 27201 1555.104  -2.547  2.096 g ptions... E
15 1650.262 0.35 14351 1650.248  -2.345 1.867 = Show all i )
; - @  Horizontal Displacement
16 1837.270 018 168.5 1337.254  -1.810 1.120 Show according the ruler pointers
17 1929.134 0.45 130,54 1929.116  -1.530 0.744 08 Copy to clipboard [t
13 1968.504 140 18594 1968.481  -1.072 0.165 Print... E+/W-
19 2066.229 435 198,25 2066.772 3802 4.577 i Dogleg
Fix tool panel
0 2165.354 7.34 200,58 2164674  13.808 -14.010
Show ruler
21 2263.780 10,34 20156 2261819  28.926 -28.114 M
-
22 2293734 11,25  201.76 2291343 34535 -33.328 Saveto file .csv.
23 2362.205 11,25 20176 2358499  47.891 -45.734 G Show ordinate value
24 2460630 11,25  201.76 2455033 67.090 -63.568 )
Save parameters to file...
25 2553,055 11,25  201.76 2551567 86283 -81.401 )
= | —— tsnr  nnd o I P WY S Read parameters from file...
4 3 174 Tree

GUI enables the following plot output format settings:
.. - add surface survey point on plots (if not defined in the table);
% - highlight survey point on plots;

. - smooth plots by adding intermediate points between survey stations in ac-
cordance to minimal curvature equations;

0 - set full view for all plots;

- switch between 2D plot display modes: one plot for tab, or several plots on
single panel.
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> 3D view

Spatial well trajectory view is available on 3D scheme page of the right panel.

A0 zcheme

(o = =

Trajectory intervals generation

The GUI enables generation of survey stations from the set of Turn Rate / Build
Rate intervals defined from the end point or from the surface point of the well tra-

jectory (end point).

One can use Trajectory generator wizard to define Bit Point measured depth,
inclination and azimuth, step of generating survey stations (MD Increment) and
list of intervals defined by end point measured depth, build rate and turn rate.

i ™
Well trajectory: Constant curvature intervals 0 8 ﬁ
Dezcription pe
(1 Intervals from surfaze @ Intervals fram bit MDD Increment ft 'IEIEJ
Bit point
i 139.35 I Inclination, deg 45 I Azimuth, deg 158
Pohid X
MD, ft  Build rate, deg/100ft Turn rate, deg/100ft Interval, ft Inc, deg Azi, deg
1 500.000 4.00 0.00 1500000 - 5300000 .00 15.00
2 400,000 1.00 0.00 500.000 - 400.000 4,00 15.00
3 300.000 0.00 0.00 400,000 - 300000 4.00 15.00
’ Generate ] ’ Cloze ]
L - T — N — - e

Click Generate button to create survey stations in accordance to the input data.
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Well tortuosity description

GUI enables description of well trajectory as the combination of basic survey
points defined in the table, and tortuosity intervals — intervals of harmonic varia-
tion of inclination and/or azimuth along the trajectory.

Click Tortuosity button on the head menu to take into account tortuosity inter-
vals, which can be defined on the bottom table:

=\ Sample Wellpath.wlp - Well Trajectory Editor” = | E |t S
J el Trajectory
wiell Traject o
ok New paint 2 Insert before I\j i“i = S o et T New plot | ... Point on surface | |||]U.'-f Full View | B
T & ’—\ = =
Delete point E“’ Insert after B = & || h Create copy % Show survey points Plot output style
Trajectory | Tortuosity Check || Settings || _ PDF
Duplicate point 'X Clear generator [ Delete plot \ Trajectory smoathing report
| Description[Well Trajectory] || Settings || Plots ||PDF R...
‘# MDft Incdeg Azideg TVD,ft VSECft N+/S-ft » Plots | 3D scheme
1 0.000 400 1500 0,000  0.000 0.000| ||| TVD vs. Horizontal Displacement | MD vs. Dogleg|
2 300,000 1.44 1193  299.637 14.226 13.794
3 310.000 2.30 1296 309.632 14.552 14113
4 320.000 3.23 1407 319.620 15.035 14.581
1] 40 ap 120
5 330,000 4.18 15.22 329,599 15.681 15.207
& 340.000 5.13 16,36 339.566 15493 15988 Tortuosity effect visu-
7 350,000 G6.04 17.45 349.519 17.465 16.918 ] . .
alization on 2D plots:
3 360,000 6.87 18.44  359.455 18.588 17.987
3 370.000 7.60 19,32 369.375  19.844  19.178 N [gray—black] — w/o tor-
10 380.000 .19 2003 379.281 21213 20,472 == tuosity;
11 390.000 .63 20,56 389,173 22,669 21844 [red_blue] - Wlth tortu_
12 400,000 3.91 20.89  3589.056 24,187 23.270 OS|t
13 410,000 9.10 21.00  408.933 25.743 24731 y
14 420,000 311 20,89 413,807 27.317 26,208
15 430000 /.94 .57 47A.ARI JRRTA ITETE T = 4615
« ’ =
=
Tortuosity
Fe=H X4
# From,ft To.ft Length, fi Amplitude,deg Period, ft Variation t.\
1 0 1000 "E 328084  Inc A0
2 0 1000 1000 & 328084 Az
3 1000 1500 500 5 328084 Inc
Tortuosity parameters input \
fields M
Horizontal Displacement, ft

Well trajectory description can be verified with the Verify Data button placed
on the top panel of the Well Trajectory Editor window.

Data reporting

Well trajectory description can be reported as PDF document with the =l put-
ton placed on the head menu of the editor window.
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1.4.4. Wellbore Editor

Use Wellbore Editor button of the head menu to generate or edit file of well-
bore construction description.

E = = @ ‘g )g =&= :: . Temperature map [H] chen salution
= ) | el
- “‘—‘—‘J = ' Pressure distribution
MNew Open Materials Formations Fluids Part Well Wellbare | Drillstring ;
project project database || trajectory JBHA S Time history generator
| Projects Databases | Tools Auxialiary tools |

Wellbore construction is described by set of intervals defined by inner diameter
vs. measured depth; hydraulics parameters of the wellbore can be defined optional-
ly.

Wellbore data can be saved in or load from xml file of special format (Wellbore

file *.wlb). The files are saved and loaded from Source directory\wellbores\ folder
by default. The user can also Paste data from Excel table.

Wellbore construction description

%, = and " buttons enable adding new, delete and copying wellbore inter-
vals presented by lines in Wellbore Intervals Editor table.

r '1

Sample Wellbore.wlh - String Editor® = | E S
wellbore construction (7]
apF Add interval = Insert before selected ' - }n\\\ l f | A Marks | B
Z 3 ] i ; =
= Delete interval | Ee Insert after selected — - b I 1002 Show all
o= Verify Materials... Formations... Weak Pressure Scheme PDF
&L Create copy X Clear data zones gradients report

Description[Wellbore] | Databases || welbore Hydraulics || welbore scheme  ||PDFre...|

# Interval Type Name Measured Depth, ft Inner Diameter,in Overgauge,in Friction Factor Material/Formation
Surface 0,000 15.00 0.25 0,200 Steel
1 Cased hole 1 500,000 15.00 0.25 0,200 Steel
2 Cased hole 2 1500,000 12,50 0.25 0,200 Steel
3 Open hole 3 7000.000 12.25 0.15 0.200 [ iarble:

Wellbore interval is defined with Measured Depth of the end point, interval
type (Open hole or Cased hole), hole diameter calculated from basic Inner diame-
ter value and Clearance adding, and drillstring-wellbore walls Friction factor. Ma-
terial is specified for Cased interval; Formation — for Open hole section.

Parameters of the intervals can be specified by editing of the values in the table
lines.
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Diameter of the hole for analysis is calculated by summation of the Inner diam-
eter and Clearance values. One feet transient sections are used for smoothing of
hole diameter between sibling intervals, see the scheme on figure below.

Wellbore axis Rig table plane

i

[ D

MD: i —>

MD- Y !
|

! D,

MD3 — >

v 5
T , |

1 D,
I
i
v |

Input data is visualized automatically on the scheme placed right to the table.

-

- Sample Wellbore.wlb - String Editor* Elm
| !
— | ‘Welbore conshuction (7]
l:,':',:l Add interval E“’-‘ Insert before selected ' % \ lﬂl A Marks E
A 2 | Avars] | =
— Delete interval | B Insert after selected = o 007 Shaw all
- Verify Materials... Formations... Weak Pressure Scheme PDF
‘ dk Create copy 'X Clear data zones gradients report
| Description[wellbore] Databases || wellbore Hydraulics || Wellbore scheme  ||PDF re...|
# Interval Type Name Measured Depth, ft Inner Diameter, in rgaug wellbore Intervals
Surface 0.000 15.00 0.25
1 Cased hole 1 500,000 15.00 0.25
A Cased hole 2 1500,000 12,50 0.25
3 Open hole 3 7000.000 12.25 0.15
+H
2
o
e
fa}
-]
5
=
a4
L
=
. |:| , Inner Diameter, in

Data verification

Wellbore description can be verified with the Verify Data button placed on the
top panel of the Wellbore Intervals Editor window.

Data reporting

Wellbore description can be reported as PDF document with the =l button
placed on the head menu of the editor window.
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1.4.5. Drillstring / BHA Editor

Use Drillstring/BHA button of the head menu to generate or edit file of drill-
string or assembly description without starting new project.

= = E=3 b 4 S— =5 =&= Eree L Temperature map [ chen solution
= | sEmiih
5 ¥ | a3 @ o] N e

' Pressure distribution

MNew Open Materials Formations Fluids Part Well Wellbare | Drillstring ;
project project database || trajectory JBHA S Time history generator
| Projects [| Databases [ Tools [| Auxialiary tools |

Drillstring and bottom hole assembly design is described as the set of drillstring
parts in “from bit to surface” order.

Division between drillstring and BHA description in DSA GUI is conventional;
real drillstring is normally described in DSA GUI by BHA and the upper drill-
string. Input GUI and internal format are identical, but drillstring description is
stored in XML file with *.drs extension, BHA file has *.bha extension. The files
are saved and loaded from Source directory\drillstrings\ folder by default.

List of parts / pipes / pipe sections is stated in the main input table; Side Sec-
tion and Part Images buttons on head menu enables visualization on the assembly
during creation.

.
Sample Rotary BHA.bha - String Editor = | B S
| et
Dirillztring 7]
% Add part Add section Mave up e —— =
I addos = = B k=g B | B
Delete part De tion Move down - —_
_ Part art Blade Ve Sections Side Part Generate
D te Duplicate section & validate Database || editor geometry contact - connection sections | images report
| Description[BHA 1] I| I Advanced editing || Additional tocls || PDF Report|
Bit
A Part/Secti.. Description Count Type 0D, in ID, in CD, in Length, ft Material
ﬁ = 121/4" PD.. 1 12.25 1 12.25 1.5026 Steel -
Cutting str. Uniform 12,244 1 12.244 016732 Steel
M Body Uniform 12.25 2.8 ) i
- Shank Uniform 825 23 Table of parts/ pipes/ 1 E
= 12 1/4 Sta. 1 8.25 3 . H
Ee Eottom Uniform 8.25 3 sections parameters
Blade Blade 8.25 3 TEED ZwuLy suee]
@ Top Uniform 8.25 3 8.25 049369 Steel
1] | = Collar 1 8.25 3 8.25 5] Steel
1 Uniform 8.25 3 8.25 5 Steel
| + MFR tool 1 8.25 5.23 8.25 27.999 Steel
+ 12 3/16" 5. 1 8.25 31 12.1838 6.0007 Steel
= MWD tool 1 83.25 517 8.25 22.001 Steel
) 1 Uniform 8.25 517 8.25 22.001 Steel
gm | Crossover 1 8.25 3 8.25 2.0013 Steel
B | & 121 /4 Roll. 1 1225 28 12.25 10.003 Steel
g 1 Uniform 8.25 28 8.25 2.0013 Steel
i 2 Uniform 12.25 2.8 12.25 5.0007 Steel
b 3 Uniform 8.25 2.8 8.25 2.0013 Steel -
Surface
00: | 5 Side section
B Assembly —
oo £ s . . .
o visualization tools e
o 4 i
m g
& 0 50 100 1680 200 250 300 350 400 480 500 580
) Distanee from bit, ft
h
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GUI enables several variants of the assembly description:

» Adding parts from String Part Database

One can open String Part Database window by main menu, or Part Database

button on the head menu.

Drag-drop parts from the database tree to the editor table to add the part to the
end of the list (top end of the assembly). Parameters of the part are displayed in the
last lines of String part table. One can use Move Up (@) or

Move Down (<) buttons on the top of the table to change the order of the parts in
the list.

s
Sample Rotary BHA.bha - String Editor =
£ g
e . /J
g Dirillztring [ “ | PartDatabase Part Editor
JI*® add part [1* Add section 4 Move up — o 5 2 [:5 New DB folder “4 Add new database
= = =
]:[' Delete part & Move down = Delete DB foldel Delete d
_ - Part Side Part Generate
]T-l- Duplicate part ate sectior & Validate Database | ||| sections | images report Duplicate DB folder Duplicate database
| Description[BHA 1] | ” Additional tools ” PDF Report| String Part Databases
Bit J & 5°,Drill Pipe,5 1/2 FH,E75,IEU, 2! ,
A Part/Secti.. Description  Count Type oD, in ID, in = 57Dril Pipe, 5 1/2 FH,G105,IE,
[t | 12 1/4'| PDu 1 12,25 1 & 5°,Drill Pipe,5 1/2 FH,5135,IEU,.
-l 12 1/4 5ta.. 1 2.25 3 & 5",Drill Pipe, 5 1/2 FH,X95,IEU, 2!
L \f;gl;r‘l 1 g-:g 523 & 5",Drill Pipe, NC50 %H,E75,1E, 2
+ Iy . ..
3 12 EIIEE!'DS . & 5°,Dril Pipe,NC50 XH,G105,IEU,
S MWD fool 1 Drag part from the & 5°,Dril Pipe, NC50 XH, %95, TEU, 2
% : — pes 1/2 TS e
2 12174 kot : database tree to e > /0ril Pipe,5 1/2
= " colldir 1 the tabl & 5",Drill Pipe, 5 1/2 FH,G105,IEW,
s1] B o 1 € table & 5°,Dril Pipe, 5 1/2 FH,5135,IEU,
Move up/Move down 1 8 3 & 5",Drill Pipe, 5 1/2 FH,X95,IEU, 1¢
R art in the list i 3'55 455 & 57, Drill Pipe,H90,6105,1EU,19.5
e p s === B & 5",Drill Pipe,H90,%95,1EU,19.5 p
= 8" Accelera.. 1 5 3 & 5,Oril Pipe,NC50 XH,E75,IEL, 1
g 65/8" HW.. 2 8.25 4.5 & 5", Drill Pipe,NC50 ¥H,G105,IEU,
] 5
o _5,,551511*];81 _ 1 < & == & 5",Drill Pipe NC50 XH,5135,1EU,
_. - =2
. = = — & 5°,Drill Pipe, NC50 %H,X95,IEU, 1
e ] & 5 1/2,Drill Pipe,FH,E75,1EU, 24,
& 5 1/2,Drill Pipe,FH,G105,1EU,2{=
| 5 S — & 5 1/2",Drill Pipe,FH,5135,IEU, 2+
o B o & 5 1/2°,Drill Pipe,FH,X95,1EU, 24,
E R e == & 5 1/2",Drill Pipe,FH,E7S,IEU, 21.
] A o e e ——— e & 5 112" Drll Pipe,FH,G 105,16, 2
53 -5 - - - &= C 1/7" Mrill Dina EH 4126 TR 7
ElN g 4 1
8 a 50 100 150 200 250 300 350
> Diiztance frora hit, ft

If it is necessary to add multiple instances of a part one can repeat drag-drop
procedure several times, or just specify the number of repetitive parts in Count
column of the table. The Plural part image is used for the part in string scheme if
the count is more than one.
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> New parts creation

Drillstring Editor GUI enables creation of new parts and modification of the
units taken from String Part Database. One can use head menu buttons to add new
part (I#), delete (I%) or duplicate () the selected part.

Drillstring Editor parts description tools are based on String Part Editor inter-
face (see Sect.1.4.2.1). Head menu controls enable description of simple “single
shaft” parts. One can select a unit and click on Part Editor button to create/modify
the multi-pipe component in separate String Part Editor window.

dh iidh . Fros ma) [
H Add part 1™ Add section 4} Move up e :
][= Delete part Delete section Move down = —
Part [Part] Blade well Sections
[f% Duplicate part Duplicate section | & Validate Databaze || details... |geometry contact= connection
| Description[BHA 1] ” | Advanced editing |
=) Collar - Part Editor S | B it
f — —
_-'/ Part Editar (7]
|:|" Add pipe ) ||"‘ Add section Move up g i ==
B o = i = |
Delete pipe 1= Delete section 4L Move down 2 -E*; 0 8
Pipe Blade well Sections Part Side Part Accept  Cancel
[P Duplicate pipe  jinks ife Duplicate section | & Validate geometry contact ~ conmection = || structure | Section | images
Description Advanced editing Additional tools Editor
- Bit
A Part/Section  Description Type OD,in ID,in CD,in Length, ft Alignment, ft Lin.mass, ppf Mass, lbm
? = 11 Shaft 8 2.3 15 11.998 0 102.66 1231.7
2= | 111 Uniform 8 2.3 8 2.9987 15011 450.13
™ 1.1.2 2 Uniform 6 2.8 6 60007 75.268 451.66 1
- 1.1.3 3 Uniform 7 2.8 7 2.9987 110.01 3299
B! 1.2 Pipe#z 11 8.4 15 9.8425 0.25 0 0
z 121 Section 1 Uniform 10 8.4 10 3.2808 0 0
— 122 Section2 Uniform 11 8.4 11 3.2808 0 0
1| 12.3 Section 1_copy Uniform 10 54 10 3.2808 0 0
=] 1.3 Pipe#3 15 12 15 9.8425 0.5 0 0
131 Section1 Uniform 15 12 15 3.2808 0 0
B 1.3.2  Section_2 Uniform 15 12 15 3.2808 0 0
o 133 Section3 Uniform 15 12 15 3.2808 0 0
=
L~ I 1 3
Surface
1007 Side section
| 8 _ : 8 i
. R NN SESE SN ESEISSSSS S
0k
~ [ 4
Sz .
o
£12 o
(1]
|© °
= -4
o S 7]
& . Y N
s 0 1 2 3 4 5 8 7 8 3 10 1 12

Length (from bit), ft

Units: Imperial (API) Mode:

Click Accept Q to apply part description changing, or Cancel 8 to reject
the modification.
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Description of input table parameters specific for part rows are stated below.

Parameter

Units

SI | Imperial

Description

General category - | A |fast access button.

Part/Section

Part / section caption.

Description Part description.
Count Part quantity.
Not available in Part Editor; used in Drillstring edi-
tor only.
Geometry category - | g | fast access button.
Type Section type: Uniform or Blade.
oD mm inch | Maximal outer diameter of the part.
ID mm inch | Minimal inner diameter of the part.
CD mm inch | Maximal contact diameter of the part.
Note: Contact diameter can be not equal to outer
diameter for parts containing blade sections.
Length m ft Length of the part, calculated from the length of
Shaft pipe.
Alignment m ft Parameter of multi-pipe parts description: distance
from the lower end of Shaft pipe to the lower end of
Outer pipe.
Note: Alignment field is available for Outer pipe
items only.
Inertia category - | M | fast access button.

Material Material of the part elements (reference info field).
If material is assigned for all sections of the part,
the material caption is displayed in the pipe materi-
al field; the field is empty otherwise.

The user can set material for the section, or for all
pipe sections, or for all part sections by popup
menu tools.

Note: Material is selected from Material Database;
one needs to edit the database if part material is not
included in the database.

Lin. mass kg/m Ibm/ft | Linear mass of the part.

Part linear mass is taken from the corresponded
mass value divided by the length value.
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Mass

kg

Ibm

Mass of the part.

Mass of section is calculated automatically from
material density and section geometry.

Note: Linear mass and Mass of section/pipe value
can be set manually in Advanced User and Devel-
oper modes. One needs to select the corresponded
row in the table and disable Auto mass... option by
pop up menu.

v Auto mass for all elements [Shaft]

Summary categor

y -| & | fast access button.

Acc. Length

m

ft

Accumulated length reference value (read only),
taken with the account of part quantity.

Value is calculated as the accumulated length of the
previous part, plus Shaft pipe length multiplied on
part quantity.

Note: First part Acc. length value is equal to the
part length; the last part value is equal to the total
assembly length.

Acc. Mass

kg

lbm

Accumulated mass reference value (read only),
taken with the account of part quantity.

Value is calculated as the accumulated mass of the
previous part, plus part sections mass multiplied on
part quantity.

Note: First part Acc.mass value is equal to the part
mass; the last part value is equal to the total assem-

bly mass.

Stiffne

ss category - | % | fast access button.

Model type

Part pipes model type (reference value):

o Flexible — all part sections are simulated by
flexible uniform beams;

¢ Rigid — all pipes are modeled with absolutely
rigid bodies of the prescribed geometry;

e 3D FEM model — all pipe model are described
by 3D finite element models (*.fss file), im-
ported from FEM software in accordance to
the modal finite element approach.

o Flexible + Rigid, etc. — combinations of the

upper stated variants
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Lin. Axial. Stiff

kPa

ksi

Linear axial/bending/torsional stiffness of the part.

Part axial stiffness is taken from the stiffness and
geometry of the sections.

Note: Linear axial/bending/torsional stiffness of

Lin. Bend. Stiff

kN/m?

Kip/fe

part value can be set manually in Advanced User
and Developer modes. One needs to select the cor-
responded row in the table and disable Auto axi-
al/bending/torsional stiffness... option by pop up
menu.

Lin. Tors. Stiff

kN/deg

Kip/
deg

v Auto mass for all elements [Collar]
v Auto axial stiffness for all elements [Collar]

¥ | Auto bending stiffness for all elements [Collar]
v

Auto torsion stiffness for all elements [Collar]

Safety category

- |[%1| fast access button.

Max. T

kN*m

Kip*ft

Reference value of the maximal admissible
torque/force can be applied to the part pipes.

Max. F

KN

Kip

Note: Parameters are not used in the current ver-
sion of the DSA software.

Data verification

String description can be verified with the = button placed on the head menu
of the editor windows.

Data reporting

String description can be reported as PDF document with the =l putton placed

on the head menu of the editor window.

.
Sample Rotary BHA.bha - String Editor = | B S
| e
Dirillztring 7]
# Add part d ve up oI ] =
I i e I = = = - Bl
Delete part De ove dowr = =
) Part Sections Side Part Generate
Duplicate part Duplicate section aﬁ Validate Databaze editor geomefry contact~ conne sections | images report
| Description[BHA 1] ” Advanced editing Additional tools || PDF Report
Bit Report tree
Al Part/Secti.. Description Count Type 0D, in ID, in B B | 5 2 | | == ]
t {E 121/4" PD.. 1 12.25 1 .| M3 Tabe
] Cutting str.. Uniform 12.244 1 O ) Brief
Body Uniform 12.25 2.5 ® S| Detaied
— Shank Uniform 3.25 2
s 12 1/4 Sta. 1 825 k] Assembly Scheme
Bottom Uniform 8.25 3 - L] Side Section View
4 0 »
Surface
100 E‘!\ Side section
5
|z s
g
2
=
2 §°
& o 100 200 300 400 500
o Distance from bit, ft Generate report l l Cancel
.
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1.5. GUI Drillstring Analysis Project

DSA Software enables solution of different types of problems related to drill-
string dynamics. Problem formulation for different types of analysis requires di-
verse source data.

Project structure

To simplify the analysis procedure of for the user the DSA GUI units all the
source data related to the different types of analysis, as well as analyses settings
and calculated results in a Drillstring Analysis project (Project).

GUI enables run of single or several projects of the following content:

e Drilling Information
Source data on well trajectory, wellbore intervals, BHA and drillstring de-

sign cases used in the project.

e Analysis
Each type of analysis within the Project can contain any number of pa-
rameter sets — scenarios — that can be run in parallel threads or one by
another. Scenario corresponds to the definite position of the drill-
string/BHA in the well, set of operational settings and options specific for
the analysis.

Project data storage
The following catalogues/files structure is used for project data storage:

=3 < Drillstring analysis project >\

_ _ Header project file contained all
.. <Drillstring analysis project>.dsaproj — source data and analyses

D oun settings
~|J) static
<S 01> Each folder corresponds to the
- D=scenario analysis type; subfolders correspond
s R to the scenarios defined for the anal-
_ ysis.
= [1<Scenario N>\
- Input.dat —» Assembly model file
- icf, *.xv, *.par, *.umd files —» Model settings files
L *.eqr, *.tgr, *frq files —» Reslts files

- Jtda
.. [3<Scenario 1>

Projects files are stored in Source directory\projects\ folder by default.
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Click button on the Main window top panel to start a new project. New
Project window will be opened. The user can Save or Save as the project with the
buttons placed on the head of Project window. One can also use buttons of the
Main window head menu to save or save as the active project.

The structure of the window pages is described in details in Sect.1.5.4.

DS
Afumy

General

IE,I Chen salution

Project structure

=] Project [Mew project]
[ Drilling information

= BHA[BHA]

£ (E) TnD analysis
[© General Operations
(O static analysis
(3 Time domain analysis
= Project report

TE&D: General Operations Siatic Analysis

Project Information

Analysis Date: 16.07.2020

Project Version:

*= Well Trajectory [Well Trajectory]
l': Wellbore construction [Wellbore cor| - Client Information

Parent Company Name:

= Drillstring [Drillstring]

Local Legal Entity Name:

Region:
Country:
Country Office:
CI\emLugu
/f\ Software
H.I'VERSAL MECHANIS

~Z
Well Information
Client:
Region:
Country:
Field:

Site:

Time domain analysis

Project report

Project File Info
Full path:

Drilling Contractar
Contractor Name

Product Lines:

Primary Engineer.
All Engineers Involved:

Contractor Logo

Mo Logo

Comments

= = == i = Lt i .
5 - I'E 3 ‘:; .?.: 7& ﬁ F: & Temperature map SR
= + Pressure distribution e
New | Open Materials Formations Fluids Part well Wellbore Drillstring ) Settings
project | project database || trajectory /BHA % Time history generator
\Projects ” Databases ” Tools ” Auxialiary tools ” Settings |
\
\ ’_| MNew - Project S
E - : s
Project info Drilling information o
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1.5.2. Save Project

New project is not saved to hard drive automatically. Click Save as... & but-
ton and specify the new project location in Save drilling project dialogue window
to save the project to disk.

[ ) l_l )= - i - . "‘ - — :- Sam-;e F;r-oject.dsaprcj - Project

Dis
AT} 1
Sl = Static Analysis Time domain analysis Project report
Recent projects
ﬁ Load
0. CWsers\PublicDocuments\UM S..\3ample Project
[ saveas Project File Info
B - 16.07.2020 Full path:  CAUsers\PL
% ) \Drillstring &
. Seffings
Drilling Contractor

Contractor Name:

== Dr\string [Drillstring]
= TnD anilysis Local Legal Entity Mame: Product Lines:

(7] Genehal Operations
Save or Save as...
the project

Region:

Country: Primary Engineer:

\ Country Office: All Engineers Involved:
r IEI zg ~
nls H \ Sample Project.dsaproj - Project =
M AJum )
= Project info Drifng information T&D: General Operations ticAnalysis Time domain analysis Project report (7]

32 save Drilling pkiect as A [&J
Search: PrOJECt
C:\Usersh PublichD ocumentsUM Software Lab\Diillstring &nalysis filename

ct -
=\PubliciDocuments\ UM S

4 L_:;' C:4sers\PublichDocumentst UM Saftware Lab\Drillstiing Analysish1!| + Proiect infa
22 NaborsBHAT Date: 16.07.2020 ers\PublicDocur

- + Tl analysis y .
2] Sample Project General Dperations [Total/Dane]: 0/ 0 tring Analysis\tig

y =8 Training project FF Calibration [Tatal/Done]: 0/ 0
+ Static Analysiz
Scenariog [Total/Done], 0/0 b
+ Trangient Dynamics Analysis — Vi
Scenarios [Total/Done]: 070 i

m

< | M | +
Client Logo Contractor Logo

Project caption
« ] i} | » T " b
Dizplay Maode : Show folders with Drilling project files anly Ummt wcmisly No Logo olvad:

MECHAN!SM No Logo

| ( ]HJWRﬂL

4| m | b | Well Information Comments

The project name is displayed on the Project window header.

Save d button is enabled and ¢ * > postfix is added to the project name while
any changing are made in the project.
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1.5.3. Open Project

One can load the previously created drilling project with Load & hutton on
the head menu.

Program scans the Source directory automatically for available drillstring
analysis projects. The list of projects lying in the Source directory or its sub-

catalogues is displayed on the left panel of the Open drilling project window. The
right panel contains the brief data on the selected project.

Click Ok to load the selected project in the new Project window. Click Cancel
to close the dialog without project loading.

DS
Alum/

General

E = @ E )ﬁ}' ﬁ :: ! Temperature map [M] chen sal
= el e \
e L—‘—‘J = ' Pressure distribution
Mew | Open Materials Formations Fluids Part Well

Wellbore Drillstring

| project] project fBHA || M Time history generator

Projects . | Tools Auxialiary tools
— Open project
ﬁ Cpen DANNG project

\ =
Search:

\ Froject : Training project -
C:AUsershPublichDocuments\UK Saftware LabhDrillstring Analysish] \p@ Froject path - C:A\UsershPublichDocumentshUl

4 -5 B zersPublichD acumentshIM Software Lab\Drillsting Analysish| + Project info
"2 Nabars-BHAT Date : 16.07.2020
- . + Tnl analysis
o4 Sample Project General Operations [Total/Donel 2/ 2
=2 Traiming project FF Calibration [Tatal/Donel: 0 /0
+ Static Analysis
Scenarioz [Total/Daonel 141
+ Trangient Dynamics Analysis
Scenarios [Total/Done]: 040

database || trajectory

4 I I

Client Logo Contractor Logo
] 1 3 e,
: e R
Dizplay Mode : Show all folders I I E.m E M Mo Loga
Training project J UM DrillSting = M,

[ Ok [ cancal |

One can use Recent projects list of application menu to load on of the recently
opened projects.

DIS
U Aum
= ) Recent projects
(5| Mew project ] . } £ Temperature map [H] chen solution
0. CAUzershPublic\Documents UM Soft.. A\Training project .
1. CMJzerstPublichD kstLIb Softve. M5 ampl ject Il e Pres deiriiton
= . 1. CAlsersiFuphciUocuments atbw. oaample project | sre  Drillstring
) Open project /BHA | 2w Time history generator

Auxialiary tools
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1.5.4. Project window

DSA Project window interface enables access to the General project info,
Drilling information, and Static, T&D and Time Domain analyses data.

1.5.4.1. Project navigation tools

Navigation on project items is implemented by Project structure tree placed
on the left panel, and partially duplicated by the head mean pages.

g%s_ =D
'A_urul..-

SampleProject.dsaproj - Project™

=) Projectreport

Project structure
navigation tree

Project info Drilling information T&D: General Operations Static Analysis Time domain analysis Project report
A =
= Open b New point E“’ Insert before L\I ﬁ % 7\?‘3 L= ‘13 New plot 5
& b e A
Save Delete point Em Insert after = = "a +|":| Create copy %
Trajectory | Tortuosity Check| || Wellhead Several Settings || _
Lﬂ Save as Duplicate point >< Clear generataor position wells ] Delete plot ‘*\
‘ File || Description[Well Trajectory] Wellpath collision c... H Settings H
Project structure '# MD,ft Incdeg Azideg TVDft VSECft N+/S-ft E+/W- ft dogl
B Project [SampleProject] 0.000 0.00 0.00 0000 0.000 0.000 0.000
& &'””'”g information i 473425 701 | 000 472245 26683 28928  0.000
|| -0 Well Trajectory [Well Trajecton] 557.1 Head men 38731 45171 -7.600
; .
ﬁ ;J::\Ib;;e}\c‘]onstrudlon [Wellbore] 626.6 B0 1713 43.335 15,204
i [BHAT] 707.0 page control B3  43.605 51854  -10.93
e Drillstring [Sample DS] ) )
. 793,963 07T 2 g rEE1h0 -63.546 68.721 0.407
=, TnD analysis
. 389,108 -19.11 45.16  879.975 -56.908 63.327 -5.082
= General Operations
. 404 na4 184 - -
= Rotary Drilling 1 : : 145,53 932.875 -38.957 48.670 15.382
= gide Drilling 1 Click to hide the Pro- 4648 1075.409 50933  56.347  -2.695
.:‘ Rotation OfFf Bottom 1 jeCt Structure panel 42,70 1167.087 -55.428 59.454 1457
= Pick Up 1 . 292,49 1261040 -46.333  43.294 4.637
& G)ackOff 1 12 1371391 18.19 §.60 1354062 -6L007  59.148 16.696
=" Back Reaming 1 13 1466.535 3.93 266,33 1447.614 -74.091 73.760 15.677
= Reaming 1 <[
g Fishing1 Tortuosity
= (2] Static analysis
© Sttcanal =% X2
£ Scenario 1
=" Scenario 2 # From,ft To,ft Length, ft Amplitude deg Period,ft Variation
=, Time domain analysis 1 328.08 32808 2952.8 20 328.084 Inc
= Scenario 1 2 0 0 (] 1 328084 Inc
£ Scenario 2 3 o o ] 1 328.084 Inc
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1.5.4.2. General project info page

Project Info page of the head menu contains general description of the project.
v" Project & project file information

o Analysis date - date of the last run of analysis or the project creation
date.

o Project version

o Project file full path (with direct access to project folder by pop up)

v" Client and Drilling Contractor information

Note: Double click on the Client Logo / Contractor Logo field to upload
the logo from file. Default set of logo image files is placed in Source
directory\logos\ folder. Select Clear logo menu item from the pop up
menu to erase the logo.

v Well information

v" Project comments

r ~
Dls | | = SampleProject.dsaproj - Project™ = | B S
[ Alum
| Prolectmtol Drilling information ~ T&D: General Operations Static Analysis ~ Time domain analysis  Project report (7]
Project structure Project Information Project File Info
I— (F Project[SampleProject] I Analysis Date: 1507 2020 Full path:  C\Users\Public\Documents\RiMoiWell
= AT - Engineering Software\1\projects
=] Drlling information
e . g ) . Project Version: \SampleProject
~ Well Trajectory [Well Trajectory]
4 Wellbore construction [Wellbore] Client Information Drilling Contractor
s BHA[BHA 1] Parent Company Name:  Client Company Ltd Contractor Name Contractor Company Inc
i Drillstring [Sample DS] )
= (&) TnD analysis Local Legal Entity Mame:  Client local entity Product Lines: Line 1, Ling 2
-1 (5) General Operations Region: oil reai
= Rotary Drilling 1 : i region
£ Slide Drilling 1 Country: Some country Primary Engineer: Engineer
= Rotation Off Bottom 1
= Pick Up 1 Country Office: Country Office All Engineers Involved:  a)l the team
£ SlackOff1 Client Logo Contractor Logo
=5 Back Reaming 1
= Reaming 1

g Fishing1
(O Static analysis

= Scenario1
£ Scenario 2

7+ (©) Time domain analysis DIBILLING TECHNOLOGY LTD,
= Scenario 1

MindMesh

= Scenario 2

- Well Information Comments
= Projectreport )
Client: Client Sample drillstring analysis project..
Region: Oil region
Country: Some country
Field: Field 1

Site: Site 35
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1.5.4.3. Dirilling Information page

Access to the Drilling information items of the project — well trajectories, well-
bore cases, BHA and drillstring cases — is realized by Project structure tree.

Project drilling info is displayed in the tree under Drilling Information node as

the sub nodes, grouped under Well Trajectories, Wellbores, BHA Cases, Drill-
string Cases nodes.

Dls . ] SampleProject.dsaproj - Project* = | B S
[ Afum/
— Project info Drilling information T&D: General Operations Static Analysis Time domain analysis Project report 7]
= Open ap Add interval E“’-‘ Insert before selected :1 -l ' = R - 2
fo . —
Save = Deleteinterval | B Insert after selected = = Item editor tools
Verify Materials... Formations... 'DF
[l save as... | % Create copy X Clear data Zones gradients |1 po ) report
File H Description[Wellbore] H Databases Wellbore Hydraulics h | POF re...
- A —
Project structure # Interval Type Name Measured Depth, ft ner Diameter, Wellbere Intervals
=i Project [SampleProject] Surface 0.000 15.00 0
E+-E+ Drilling information 1 F 1 500,000 15.00 500
= Wellpath Cases 2 Open hole 2 1500,000 12.50 1000
= Well Trajectory 3 Open hale 3 7000,000 12,25
= Well Trajectory 1 1500
C- @& Wellbore Cases 2000
|| | ~&F Wellbore 4 2500
iy 0 =
= ﬂ- qr Add wellbore | > Item details L
m= BHY — pelete wellbere A
% 0 g oupi The drilling info i [
= TnD an 2 Duplicate wellbore e .I’I Ing INTO Item E AT
Ger|  |Rename editor wizard is R
(C) Statica Clear calculated results placed on the r|ght 5000
Time domain analysis panel
[ Projectreport 5500
6000
& 500
7000
=20 o 20
a = ' Inner Diameter, in

One can select a node to display/edit the item details on the right panel; head

menu Drilling Information page is initialized by the corresponded item editor
tools.

The pop up menu enables the following operations with the selected item:
+ - add new item;

= - delete selected item;
% - duplicate selected item;
% - clear calculated results (delete results of all scenarios the item is used).

Note: The item data is read-only if the item is used in one or several calculated
scenarios. The = icon is used for read-only items in the Project structure tree.

If one will try to delete the read-only item the request on Clear calculated re-
sults will be generated automatically.
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Well trajectory cases

Well trajectory item description functional is described in Sect.1.4.3.
[ _\- [_T:::|: SampleProject.dsaproj - Project” @M

_'"%P—

um .
—/ Project info Drilling information T&D: General Operations Static Analysis Time domain analysis Project report (7]
(= Open P New point ™ Insert before IR) ‘iﬁi = 5 @? K | im |
S || & 2 =
n Save = [elete point E- Insert after = = = “hand —
+ _ _ Trajectory | Tortuosity Check || welhead Several Settings || plots FOF
(&l save as 4 Dupiicate point | 2% Clear generator position  wells - repaort
File | Description[Well Trajectory] || Wellpath collision c... || Settings || || PDF R... |
Project structure 1 MD,ft 1Incdeg Azideg TVD,ft VsECft || PPS | 3D scheme |
EHE Project [SampleProject] 1 0.000 0.00 0,00 0.000 0.000(_|//|[| TVD vs. Horizontal Displacement |Mp vs. | + | *
& E:””'”g information 2 473.435 7.01 0.00 472245  73.938
& e”path Cases 3 \ 557743 1843 14554 554440  45.171
e raecrry F‘Vt\ 626.640  -10.10  12.30 622230  48.335 3 o
E e rajecto
= lectory 5 707.021 17.07 3.82  701.683 51.854
E- @R Wellbore Cases
cn 6 793.963 10.17 42,44 786.150 68.721
& Wellbore 7 8839.108 19.11 45.16  879.975 53.827
=" Wellbore construction 1 ' - ' = .
BHA Cases 3 994094 3.84 145,53 982875 43,675 -
5 BHAA 9 1089.239 18.19 46,43 1076.409 56.347
- BHA 2 10 1181102 -11.67 42,70 1167.087 59,464
- Drillstring Cases 11 1276.247  -12.66  292.49 1261.040 43,299 - &
- q =]
2 Sample DS [ k Z
= Drillstring 1 T ortuosity
. n 4008
= (@) TnD analysis Fot| XA
General Operations - - _
EJ" Static analysis # From,ft To,ft Length,ft Amplitude,deg Period, ft &
&- (@) Time domain analysis 1 32808 32808 2952.8 20 328084n \
Project report 2 o o o 1 32B.084n co0
3 o o o 1 328.084n
Horizontal Displacement, ft
<« [ ¥

Wellbore cases description

Wellbore item description functional is described in Sect.1.4.4.
I _\' [_]—::'; SampleProject.dsaproj - Project™ E@g

Alum—
—/ Project info Drilling information T&D: General Operations Static Analysis Time domain analysis Project report (7]

= Open EDD Add interval E' Insert before selected ii ]" % }n\
i save == Delete interval E- Insert after selected Ll . ! =
Verify Materials... Formations... Weak Pressure PDF
‘ ﬂ Save as... +.|. Create copy )( Clear data zones gradients report
File 1! Description[Wellbore] Databases J| Wellbore Hydraulics || Wellbore scheme  ||PDF re...)
Project structure Name Measured Depth, ft Inner Diameter, in a1 Wellbore Intervals
=3 Project [SampleProject] 0.000 15.00 25
B Drilling information 1 Open hole 1 500,000 15,00 25
& *! Wellpath Cases 2 Open hole 2 1500,000 12,5025
g Well Trajectory 3 Open hole 3 7000.000 12,2515

-2 Well Trajectory 1
Wellbore Cases
X' Wellbore
= Wellbore construction 1
BHACases

o BHA

. - Zf BHA2

= we Drillstring Cases

g5 sample DS

= Drillstring 1

=+ (&) TnD analysis

General Operations

G- (Z) Static analysis

(@) Time domain analysis
Project report

Measured Depth, ft

-20 0 20
a D ' Inner Diataeter, in
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BHA cases description

Assembly description functional is described in Sect.1.4.5.

F
D_S\- E SampleProject.dsaproj - Project” @M
| +UM L J
—/ Project info Drilling information T&D: General Operations Static Analysis Time domain analysis Project report 7]
[ Load JI* Add part * Add section 4 Move up i . B ] == g
n Save l' Delete part = Delete section ‘ Move down = — [
_ & _ _ ) Part Part Elade Well Sections Side Part Generate
[l save as r“ Duplicate part | % Duplicate section | [# validate Database || editor geometry contact~ connection sections | images report
File Description[BHA 1] Advanced editing | _Additional tools || PDF Report|
Project structure Bit
= Project [SampleProject] Part/Secti.. Description Count Type 0D, in ID, in CD, in
£ E) Drilling information 121/4" PD.. 1 : 12.25 1 12.25 »
Lot Cutting str. Uniform 12.244 1 1224
B ﬁe”pam Cases Body Uniform 1235 28 12.25|=
- g Well Trajectory Shank Uniform 8.25 23 8.25
2 Well Trajectory 1 z 12 1/4 Sta.. 1 8.25 3 12.25
&% Wellbore Cases 3 Bottom Uniform 8.25 3 825
B “ . Blade Blade 8.25 3 12.28
e Wellbore £ Top Uniform 8.25 3 8.25
= Wellbore construction 1 [s] Collar 1 8.25 3 8.25
b BHACases 1 Uniform 8.25 3 8.25
H MFR tool 1 8.25 5.23 8.25
= 12 3/18" 5. 1 8.25 2l 1218
. gl BHAZ MWD tocl 1 8.25 517 8.25
[} p Drillstring Cases e 1 Uniform 8.25 517 8.25
= Sample DS a Crossover 1 8.25 3 8.25
r . D. a 12 1/4 Roll. 1 12.25 2.8 12257
g Drillstring 1 g «| o ] b
= (E) TnD analysis
General Operations
- (3 Static analysis 0| 5 Side section
- (3) Time domain analysis E i
-] Project report &
A o
g &°F
g 0 50 100 180 200 250 300 350 400 450 500 £50
o Distance from bit, ft

Drillstring cases description

Assembly description functional is described in Sect.1.4.5.

F
D_S\' \ ’| = SampleProject.dsaproj - Project” @M
[ Afum
—/ Project info Drilling information T&D: General Operations Static Analysis Time domain analysis Project report 7]
= Load H" Add part % Add section f Mowve up i . E . = E
£ == | =
n Save l' Delete part = Delete section ‘ Move down = —
) _ _ ) Part [5" Dril Pipe]  Blade well Sections Side Part Generate
A saveas || B oupicatepart | #% Duplicate section | @ validate Database details... geometry contact~ connection sections | images report
File Description[Sample D5] Advanced editing | _Additional tools || PDF Report|
Project structure Bit
=@ Project[SampleProject] Part/Secti.. Description  Count Type oD, in D, in cD, in
= Drilling information m 5" Drill Fipe 100 7 4 7
£ *° Wellpath Cases
-2 Well Trajectory
g2 Well Trajectory 1 z
=& Wellbore Cases *
22" Wellbore £
-2 Wellbore construction 1 Is]
[} pam BHACases |
25 BHA1
2 BHA2 T
% Drillstring Cases
=5 Sample DS =
g Drillstring 1 E
= (3) TnD analysis o i »
-~
General Operations g
(- (E) Static analysis v —
222 Time domain analysis d i
Project report —
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1.5.4.4. Analysis GUI

Drillstring analysis project can include any number of scenarios — blocks of in-
put data, analysis settings and calculated results. List of scenario nodes is placed
under the analysis node in the Project structure tree.

(A T8

-
SampleProject.dsapraj - Project™ EIE@

Project info Drilling information T&D: General Operations Static Analysis Time domain analysis Project report (7]
4F Add scenario E;'é D$° g, 2 ¢° b a w Display wellbore scheme
= Delete scenario ¢n Advanced model settings
% i . Validate Generate Run  Clear Validate all Generate Run  Clear Generate report
| 4 Duplicate io || scenario  meodel  analysis results scenarios  all models  analysis results for analysis ‘
Scenarios Scenario[Rotary Driling 1] All scenarios Report GUI Settings
Project structure @ Analysis setup
= Project [SampleProject Scenario Caption + | Advanced Senings‘ Paosition |E\«'em Log‘
[=)-[Z] Drilling information Caption:  Rotary Driling 1 20 Flat
B wellpath Cases ] ot | 30 scheme DS position in well
ell case
£ Well Trajectory ) _ 0
= well trajectol H Irou
= well Trajectory 1 jectory + | & Qq Y }4_. | o0
= & Wellbore Cases [We\l Trajectory '] E]
= Wellpore welbore construction —_— H 1000
=" Wellbore construction 1 [We\lbore v] @ ' 1 500
= pam BHACases H H
- o BHA1 Bit Position, ft 6708 Horizontal Displacément, ft 2000
= BHAZ 0} o 2000 400 2500
- = : :
& Drillstring Cases Drilling Information : : 3000
&' Sample DS Bottom Hole Assembly : : = 3500
= Drillstring 1 =5
=-(3) TnD analysis BHA 1 'I E] §' 4000
= ﬁ General Operations Drillstring T asm0
[ Rotay e —— o=
= Slide D§ 4F Add scenario o z 5000
F. i
= Rotatiof =  Delete scenario g l [E 5500
o pj -
& PickUbl g pyplicate scenario 6000
= SlackD tions
" e 2 [ B & 500
= BaCKS & Validate scenario Lary Driling
= Reaminl 92 Generate model ) 7000
& Fishing % Run analysis e 7 500
D Static analysig & cation Off Bottom B B
(@ Time domain Clear results b Up 27 e 5000
[Z] Projectreport | = v H :
[Z] Generate report « off : : 8500
. Results output settings ¥ | reaming 0
| ) Reaming a Inner Diameter, in

DSA Analysis GUI enables description of source data and analysis settings, val-
idation of the inputs, generation of internal dynamic models, running the analysis
and results output for single scenario, as well as for all scenarios for an analysis.

The pop up menu enables the following operations with the selected analysis or
scenario nodes:

% - add new scenario

= - delete selected scenario;

* - duplicate selected scenario;

v' Operations available for single scenario, or all the scenarios:

* - validate the scenario;

- generate model;

- run analysis;

% - clear calculated results;

2 - generate PDF report for single scenario or an analysis (see Sect.);
B - select 2D plot line color for scenario.

%#%

One can select a scenario node to display scenario data on the right panel:
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v Analysis Setup

Analysis setup page contains tools for basic and advanced scenario parameters
description, visualization of the assembly position in the well, as well as the analy-
sis run and evaluation progress control.

Basic parameters

Set of basic drilling scenario inputs placed on the middle panel: information
(well trajectory, wellbore, bit position, assembly, drilling fluid, etc.), operation set-
tings and solver settings.

Analysis Setup | Results |

Sszras Camiar Advanced Setlings | Position | EventLog
Scenario 1 o1 ' )
Flots | 3D view RN
Wel Case = = DS position in well
Welpath m]ole « em<|2 vlze
Well Trajectory IT_/
Welbore Horizontal Displacement, ft
Welbore ‘ 0 ’Vr' T 2000 <0p0
3743 @ :
Driling Information =
Bottom Hole Assembly g
BHA 1 = 2
-

Drillstring Case E
sample DS E §

- =
Fluid
Driling Fluid_1 @
Parameters

WOB, kip

Outputs

Basic scenario inputs ' 2 0 »
Inner Diameter, in

Advanced settings

Advanced settings of dynamic model of the assembly and fine turning of the
solver parameters are available in Advanced User and Developer mode. Content
of the page depends on the analysis type.

Note: Setup parameters are read-only if the scenario is calculated, or running,
or already calculated. The = icon is used for read-only items in the Project struc-
ture tree. One needs to Clear calculated results to change the inputs.
Visualization of the assembly position in the well

Position of the assembly in the wellbore is displayed on Position page by the —
Horizontal displacement vs. TVD plot, Well trajectory 3D view and Wellbore
scheme (optionally).

Analysis run and evaluation progress control
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Event Log page for control of analysis procedure and warning / error messages
output.

Analysis Setup | Results
Scenario Caption | Advanced Settings | Position | EventLog
Scenario 1
Well Case
Event Log Running Scenarios
well Trajectory Scenario: Scenario 2: 80%
e inaing Mo errors or warnings found.
Wellbore Scenario: Scenario 3: 52%
-
- Calculations Started ——
_ _ Scenario
Drilling Information 3
Analysis event log evaluation
BHA 1 b= progress bars
Sample DS @
Driling Fluid_1
Parameters ) ;
VVOB, kip P Run / interrupt analysis controls + Thread count control
4 i
Outputs Run analysis [ Interrupt analysis ] Mumber of Processes: 4 '_/] 4Processors Available
Done: 1/3

Analysis completion progress bar:
progress of all the analysis scenarios

Click Run analysis button to start evaluation of all the scenarios.

Analysis calculations are processing in parallel threads — one thread per scenar-
10; the user can specify the maximal number of threads involved in the analysis by
Number of Processes control on the bottom panel before or during simulation.

Individual progress bars are added to the right panel for each of the proceeding
scenarios during the analysis.

Interrupt analysis control enables breaking of evaluation procedure.
v Results

Results page contains set of tools for calculated results output for single scenar-
10, or selected set of scenarios.
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2. Training project

This section contains the step-by-step description of the procedure of the train-
ing project creation, drilling information input, Static and Transient analysis sce-
narios description, analyses run, evaluation control and results post-processing
within DSA application GUI.

Step 1.1. Create New project by the head menu button; the project window will
be opened.

General

= =l = Y |== i ﬁ m i Temperature map JEll chen solution S .
= | | iEai it
5 | . = @ | o | ;ﬁ : aes 1 FDF

Pressure distribution
MNew Open Materials Formations  Fluids Part well Wellbore Drillstring Settings || About... Getting

project | project datsbase || trajectory JBHA e Time history generator started
Profcts ” Databases ” Tools Auxialiary tools ” Settings ” Help |

DS._ = MNew - Project = | B |
LA

M/
Projectinfo | Drilling information  T&D: General Operations StaticAnalysis  Time domain analysis Project report (7]

Project structure Project Information Project File Info
=] Project [Mew project] Analysis Date: 16.07.2020 Full path:

=[] Drilling information

" : h Project Version:
~ Well Trajectory [Well Trajectory]

:‘; Wellbore construction [Wellbore construc| Client Information Drilling Contractor
e BHABHA] Parent Company Name: Contractor Name:
# Drillstring [Drillstring] _

& (@) TnD analysis Local Legal Entity Name Product Lines:

(©) General Operations
(@ static analysis

ﬂ Time domain analysis Country: Primary Engineer:
[Z Project report

Region:

Country Office: All Engineers Involved:
Client Logo Contractor Logo

//':—\ Software

( ]MVERSAL MECHANIS Mo Logo

Well Information Comments
Client:
Region:
Country
Field:

Site
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2.1. General project data input

Step 2.1. Use Project Info tab to input general project information like project
date and version, client and drilling contractor information, location data,
well information and some comments on the project.

Project Information

Analysis Date: 14.08.2018
Project Version: 1

Client Information Drilling Contractor
Parent Company Name:  Drilling Customer Contractor Mame: Contractor
Local Legal Entity Mame:  Legal Name Product Lines: Line 1, Line 2
Region: Some Region
Country; Some Country Primary Engineer: Engineer
Country Office: Same Office All Engineers Involved: All the team
Client Logo Contractor Logo

CANRIG

DgILire TECHNOLOCY LT,

Well Information Comments
Client: Rich Client Sample project- sample drillstring project for illustration of
) procedure of Static and Time Domain Analysis in RiMo
Region: Qil Region software.
Country: Warm Country
Field: Gas-0il field
Site: Site

You can add client and drilling contractor logos to make project more
recognizable. Double click on Client Logo and Contractor logo panel
to load of the logos from Source directory\logos\ default folder, or any

other location.

F] I__'f C:hUgerzh\PublichD ocurmentzh Uk Software LabsDrillztring Analyzishi
» | databazes
- [=3 projects
» =3 SAMPLES
> ) Uil
s wellbores
> [ %32
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Step 2.2. Save modified project as Training project. The name will be added to

the Project window caption.

-
ﬁ Save Drilling project as »

=

Search:

CAUzers\PublichDocumentsh UM Saoftware LabhDrillstring Analyzizhhprojects

2

Froject : Sample Project -
Froject path - C:A\Users\PublichDocumentshb 5

= Mabors-BHAT
‘- [=# Sample Project

4 L_:; C:AUzers\PublichD ocumentsh U Saftware LabhDrillstring Analysizh1hprojects

+ Project info
Dlate: 16.07.2020
+ TnD analyziz
General Operations [Total/Done]: 0/0
FF Calibration [Total/Done]: 040
+ Stahic Analysis
Scenanos [Total/Done]: 040
+ Tranzient Dynamics Analyzis
Scenarios [Total/Donel 0/0

m

4 I I

Client Logo Contractor Logo

Dizplay Mode : Show folders with Driling project fles only

Saftaece

Mo Logo

Training Project

’ Ok Cancel ]

]

]| )

<
U\ 5M

b

Step 2.3. Click the Save project as bottom again and select the project from the
list. You can see that the input data is stated on the right panel of the

Open/Save project dialog window.
Close the dialog by clicking Cancel.

s - — .
% Cpen Drlling project

S

Search:
C:hJzers\PublichDocurmentsh M Software LabhDrillstring Analysizh\projects

Praject : Training Project
@ Froject path : C:\U serstPublichDocuments\Uk S

=8 MNabors-BHAT
i Sample Project
i =8 Training Project

Brief view of the project
general info

4 L_'j CAdzers Public\D ocumentsh Ik Software LabhDrillstring Analysizh\projects

+ Project info
Date: 16.07.2020
+ TnD analyzis
General Dperations [Total/Done]; 0/ 0
FF Calibration [Tatal/Donel 040
+ Static Analyziz
Scenarios [Total/Done]: 0/ 0
+ Tranzient Dynamics Analysis
Scenanos [Total/Done]; 0/0

4 I 2

Client Logo Contractor Logo

Dizplay Mode ; Show all folders

C ol

Cahcel

J UM DrillString =

Softuace

mmL m.umsﬂ»f

\x—ff«f’

Mo Logo

-




I L |
UM Dirillstring Analysis 66 Getting Started "Afum
|5 |

2.2. Drilling information description

In this section we will path through the input of source data general for Static,
Torque&Drag and Time Domain analyses.

2.2.1. Well trajectory

Step 3.1. Select the Drilling Information | Well trajectory Project tree node to
input survey data.

The interface of Well Trajectory Editor placed on the page and program ca-
pabilities in survey data description are described in Sect.1.4.3 Well Trajectory Ed-
itor.

Q*i‘ /_l = Training project.dsaproj - Project” S | B |
Aluy Project info Drilling information T&D: General Operations Static Analysis Time domain analysis Project report (7]
d}' Add well trajectory I (= Open ‘ Eﬂ:‘ Mew point E“’ Insert before L\‘) i"i E = % & v h E
= Delete well trajectory Save lelete point B Insert after — = - : bl -
#4}, Duplicate well trajectory &Save a 2 uplicate point x Clear ;:J.:f:g T e 3 S _e .:sf —— P’?ts rePEnFrt
‘ Driling info items ” File Il Description[Wel Trajectory] [Wellpath collision c... H Settings “ 7‘| PDFR... ‘
Project structure (# MDft Incdeg Azideg TVD,ft VSEC Rt N+/S,ft E+/W-ft -+ Plots 3D scheme |
|8 Project[Training project] 1 0.000 0.00 0.00 0,000 0,000 0.000 0.000 TVD vs. Horizontal Displacement | MD vs. Dogleg
£-[1] Drilling information 2 4RAS 0.00 0.00 473.425 0.000 0.000 0.000
|- Well Trajecion [Well Traje == #1}43 053 14554 557742 0.211 0322 0.221
ﬁ ;\'::t[u;;e;n]nstrummn (Wellbore] |} . ga5.540 0.62 1230 626.638 0.017 -0.220 0.480 ) b s
— - 5 707021 0.53 2882 707.014  -0.780 0.531 0.752
wm Drillstring [Sample DS l
5@ TnD analysis 5  793.953 0.53 4244 793.953  -15%8 1.180 1217
(© General Operations 7 839.108 0.26 4516 889.095  -2.172 1657 1.667
5 (@ static znalysis 8 994094 0.09 14553 994081  -2.348 1.757 1.883
< Scenario 4 9 1089.233 0.09 46,48 1089.226  -2.375 1746 1980
D-ﬁme domain analysis 10 1181102 0.09 4270 1181083  -2.509 1.849 2.081 201
) Project report 11 1276.247 0.09  292.49 1276.233  -2.579 1.933 2.062
12 1371391 0.09 8.69 1371378  -2.651 2.035 2.005 =
13 1466.535 0.18 266.33 1466.522  -2.658 2.100 1.867 g
14 1555118 0.18 272,01 1555104  -2.547 2,096 1.589
15 1650.262 0.35 143.51 1650.248  -2.345 1.867 1612 0
16 1837.270 0.18  168.56 1837.254  -1B10 1120 2,010
17 1929.134 0.45  130.54 1929.116  -1.580 0.734 2.313 \
18 1968.504 140 185,94 1968.481  -1.072 0.165 2,381 \
19 2066.929 435  198.25 2066.772 3.802 -4.577 1.087 —
20 2165.354 7.34 20058 2164674 13808  -14.010 -2.293
21 2263.780 10.34 20156 2261919  28.925  -28.114 -7.750 &0
22 2293734 11,25 20176 229L343 34535  -33.328 -9.821
23 232205 1125 20176 235B.499 47891 45734 14773 - Horizontal Displacement, ft
‘< n r g k

Step 3.2. Click the Open & putton on the head menu to load survey data from
Source directory\wellpaths\ Sample Wellpath.wlp file. Loaded data will
be displayed in the table and on the right hand plots.

Note. If you’ve already input some data to the table program will ask you to save it
before loading.

Step 3.3. Click the = button placed on the head menu. The ‘No errors or warn-
ings found’ message will appear if the input data is correct.
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2.2.2. Wellbore construction

Step 3.4. Select the Drilling Information | Wellbore construction Project tree
node to describe the wellbore.

The interface of Wellbore Editor placed on the page and the internal descrip-
tion of wellbore cross section are described in Sect. 1.4.4 Wellbore Editor.

Training project.dsaproj - Project® lilm

3
olsh [ D=
[ Alum - y
Project info Drilling information T&D: General Operations

qp Add welbore I (= Open o Add interval

Static Analysis Time domain analysis Project report (7]

&= Insert before selected 5 = * -l ' ‘% E} 'HI E 5

= Delete wellbore Id save elets interval E- Insert after selected 100% Shaw all
& 2 Verify 3 .. Formations... Wesk Pressure Scheme PDF
‘s Duplicate wellbore Lﬂ Save as. reate copy X Clear data zones  gradients report
Drilling info items File TN Description[Wellbore] satabases Wellbore Hydraulics Welbore scheme PDF re...
e e —— —
Project structure 1 | Interval Type Name Measured Depth, ft Inner Diameter,in Overgauge, in tion Fa:
= Project [Training project] Surface 0.000 15.00 0.25 0.200
& Drilling information 1 Open hole 1 500,000 15.00 0.25 0,200
. Well Trajectory [Well Trajecton] 2 Open hale 2 1500.000 12.50 0.25 0,200
* Wellbore construction [Wellbore] 3 Open hole 3 7000.000 12,25 0.15 0.200
= BHA[BHA]
=% Drillstring [Drillstring] 1
= (@) TnD analysis
P - General Operations
Static analysis
Time domain analysis
- [5] Projectrepart &
kS
.
3
=1
b3
S
=
i
b}
=

-20 0 20
Inner Diameter, in

T

Step 3.5. Click the Open 2 button on the head menu to load wellbore description
from Source directory\wellbores\Sample Wellbore.wlb file. Loaded data
will be displayed in the table and on the right hand plots.

Note. If you’ve already input some data to the table program will ask you to save it
before loading.

Step 3.6. Click the = button placed on the head menu. The “No errors or warn-
ings found’ message will appear if the input data is correct.
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2.2.3. BHA Cases

Step 3.7. Select the Drilling Information | BHA Project tree node to describe
the bottom hole assembly design.

The interface of BHA Editor placed on the page and the internal description of
assembly design are described in Sect. 1.4.5 Drillstring / BHA Editor.

~
D 5- s Training project.dsaproj - Project” = | |
[ Aluw’
Projectinfo  Drilling information = T&D: General Operations Static Analysis  Time domain analysis  Project report 7]
Add BHA Case Toad || [I* Add part Add section Move uj [ = =
- = I1® acce2 : n= 3 = § | B
= Delete BHA Case Save Ete part Delete section Move down —
& 2 Part Part Elade well Sections Side Part Generate
= Duplicate BHA Case ﬂ Sawve as licate part Duplicate section & Vvalidate Database editor geometry contact ~ connection sections | images report
Criling info items File M Description[BHA 1] Advanced editing Additional tools || POF Report |
Project structure Bit
= Project [Training project] A Part/Secti... Description Count Type 0D, in ID, in CD, in Length, ft Material
&-E7] Drilling information o B 121/4"PD. 1 1225 1 12.25 15026 Steel o
Cutting str.. Uniform 12.244 1 12.244 0.16732 Steel
=y
. Well Trajectory [Well Trajecton] M Body Uniform 1225 28 1225 091864 Steel
&R Wellbore construction [Wellbore] s Shank Uniform 8.25 28 8.25 041667 Steel
| = BHA[BHAT) B 121/4Sta. 1 8.25 3 12.25 29987 steel L
i [yiillstring [Drillstrin |:|_ Bottom Uniform 8.25 3 8.25 0.49869 Steel J
hagl 9l Jl Blade Blade 8.25 3 12.25 2.0013 Steel
& TnD analysis Top Uniform 8.25 3 8.25 0.49869 Steel
O General Operations s | & Collar 1 8.25 3 8.25 5 Steel L4
Static analysis | 1 Uniform 8.25 3 8.25 5 Steel
" " MFR tool 1 8.25 5.23 8.25 27.999 Steel
@ Time domain analysis 123/16" Su 1 8.25 31 12188 60007 Steel
& Project report =} MWD tool 1 8.25 517 8.25 22.001 Steel
1 Uniform 8.25 517 8.25 22.001 Steel
Crossover 1 8.25 3 8.25 2.0013 Steel
= 12 1/4 Roll.. 1 1225 2.8 12.25 10.003 Steel
g 1 Uniform 8.25 2.8 8.25 2.0013 Steel
7 2 Uniform 1225 2.8 12.25 6.0007 Steel
o 3 Uniform 8.25 g 8.25 2.0013 Steel
= Collar 1 8 28 8 29.997 Steel
1 Uniform 8 28 8 2.9987 Steel
2 Uniform 6 28 6 6.0007 Steel
3 Uniform 7 8 7 29987 Steel
4 Uniform 6 8 6 6.0007 Steel -
Surface
| g side section
s s P
g o
M - NSS!
g £
& 0 50 100 150 200 250 300 350 400 450 500 550
Eh3 Distance from bit, ft

Note. One can load the Sample Rotary BHA model from the Source directo-

ry\drillstrings\Sample Rotary BHA.bha file with the Open = putton on
the head menu, ignore Steps 3.8 - 3.13 and come to page 72.
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Let’s create rotary assembly consisted of the components listed in the table be-

low:
Description Count Acc. length, ft
1]121/4"PDCBit 1 1.45
2 | 12 Stabilizer 1 4.55
3 | Collar 1 9.45
4 | MFR tool 1 37.45
5| 12 3/16" Stabilizer 1 43.45
6 | MWD tool 1 65.45
7 | Crossover 1 67.45
8 | 12 1/4" Roller Reamer 1 77.45
9 | Collar 1 107.45
10 | Float Sub 1 109.45
11 | XO Sub 3.0 1 111.45
12 | 4x65/8" HWDP 4 231.05
13 | 8" Jars 1 261.05
14 | 5x65/8" HWDP 5 410.05
15 | Accelerator 1 440.06
16 | 2x65/8" HWDP 2 500.4
17 | XO Sub 2.8 1 502.4
18 | 5" Drill Pipe 1 5334
19 | Dart Sub 1 536.4
20 | 5" Drill Pipe 1 567.4
Step 3.8. Click the Part Database button on the head menu to open the database
wizard. The delivered database contains all the elements of the assembly.
rj.ri_'\ _— Drillstring Parts Database’ - : EREER )
iEII Part Database |  Part Editor ]
(5 Add category §+ Add part ExpandCollapse tree % Copy {84 Import from file. ..
D & Delete part Move Up i Export to file...
ry ¢ Duplicate part i Search
atabase structure Tools
EH [ Database Bit
B Dl A Part/Section  Description Type OD,in ID,in CD,in Length, ft
L e B o o) Gum Uz 1 um o
& isEE L
2] LWD Todks z
- [ Drill Pipe &
= 6 5/8"HWDP [s] |
El [ HWDPR
& 6 5/8"HWOP i
- AR A
= 3" Jars 52
B} [& Reamer g
B 12 1/4Roller Reamer o
=t [ Stabilizer
B 12 1/4 Stabilizator
B 12 3/16" Stabilizator
i ﬂ I;Szl::ntsn « 1 C
[=81=] Acucelernaborii S
I = 8" Accelerator 100z Side section
El 5 Sub ol E 5 [
._E Float Sub g B 5
- uénino:zrwe, = ’ Length (from bit), ft '
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Step 3.9. In String Part Database window select 12 % PDC Bit part from the
Drill Bits category and drop it to the String Editor table.

The new component will be added to the Rotary BHA case string, PDC
Bit figure will be shown on the bottom.

Training project.dsaproj - Project™

o & =

D+s' L
Alum™ iectinfo

b Add BHA Case
= Delete BHA Case

Drilling information | StaticAnalysis
T1# Add part

JI= Delete part

(5 Load
Save
" [ saveas

*4 Duplicate BHA Case
| e

Drilling info items

[i# Add section

Delete se;

B Duplicate part Du
| —

Time domain analysis  Project report

L

Part
4 validate " Database ”

Move up -
=

g

Mave down

ide | Part
Section | mages

Additional tools

report

Generate

" FDF Report

Project structure
= Froject [Training projeci]
- [E Drilling information
2t Well Trajectory Well Trajectory)
I Wellbore construction [Wellbore]
()42 BHACases
= BHA1
= BHAZ sl
% Drillstring [Drillstring]
(O static analysis
(O Time domain analysis
= Projectreport

Inner Diameter, it

¢ o[lE =

Bit
Part/Secti.. Description  Count

(none)

12174 M. 1

L]

02 03 04 05

Measured Deptn, ft

06

o7

08

i)
- Part Database

|7 Add category

Delete category

Part Editor

&' Add part
& Delete part

¢

<&

Duplicate category &5 Duplicate part

) [ Users Datsbase
£ (&5 PDC Drill Bits

& 5 1/2"MDi513 PDC Bit

S 12 1/4" MDSi6 16 POC Bit

& 53/9"MDSIT13 PDC Bit

S 5 5/8" MDSI711PDC Bit

& 6" MDSI513 PDC Bit

S 6 1/8" MDSI513 POC Bit

E 6 34" MAG 16 PDC Bit

& 7" MDi513 PDC Bit

& 7 5/8"Mi616 PDC Bit

& 8 1/2° MDSi816 POC Bit

& 8 3/4"MAI513 PDC Bit

B 9 7/8" MAS16 PDC Bit

& 12" MDI716 PDC Bit

& 12 1/4” MDSI616 PDC Bit

& 14" MDI519 PDC Bit

S 16 " MA1216 PDC Bit

& 20 "PDCEit

& 23 "PDCEit

S 26 " SDiB16 PDC Bit

5[ Drilling Collar
& 27/8",Drill Collar, 2 3/3 PAC
& 27/8"0rill Collar, 2 3/8 PAC
S 3 1/8"Drill Collar, 2 3/3 REG
& 3 18", 0rill Collar, 2 3/8 REG
& 3 1/8"Drill Collar, 2 3/3 REG
& 3 18"l Collar,NC23
& 3 3f8"Dril Collar,NC26
& 33/8"0rill Collar,NC25

B 2 149" il Arllar MR

J [ epy ][ concel ]

[ oK

Step 3.10. Add sequentially in the same manner the following components 12%."
Stabilizer, Collar, MFR tool, 12 3/16" Stabilizer, MWD tool, Crossover, 12
1/4" Roller Reamer, Collar, Float Sub and XO Sub 3.0.

New components are added to the end of the list. Use T ¥ puttons on
the head menu to change the order of the components if necessary.

A5 y s Training project.dsaproj - Project (== = | J/!!I\I
Alum,
- Project info Drilling information Static Analysis Time domain analysis Projectreport (7] - Part Database Part Editor
b Add BHA Case & Load [1# add part i# Add section 4} Move up 3 = | F (5 Add catzgory & addpart ) Expi
== :
= Delete BHA Case Save JI= Delete part Delete section Move down Delete category &5 Delete part 4 Mov
- Part Side | Part || Generat -
", Duplicate BHA Case | |2 Save as || [F Duplicate part Duy e & vaiidate Database ||| Section |images ||| report Duplic ory &5 Duplicate part | db Mov
Drillng info items Fie Description | Additional tools || PDF Report
Project structure Bit & 7 3/4" x 3", Daily Hydraulic,& 5/8
(@ Project[Training project] Part/Secti.. Description  Count Type oD, in D, in D, in Length, ft S 734 x 3" Daly Accelerator, 5 5
£ 9 Drilling information 121/4" M. 1 1225 0 1225 085 S 8" x 3", Daly Accelerator, 6 5/8R
2 Well Trajectory [Well Trajectory] 121/4 Sta. 1 ] o Lt H S 8 x 3", Daily Hydrauiic,6 5/8 REC
- ! Collar 1 s 28 s 30 R
5 Wellbore construction [Wellbore] MFR toal 1 8.25 523 8.25 27998 & 9 1/2" x 3" Daily Hydrauiic,? 5/8
£ pe= BHACases 12 3/16" Su 1 8.25 31 12188 60007 & 9 12" x 3" Daily Accelerator,7 5
£ BuA1 MWD tool 1 8.25 517 825 22001 B} [ Training database
= Crossover 1 8.25 3 825 20013 BB BHA 2 units
= BHAZ 12 1/4 Roll. 1 1225 23 1225 10003 = B
== Drillstring [Drillstring] collar 1 8.25 3 8.25 5 B BrA Lunits
(@ static analysis Float Sub 1 8 3 8 20018 & 12 4" PDCER
X
() Time domain analysis 0 Sub 3.0 _ 1 g 2 g 200:2 & 12 14 Stabilizator
= Project report < ~ I v & Collar
e Surface & MFR tool
- & 12 3/18” Stabilizator
Diillstring scheme -~

i G

+ EE

& Crossover

& Crossover

& 12 1/4Raller Reamer

& Floatsub
& Floatsub
== X0 Sub3.0

& 65/8"HWDP
& 8" Jars

& 65/8"HWDP
& 3" Accelerator
& 65/8"HWDP

-~
~ o

o

&

& sub2.8
& 5" Drill Pipe
& Dartsub
& 5" Dril Pipe

Inner Diameter, it
o

o
3

&0

60

Measured Depth, ft

70

] I '

][ Apply

o | Tt
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Step 3.11. Now we need to add four sections of 6 5/8" HWDP. We can drag the
HWDP component to the table four times, but the easiest way is to add
the part single time and set Count parameter (four) in the table row.

bls e Training project.dsaproj - Project (=lE] % | m
Projectinfo Drilling information Static Analysis Time domain analysis Projectreport a : J Part Database Part Editor
b Add BHA Case & Load [* Add part {i® Add section 4 Move up m =|g [ Add category &' Add part f
= - —
= Delete BHA Case I save [[= Delete part 1= Delete section & Move down W5 Delete category &5 Deletepart | 40
" Part Side | Part || Generate & i
"4 Duplicate BHA Case | [ saveas | [ Dupiicate part | % Duplicate section | @) validate Datobase || [Sacmemaaes] || report B Duplicate category & Duplicate part | <b 1
Driling info items File Description Additional tools || PDF Report:
Project structure @ Bit BB 7 3/4"x 2 3/4",Daily Mo Torque,
=) Project [Training project] Part/Section  Description  Count Type oD, in , in Length, f @1 73/4"x 3',Daily Hydraulic,6 5/8
1[0 Drilling information 12 1/4" MDSi6.. 1 1225 0 0.55 @ 73/4x 3", Daly Accelerator,6 5
It well Trajectory [Well Trajectory] 12 Uéns]]‘:f‘]‘“' : i = 2 & 8 x 3", Daly Accelerator,6 5/8 R
| &E Wellbore construction [Wellbore] MFR tool 1 825 523 825 27.999 & 8" x 3", Dally Hydraulic,6 5/8 REC
i BHACases 12 3/16" Stabili.. 1 825 21 12188 60007 | & 912" x 3" Daily Hydraulc,7 5/
MWD tool 1 825 517 825 22001 " & 912" x ¥, Daiy Accelerator,7 5
Crossover 1 825 3 825 20013 B Trabing database
12 1/4 Roller R 1 12.25 28 12.25 10.003 D
& Drillstring [Drillstring] Collar 1 825 3 825 5 =[5 BHA Lunits
(@ static analysis ﬂﬂ-itsﬂb 1 8 3 8 20013 = [ BHA Lunits
8 X0 Sub 3.0 1 S 3 g 20013 =
- & 12 /4 PDCEit
Time domain analysis "] 825 a5 == o] B 121 i
[ Projectreport 7 - = - &8 12 1/4 Stabiizator
< & Collar
- 88 MFR tool
) & 12 3/16 Stabilizator
Drilltring scheme & crossover
1
_ & Crossover
—— En 12 1/4Roller Reamer
g N~ S Float Sub
Set quantity of S o B

- R CETEN]
the part B os/e” nwor
B & Jars
- & 65/8"HWDP
-8 8" Accelerator
- & 65/8"HWDP
-8 Sub 2.8 r
& 5" Drill Pipe
&1 Dart Sub
& 5" Drill Pipe

0 20 a0 60 80 100 120 140 160 180 200 220 -
Measured Depth, ft oK H Apply H Cancel l

100

@

o

Inner Diameter, i
=

r

& o[

Step 3.12. Add sequentially the rest components: 8" Jars, 5 x 6 5/8" HWDP, Ac-

celerator, 2 x 6 5/8" HWDP, XO Sub 2.8, 5" Drill Pipe, Dart Sub and
5"Drill Pipe.

und
- Project info Drilling information Static Analysis Time domain analysis Projectrepont L7}
b Add BHA Case = Load II# Add part {i* Add section 4> Move up i - it
= Delete BHA Case I save II= Delete part = Delete section 4 Move down
o Part Side | Part ||| Generate
" Duplicate BHA Case || [l Save as || [fDuplicate part | % Duplicate section | 3 validate Datsbase || Section | images || report
Driling info items File Description Additional tools || PDF Report:
Project structure @ Bit
= Project [Training project] Part/Section  Description Count Type oD, in D, in €D, in Length,ft  Acclengt.  Accanass, lbm
- 6 MWD tool 1 8.25 517 8.25 22.001 89.851 10011 -~
= DIIHH'IQ WEE T 7 Crossover 1 8.25 3 8.25 2.0013 91.852 10327
A% well Trajectory [Well Trajectory] 8 121/4RollerR. 1 12325 28 12325 10.003 101.86 13252
- &'& Welloare construction [Wellbore] 9 Collar 1 825 3 825 s 10686 14041
=) b= BHACases 10 Float Sub 1 8 3 8 2.0013 10886 14336 i
o Al 11 XO Sub 3.0 1 8 3 8 2.0013 11086 14630
12 65/8" HWDP 4 825 45 825 120.01 23087 23340
£ BHAZ 13 8" Jars 1 8 3 8 30 26087 27438
- Drillstring [Drillstring] i 14  65/8"HWDP s 825 45 825 150,02 41089 38325
- " 1s 8" Accelerator 1 8 3 8 30 44089 42423
Saicanass 16 65/8" HWDP 2 8.25 45 8.25 60.007 50089 46778 B
; Time domain analysis 17 Sub 2.5 1 8 28 8 2.0013 5028 47079
-[Z] Project report 18 5" Drill Pipe 1 7 4 7 31.001 533.9 47953
= 19 Dart Sub 1 ] 3 ] 2.9987 536.89 48081
7 20 5" Drill Pipe 1 z 4 z 31.001 5678 48955
o 201 1 Uniform 7 4 7 1.0007 18169
202 2 Uniform s 4 5 28.999 m 48867 L3
203 3 Uniform 7 4 7 1.0007 48955 =
Surface
Drillsting scheme: Dnling it
1 3 4 5 [ 7 8 E] 10 1 12
= — R
h’_wﬂ-\, 7 @_ 7777777777777777777777777777777777777777777777777777777777777777777777 i
H 13 15 16 17 L] 19 20
)
-/ |
oz ;
= 9 o o o
] £
T 0
&
2
= E
0 50 100 150 200 250 300 350
Measured Depth, ft

Finally check, that the total length of the Rotary assembly is equal to
567.4 feet.
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Step 3.13. Click the & button placed on the head menu. The ‘No errors or warn-
ings found’ message will appear if the input data is correct.

2.2.4. Drillstring Cases

Step 3.14. Select the Drilling Information | Drillstring Project tree node to de-
scribe the bottom hole assembly design.

The interface of String Editor placed on the page and the internal description
of assembly design are described in Sect. 1.4.5 Drillstring / BHA Editor.

Training project.dsaproj - Project” SN X
Project info Drilling information T&D: General Operations Static Analysis Time domain analysis Project report 7]
b Add drillstring I [ Load T1* add part Add section Move up ”.;:::: 5 == B
= Delete drillstring Save te part Dele n Move dowr = .
rt Part Blade Wel Side Part Generate
## Duplicate drillstring || [ Save as [ 2 cate part Dupl section 3 |base || editor geometry contact+ connection sections | images report
‘ Driling info items File | Description[Sample D3] ” Advanced editing H Additional toals ” FDF REDDFt|
Project structure =
=] Project [Training project] A Part/Secti.. Description Count Type 0D, in ID, in Ch, in Length, fi Material
£ [75 Drilling information gf 5" Drill Pipe 100 7 4 7 3100 Steel
** Well Trajectory [Well Trajectory] M
&& Wellbore construction [Wellbore]
= BHABHA] z
| | “E= Drillstring [Sample DS] *

=+ (3) TnD analysis
(© General Operations
[© static analysis 1
(© Time domain analysis
[ Projectreport

—

1

o I & &

Drillstring Scheme

1
—

——

Step 3.15. Click the Open = putton on the head menu to load the drillstring de-
scription from Source directory\drillstrings\Sample Drillstring.drs file.
Loaded data will be displayed on the right hand panel.

Note. If you’ve already input some data to the table program will ask you to save it
before loading.

Step 3.16. Click the = button placed on the head menu. The ‘No errors or warn-
ings found’ message will appear if the input data is correct.

Description of drilling info items for Static and Time Domain Analysis completed.
Step 3.17. Save the Project.
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2.3. Static Analysis

The section contains brief overview of the Static Analysis concept, and step-by-
step description of Static analysis of the Rotary BHA assembly in the sample well
trajectory.

Static analysis overview

DSA application provides set of tools for the study of the equilibrium state of
the assembly for the definite position in the well. Time domain simulation is used
for evaluation of equilibrium state of the assembly:

Assembly is placed in the wellbore along the well axis in accordance to the
user-defined bit position
Bit/top constraints and forces/torques are applied to the assembly model.

Default loading scheme is the following: axial motion of the bit is constraint,
axial force — defined as “Weight-on-Bit” — is applied to the top point of the
assembly.

Note: Static scenario boundaries (bit and top constraints of the assembly
model) can be modified in Advanced User and Developer mode.

Time domain simulation of the model motion is started; the model reaches
an equilibrium state under action of applied forces and boundaries, contact
interaction with wellbore walls, gravity forces and internal/external damping
forces.

Equilibrium state is fixed by the attenuation of kinetic energy of the system.

Deformed shape of the assembly, distribution of assembly-wellbore contact
forces, internal force factors, and stress state of the assembly units at the
equilibrium state are evaluated and saved to binary result files.

Static Analysis GUI enables study of any number of test cases — scenarios —
within single project. Static Analysis scenario (or Static scenario) is defined by the
following basic inputs:

Well case info: well trajectory case, wellbore case and bit position.
Drilling Info: BHA case and drilling fluid.

Operational settings: Weight-on-Bit value, corresponded (by default) to the
axial force at the top point of the assembly.
Set of advanced settings available for the Advanced User or Developer.
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Step 4.1. Select the Static Analysis Project tree node to access the Static Anal-
ysis GUI, and Add scenario by popup menu or head menu button.

T

Training project.dsaproj - Project™

:EIQ

@ -
%5,‘_
[ Alum -
Project info
u

Drilling information

T&D: General Operations Static Analysis Time domain analysis

Project report

E‘" Drilling information

e BHABHA1]

- TnD analysis

Time domain analy:
B Project report

B Project [Training projec]

"f Well Trajectory [Well Trajectory]
;': Wellbore construction [Wellbore]

- Drillstring [Sample DS)

General Operations

oj =) “ Display wellbore scheme
¥ 5 B ] s @ B =
= Delete scenario ¥ Advanced model settings
* Validate Genmerate Run Clear Validate all Generate  Run Clear Generate report
# Duplicate scenario || scenario  model  analysis results scenarios  allmodels analysis results for analysis
Scenarios Scenario[<not selected>] All scenarios Report GUI Settings
Project structure | Analysis setup

Add scenario

Validate all scenarios
Generate all models

Run analysis

Mo scenario is selected
Clear results

i @ w]e

Generate report for analysis

Scenario 1 test case will be added to the Static Analysis scenario list; the corre-
sponded node will be added to the Project structure tree and focused by default;
scenario data will be displayed on the right panel, Analysis Setup page.

'7;%%”5;". -

Training project.dsaproj - Project®

:.IEIQ

=3 Project [Training project]
=] Drilling information

- =t BHA[BHA]

TnD analysis
- [© ceneral Operations
- (3) Static analysis

- =5 Scenario 1
Time domain analysis

- *2 Well Trajectory [Well Trajectory]
- &B Wellbore construction [Wellbare]

- m= Drillstring [Sample DS]

Projectinfo  Drilling information ~ T&D: General Operations Static Analysis Time domain analysis  Project report (7]
=) L 5 W 2 & 5 B 11 pisplay
= Delete scenario ;;F Advanced model settings
& i . validate Generate  Run Clear validate all Generate  Run Clear Generate report
& Duplicate scenario || scenario  model  analysis results scenarios  all models analysis results for analysis
Scenarios Scenario[Scenario 1] All scenarios Report GUI Settings
Project structure Analysis setup |

Scenario Caption

Position | Event Log

DS position in well

¢ o Jo| |

Caption:  Scenario 1 2Pt [

Well case

‘well trajectory |- e
(L] B e =

lWeII Trajectory ,]

Welbore construction
IWeIIbore

™D, ft

i Horizontal D\spla:oement, ft

-] (&3
87%4.75 @

0

RI\gosition, ft

Driling Information
Bottom Hole Assembly

[Bra1
Driling fluid
[air

o=
2|H)

Parameters

Parameter
Weight on bit, kip
Torque on bit, kip*ft
Top RPM, RPM
Drop speed, ft/hr

5
e
3

o oo

2000

40p0

Measured Depth, ft

-20 0

20

3913

Inner Diatneter, in
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Set the basic parameters of the new scenario by the middle panel controls.
Step 4.2. Set Training scenario caption for the scenario. The scenario node
name will be update in the Project tree automatically.
Step 4.3. Select the Well trajectory item from the Wellpath list; the list con-
tains all the well trajectories defined in the project.

Note: One can click on button to come to the Well trajectory item
description page.

Step 4.4. Select the Wellbore item from the Wellbore list; the list contains all
the wellbore designs defined in the project.

Note: One can click on button to come to the Wellbore item de-
scription page.
Step 4.5. Set Bit Position value equal to 6500 ft.

Step 4.6. Select the BHA 1 item from the Bottom Hole Assembly list; the list
contains all the bottom hole assembly designs defined in the project.

Note: One can click on ™ button to come to the BHA 1 item descrip-
tion page.

Step 4.7.  Select the Drilling fluid 1 item from the Fluid list; the list contains all
the fluids from the Fluids Database (see Sect.1.4.1.3).

Step 4.8.  Set Weight-on-Bit (WOB) value equal to 10 kip; Torque on bit — 1
kip*ft; Top RPM — 60rpm; Drop speed — 15 ft/hr.

Analysis setup

Scenario Caption Paosition | Event Log
Caption:  Scenario 1 20 Plet | 30 scheme

Wel caze
£2)

Well trajectory x

[Well Trajectory ']

Wellbore construction o : '
g | Horizontal Displacement, ft
[Wellbore .] @ : pld

| zo:pu 40:DD

Qo

[u]
Bit Position, ft 8 704.75 |

Driling Information
Bottormn Hole Assernbly

[BHA1 -] b=

Drilling fluid

[air -

Parameters

Measured Depth, ft

Parameter Value
| weight on bit, kip 10 :
Torgue on bit, kip*ft 1
Top REM, RPM L 60
Drop speed, ft/hr 15

=20 0 20
Inner Diateter, in
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Click on Validate Scenario button & in the Project tree popup menu,

or the head menu to validate the description of the scenario.

Event Log page will be displayed automatically on the right panel; the
‘No errors or warnings found’ message will appear if the input data is

correct.

r —
E%g\ \ D L
[ Alum/

Training project.dsaproj - Project®

Time domain analysis
“[Z Projectreport

Add scenario
Delete scenario

Duplicate scenario

bly

Validate scenario

B om S| 0+

Generate model

Run analysis

Clear results

Generate report >

Results output settings  *

ip
ip*ft

. ]

Top RPM, RPM
Drop speed, fifhr

imerruptani 4

Done.0i1

L Project info Drilling information T&D: General Operations Static Analysis Time domain analysis Project report @
4k Add scenario = Display wellbore scheme
2| 5> B 4 & o K B L ——
= Delete scenario g’k Advanced model settings
&+ X X Validate §enerate  Run Clear Validate all Generate  Run Clear Generate report
4 Duplicate scenario || lscenario fmodel  analysis results scenarios  all models analysis results for analysis
Scenarios SJenario[Scenario 1] J All scenarios Report GUI Settings
Project structure [@]| Analysis setup
& Project [Training project] Scenario Caption Position | EventLog |
=5 [{rllhng information Caption:  Scenario 1 =
*2 Well Trajectory [Well Trajectory] = B &
ell case
&k Wellbore construction [Wellbore] Wtrajectory EventLog Processing scenarios
bt BHABHA 1] [ . ]
Wel Trajecto S
%% Drillstring [Sample DS] 3 L, = ||| Critical errors not found
= TnD analysis Welbore construction
jt General Operations [We"bo[g -I @
- (©) Static analysis
| L of Scenario Bit Position, ft 8794.75

ﬁ Number of Processes: 4Threads available

Training Scenario is described, validated and ready for running now.

Step 4.10. Save the project.

-

JENE D
Alum/

Recent projects
= Load

| i save g CilUsers\P

. C:WUsers|Public\Documents\RiMolWell .. \TMK_Test
3. C:\Wsers\Public\Documents\RiMo\Well ..\M-C-P-DT

0. C:Wsers|Public\DocumentsiRiMo...\Training project

RiMol..\5

roject

4. C:Wsers|Public\Document...\DirectionalTendencies

Settings

5. C:WUsers\Public\Documents\RiMo\WVell Engi..\DT_1

Training project.dsaproj - Project™

Static Analysis

Time domain analysis

Project report

L o B B =
o Advanced model settings
erate Run Clear Generate report
models  analysis results for analysis
| scenarios Report GUI Settings

m Display welbore scheme

G

G

T DD

- 4 Drillstring [Sample DS]
- (@ TnD analysis
(@) General Operations
Static analysis
-2 scenario 1

; Time domain analysis

13 Project report

mn | »

[We\l Trajectory

- &

Welbore construction

[We\lb ore

- &)

Bit Position, ft

Driling Information
Bottom Hole Assembly

8794.75

U

[BHA 1

-/

<&

Driling fluid

[air

Parameters

Parameter Value
Weight on bit, kip in
Torgue on bit, kip*ft 1
Top RPM, RPM i 60
Drop speed, ft/hr 15

Position | EventLog

o &

EventLag

Critical errors not found

inermuptan 4
Done:0n
|

Processing scenarios

ﬂ Number of Processes: 4Threads available
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2.3.2. Analysis run

Step 4.11. Select Event Log page, and click on Run Analysis button to start the
evaluation of the described scenario.

Individual progress bar will be added to the right Running Scenarios
panel; “--- Calculations Started --- record will be added to the Event
Log; scenario inputs will be blocked automatically.

Analysis setup |

Scenario Caption | Agvanced Setiings | Pesition | Event Log |
Scenario 1 &
Well cage T
Well trajectory Event Log Processing scenarios
Wel Trajectory Scenario: Scenario 1: 91%
- - Critical errors not found -
Wellbore construction *
welbore
@ —- Calculations Started — o
7 Individual

16.07.2020 - 15:45:19

Calculations Started progress bar of the

processing scenario

Crilling Information
Bottom Hole Assembly

BHA 1 k=)
Driling fluid
Air
Parameters 0
Darameter Value Run evaluation
Weight on bit, kip [ 10 ¢
Torque on bit, kip*ft 1
Top RPM, RPM 60 I Run analysis I [ Interrupt analysis 1 }_{] Number of Processes: 4 Threads available
Drop speed, ft/hr 15 Dione:0M

?

Scenario inputs
are blocked

Note: Input data validation, and project saving is carried out automatically before
process is running.

Note: One can use Run all scenarios button from the Project tree popup menu or
head menu to start the evaluation; the Run scenario button enables run of
the selected scenario only.

= Static analysis

Time domain anall 4  Add scenario

& Projectrepont | = Delete scenario
4}"# Duplicate scenario
E,'ﬂ Validate scenario
%7 Generate model

%  Run analysis

Clear results

Generate report g

. Results output settings
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Scenario progress bar displays the current progress of the evaluation procedure.
The progress is closed after completion of the scenario calculation; the scenario
analysis details are added to the Event Log.

Analysis setup

Scenario Caption
Scenario 1

Well case

Well trajectory

Well Trajectory
Welbore construction
Wellbore

Driling Information
Bottom Hole Assembly

8 794.75

)

| Advanced Settings | Position | EventLog

o &

Event Log Processing scenarios

-~

Critical errors not found ‘ ‘
i

I
Information @
ff .\"| Static Analysis: Calculations Completed Successfully, ‘
k. /-.

--- Calculations Started

16.07.2020 - 15:45:19
Calculations Started

16.07.2020-15:45:21

.|

BHA 1 @ Scenario: Scenaria 1
= ) Well Trajectory: Well T)
Driling fluid Wellbore Intervals: Wel
Air Bit position: 8794.75 ft T
Parameters Calculations Completed Successfully
Parameter value Evaluation time: 00:00:02
Weight on bit, kip f10
Torque on bit, kip*ft 1 A AT AANR AC.AC.n4 z
Top RPM, RPM |60 Run analysis Interrupt analysis 1 Z] Number of Processes: 4Threads available
Drop speed, ft/hr 15 Daone:1M

‘Static Analysis Calculations Completed Successfully’ message will be gen-
erated after the completion of all running scenarios (single scenario in our case).
Normally, calculation of the scenario should take about 3-10 seconds.

Step 4.12. Click Ok to close the message.

Results for the scenario has been calculated and stored in the scenario folder on
hard drive; calculated scenarios are marked by icon in the Project tree.

Step 4.13. Select the Training Scenario node in the Project tree, and open pop up
menu. The Clear results option is available now; one needs to clear the
results to modify description of the scenario. Close the pop up.

= (3 static analysis

Time domain an{ % Add scenario
[Z] Project report =

4}’4}, Duplicate scenario

Delete scenario

Validate scenario
Generate model

Run analysis

Clear results

i3 g8

Generate report 4

Results cutput settings  *
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2.3.3.

DSA GUI provides the various tools for 2D and 3D graphical output of the cal-
culated deformed shape of the assembly, distributions of contact forces, internal

79

Results output

force factors and stresses along the assembly:

shape of the assembly in the hole.

Brief Results

Getting Started

EEE 2

Outputs

PosX, mm - Horizontal BHA displacemen ts

¥ PasY, mm - Vertical BHA displacement its
Clearance, mm - BHA-wellbore clearance

& Contact Force, kN - BHA-wellbore contact fo

ss
&5 Stress, MPa - Equivalentuon Mises stress
BHADogLeg, deg - BHADogleg severlty

bou
40

o
lqz,km

@ a0 120

Deformed Shape | 3D View | 2D view

Brief results: set of 2D plots of the various result items on the single page.

3D View: 3D visualization of the assembly model in the wellbore.

2D View: 2D straightened side section / cross section view of the deformed

Step 4.14. Select the calculated scenario node (Training scenario) in the Project

@a Q|#H]e Gl @
g@w| 2 ~A\E 2H) e

ocal refer
ellbore ame: [Local Reference Frame(]
ame eference Framel 9
Origin i
© from surfz ® from bit
Position, m 2.0 JAE ‘ » ‘ ) @
1
§facoo0aa0000000000000000000000000000000000 0
¥ WRF output settings
[] Autorefresh
WRF axes
[7] Shaw axes
vectorlength: 50 %] [Autosize
Hoza H
Deformed Shape | 3D View | 20 View
w0 -
=) w-(E)| = - e
Side section

I
g

Pos X - Horizontal displacements (in wellbore reference fr:

Cross section
DFB ft 13045 %]

ARCERCEN-)

Pos Y - Vertical displacements (in wellbare reference frame)

tree to make the Results page on the right page control visible, and go

to the page.

.|

Ay
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Step 4.15. Select Results | Brief Results page to display the set of 2D plots of the
various result items.

One can select an output from the check box list — the corresponded
dependency of the selected output vs. distance from bit will be dis-

played on the 2D plot on the right panel.

Analysis setup Resultsl

Briefrasults | 30 View | 2D View

Brief Results

EEEETEL

Outputs

[# PosX, mm - Horizontal BHA displacements
[# PosY, mm - Vertical BHA displacements
[1 Clearance, mm - BHA-wellbore clearance

:] kM - Axial force

I MBend, kN*m - Bending moment

[[1 sigmaBend, MPa - Bending stress

[[von Mises Stress, MPa - Equivalent van Mises strelss
[ BHADoglLeg, deg - BHADogleg severity

Check the output(s) 4
to add the 2D plot

Fa aam-| N1

Distance from bit, ft

Step 4.16. Click on %= button to switch between brief and full list of outputs.

Brief Results

Brief list of
outputs

elE] 7 8

LACa:

Qutputs

Full list of
outputs

[71 PosX, mm - Horizontal BHA displacements
[ PosY, mm - Vertical BHA displacements
[T Clearance, mm - BHA-wellbore clearance

Brief Results

[¥ Contact Force, kN - BHA-wellbore contact forces

[¥] QZ, kN - Axial force

[l 1Bend, k' - Bending moment |
1 SigmaBend, MPa - Bending stress

[T1ven Mises Stress, MPa - Equivalentvon Mises stress
"1 BHADogLeg, deg - BHADoglLeg severity

safd] 2

Outputs

[¥ PosX, mm - Horizontal BHA displacements

[Vl PosY, mm - Vertical BHA displacements

["] Displacement, mm - Lateral BHA displacement
[ Clearance, mm - BHA-wellbore clearance

¢l Contact Force, kN - BHA-wellbore contactforces |
] MX, kN*m - Bending moment in vertical plane

[7] MY, kN*m - Bending moment in horizontal plane
7] MZ, kN*m - Torsional moment

[7] @, kN - Horizontal joint force

[7] QY, kM - Vertical joint force

[ QZ, kN - Axial force

[ SigmaMXx, MPa - Normal stress generated by MX
[ SigmaMy, MPa - Normal stress generated by MY
[l TauMZ, MPa - Shear stress generated by MZ

[7] TauQix, MPa - Shear stress generated by X

[7] TauQxy, MPa - Shear stress generated by QY

[7] sigmaQZ, MPa - Axial stress generated by QZ

[¥] MBend, kN*m - Bending moment

1@, kN - Joint force

[1 SigmaBend, MPa - Bending stress

71 Sigma, MPa - Normal stress (bending + axial)
[/ von Mises Stress, MPa - Equivalent von Mises stress
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2.3.3.2. 3D View

Step 4.17. Select Results | 3D view page to study the 3D position of the assembly
in the well.

| Brief resuits | 3D View | 2D view|

Assembly model

Wellbore image

On can turn on and save the 3D View by the set of options:

@ - make the screen short of the 3D view;

« - zoom by rectangle (by mouse);
A - set full view;

- move camera by mouse;

& - scale by mouse up/down move;
s - rotate by mouse;

@ - fix rotation point;

B

*. - select one of the standard views;

@ - display edges only;
- display edges and faces;
» - display faces only;

. - select the wellbore display mode;
- display survey stations;

S - display well axis line;

& - display geo data;

# - set camera on bit;
# - display the wellbore reference frames;
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Step 4.18. Click on i button to display the frame image on the 3D view and add
the wellbore reference frame wizard on the right of the page.

| Brief resuits | 3D View | 2D view|

. DS
Getting Started "Afum
(Sahe

.|

T [ ; Local reference frames
® o 3l
1A &Y @) d (E - Wellbore reference frame: [Local Reference FrameQ]
@ ﬁ ‘ H \ % ﬁ‘ e ‘ Mame: Local Reference Frame0 v
== ¥ WRF position in wellbore -
Reference frame Origin
pOSitiOI’] and @ from surface © from bit
ispl ions.
display options Posiion m 19812 %] [«] [x] | [» ‘ B @
f LTS s
: Y-aXIS U L | =
Z-axis Normal to Z-axis in % WRF output settings
Tangent to the vertical plane
V\?ell axis 2 Autorefresh
WRF axes
[¥] Show axes
Vector length: 50 Z] [ Autosize [
WRF planes
[¥] Show planes
Size
] x3 ¥ vrs ¥z ¥
l\)lf);z)a(lltso Grid step: 0.5 %]
Z and Y axes X |yz [xz B
\7/ l Cancel ” Ok l

The Local reference frames tool enables specifying on any number of local

reference frames along the hole/assembly, and wide range of display settings of the
frames.

The frame position can be defined by Distance from surface or Distance from
bit; the user can show/hide the frame axes, grids and planes, select its size and col-
oring. One can collapse the unused panel from the wizard.

Step 4.19. Select the Cross section view panel, enable Well cross section and
Drillstring cross section to display the scaled cross section view;
change the Position to study local position of the assembly in the well.

T r
. ¥ WRF position in wellbore
Cross section Origin
view output (© from surface ® from bit

Position, m 33.5 Z] o [=

s | & [B)

f

» WRF output settings

¥ Cross section view
[¥] Well cross section
Crillstring cross section

Cross section view

¥ shift, m 20 Scale 20 ¥
¥ shift, m 20 4]
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2.3.3.1. 2D View

Step 4.20. Select Results | 2D view page to study the 2D Side / cross section view
of the assembly in the well.
The well axis is straightened; PosX plot corresponds to the displace-
ment of the assembly points in the Z-X wellbore reference plane (refer-
ence frame orientation is calculated at each point) — and can be
considered as lateral-horizontal displacement of the assembly in the
well; PosY - corresponds to the lateral-vertical displacement of the as-
sembly in Z-Y wellbore reference frame.

Brief results | 3D View | 2D View

Side section
Pos X - Horizontal displacements (in wellbore reference frame)

2959 -165.2 Collar_Pipe#1(Shaft)_5

Pos Y - Verical displacements (in wellbore reference frame)

Step 4.21. Click the button to display the cross section of the well on the right of
PosX, PosY plots. Use slider or input Distance from Bit manually to
define the cross section position.

Cross section

i IDFB‘m 34.25 f_A]I< >|»|@

m

" Cross section view for 53
¥ the user-defined dis- —» £
tance from bit

Pos Y - Vertical displacements (in wellbore reference frame)
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2.4. Torque & Drag Analysis

The section contains brief overview of the Torque & Drag Analysis concept,
and step-by-step description of T&D analysis of the assembly combined from Ro-
tary BHA and Sample DS assemblies.

Torque & Drag analysis overview

DSA application provides set of tools for the estimation of drag forces and re-
sistance torque distribution along the drillstring for standard set of technical opera-
tions on rig within soft-string and stiff-string model of an assembly.

v’ Soft-string analysis is the fast solution based on assumption of positioning of
assembly along the well trajectory.

Drillstring state is estimated analytically by numerical integration of flex-
ible curved beam equilibrium state differential equations; by fact the pro-
cedure can be described considered as sequential solution of equilibrium
state problem for short drillstring sections from bit to surface.

Boundary conditions — axial force and torque — are defined at bit point in
accordance to selected operation type.

Contact forces are estimated from the bending of the drillstring section
taken from the well curvature at point; friction forces and resistance
torque on section are estimated from assembly-wellbore friction coeffi-
cient and the considering combination of tripping and section rotation.
Axial force at the top point of section is evaluated from the balance of
gravity forces and friction forces.

Increasing of resistance forces by sinusoidal and helical buckling effects
are considered from the conventional analytical equations.

Drag forces and resistance torque, contact forces, internal force factors
and stress state of the assembly components, as well as elongation of the
assembly are estimated.

Effects on temperature elongation of the assembly units can be considered
optionally by account of temperature map.

Internal / external pressure effects on the resultant stress state can be con-
sidered optionally by account of pressure distribution.

v Stiff-string analysis is the detailed analysis considering local deformations
and lateral displacements of assembly units in the borehole; application of
Static Analysis approach (Sect.2.3) for the whole drillstring.
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Torque & Drag Analysis GUI enables study of any number of test cases — sce-
narios — within single project. Torque & Drag Analysis scenario (or T&D scenar-
10) is defined by the following basic inputs:

e Well case info: well trajectory case, wellbore case and bit position.

¢ Drilling Info: BHA case, Drillstring case and drilling fluid.

e Operational settings: type of technical operation and corresponded parame-

ters (Weight On Bit, Torque on Bit, Penetration rate, Surface RPM, etc.).

e Set of advanced settings: Temperature map and Pressure distribution data.

e Advanced model settings available for the Advanced User or Developer.

2.4.1. Scenario description

Step 5.1. Select the TnD Analysis | General Operations Project tree node to
access the analysis GUI, and Add scenario by popup menu or head
menu button.

g ~
Dls \ | | = Training project.dsaproj - Project = | B S|
rAfum ™
Project info Drilling information T&D: General Operations Static Analysis Time domain analysis Project report (7]
E |l“ Display wellbore scheme |
Delete scenario = Advanced model settings
Validate Generate  Run Clear Validate all Generate Run Clear Generate report
Duplicate scenario || sceparic  model  analysis results s s Tmiss Toias for analysis
| Scenarios I Scenario[ <not selected =] I All scenarios I Report I GUI Settings |

Project structure Analysis setup

= & Project[Training project]
=1 [Z5] Drilling information
*< Well Trajectory [Well Trajectory]
4B Wellbore construction [Wellbore]
bt BHABHA 1]
i Drillstring [Sample DS]
= (E) TnD analysis

- '®, General Operation -
- (O) Static analysis bl e I|

(©) Time domain analysig
=] Project report

Validate all scenarios
Generate all models
Run analysis

Clear results nario is selected

3 Generate report for analysis

Rotary drilling 1 test case (default naming is taken from operation caption) will
be added to the TnD Analysis | General Operations scenario list; the corresponded
node will be added to the Project structure tree and focused by default; scenario
data will be displayed on the right panel, Analysis Setup page.
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F ™
Dls \ D s Training project.dsaproj - Project” @M
[ Afum—
~ Project info Drilling information T&D: General Operations Static Analysis Time domain analysis Project report 7]
4P Add scenario = Display welbore scheme
® . El & b B 1 Display
= Delete scenario gﬂ Advanced model settings
. Validate Generate Run Clear Validate all Generate  Run Clear Generate report
‘ 4 Duplicate scenaric || scenario  model  analysis results scenarios  allmodels analysis results for analysis ‘
Scenarios Scenario[Rotary Driling 1] All scenarios Report GUI Settings
Project structure @ Analysis setup |
=& Project{Training project Scenario Caption » [ Advanced Setiings | Fosition |EventLog|
=[] Drilling information Caption:  Rotary Driling 1
** Well Trajectory [Well Trajectory] wal 2D Plot | 3D scheme DS position in well
el case
:': Wellbore construction [Wellbore) — _
Well trajectol : 'y
¥ BHA[BHAT) ey = |8 )q o I |
2% Drillstring [Sample D] [wel Trjectary -]
=} TnD analysis Welbore construction '
: ™D, ft
=] General Operations [We\lbo;@ v] Eﬁ]
= Rotary Drilling 1 I—'“'—l(
Static analysis Bit Position, ft 8794.75 2733, 2 g
Time domain analysis U
E Project repart Driling Information
Bottom Hole Assembly
[BHA L v] @ i Horizontal Displa‘Femant, ft
Drillstring a 2000 om0
[Sample DS v] @ . !
Driling fluid
[ar - g
Operations - &
@ Rotary Driling Tg
() Slide driling E
() Rotation Off Bottom
) pick Up
© Slack Off
(2) Back reaming
(71 Reaming
) Fishing
Parameters
Parameter Value
Weight on bit, kip 10
Torque on bit, kip*ft 1]
Penetration rate, ft/hr 0
Top point RPM, RPM o B
Solver type o
() Soft-String @) stiff-string | Inner Diameter,
< [ ] » v

Set the basic parameters of the new scenario by the middle panel controls.
Step 5.2.  Select the Well trajectory item from the Wellpath list; the list con-

Step 5.3.

Step 5.4.
Step 5.5.

tains all the well trajectories defined in the project.

Note: One can click on button to come to the Well trajectory item
description page.

Select the Wellbore item from the Wellbore list; the list contains all
the wellbore designs defined in the project.

Note: One can click on button to come to the Wellbore item de-
scription page.

Set Bit Position value equal to 6500 ft.

Select the BHA 1 item from the Bottom Hole Assembly list; the list
contains all the bottom hole assembly designs defined in the project.

Note: One can click on B/ button to come to the BHA 1 item descrip-
tion page.
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Step 5.6.

Step 5.7.

Step 5.8.

Step 5.9.

Select the Sample DS item from the Drillstring list; the list contains all
the Drillstring cases designs defined in the project.

Note: One can click on ¥ button to come to the Sample DS item de-
scription page.

Select the Drilling fluid 1 item from the Fluid list; the list contains all
the fluids from the Fluids Database (see Sect.1.4.1.3).

Select Rotary Operation scenario, and define parameter values:
Weight-on-Bit - 10 kip; Torque on bit — 1 kip*ft; Top RPM — 60rpm;
Penetration Rate — 15 ft/hr.

Select Soft-string solver type.

Analysis setup

Scenario Caption

Well case
wWell trajectory

Caption:  Rotary Driling 1 20 Plat |—‘3D scheme DS position in well

+ | Advanced Settings | Position | Event Log

.

[Well Trajectory v]

-

wWelbore const

ORI

ruction

[Wellbore

v] @ VD, ft

Bit Paosition, ft

Drilling Information
Bottom Hole Assembly

6500 @
U

[BHA 1

- =)

i Horizontal Displai:ementr ft

Drillstring

’Sample Ds

2000 4000

-

Driling fluid

A

d|H

Operations

(7 slide driling
(C) Rotation Off
) Pick Up

() Slack Off

() Back reaming
(") Reaming

() Fishing
Parameters
Parameter

@ Rotary Driling

Weight on bit, kip 10

___________________________________

m

Measzured Depth, ft

Bottom

Tarque on bit, kip*ft
Penetration rate, ft/hr
Top point RPM, RPM

Solver type

@ Soft-String () Stiff-string

o
Inner Diameter,
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Step 5.10.

Select Advanced Settings | Temperature map page to describe tem-
perature map distribution for the well on the right panel.

Click the Open = putton on the head menu of the Temperature map
editor to load the sample temperature distribution from Source directo-
ry\temperatures\ Sample temperature map.tmf file.

Click the  button to visualize the distribution on plot.

Step 5.11.

Analysis setup

Analysis setup |
Scenario Caption « [Advanced Seftings L | Event Logl
Caption:  Rotary Driling 1
P i g Temperature map | cooure distributi0n|
well
£ case. Temperature map
Well trajectory - - _
’WeIITrajectory v] E'ng|cﬂj':' +E“’Em|><|,§|!\w3 . .
# ft Temperature, F 1 Temperab_u're, F
welbore construction 4 2 o L= s 3 o MD. 1[;0 Zt;D
[ Welbore -) (@ 2 328.084 68.45 : :
Bit Position, ft 6 500 3 656168 9.8
G 4 984252 72.05
; 5 131234 75.2
Drilling Information 6 164042 70.25
Bottomn Hole Assembly i 7| 19885 542
BHA L b =) 8 229650 90.05
Drillstring 9 262467 26.8
’Samme DS .] @ 10 295276 104.45
N i 11 3280.84 113
Driling fuid 12 3608.92 12245
[A"' '] 13 3937.01 1323
QOperations 14 4Z65.09 144.05
@ Rotary Driling 15 4593.18 156.2

Select Advanced Settings | Pressure distribution page to describe in-
ternal/external pressure distribution for the drillstring on the right panel.

Click the Open = putton on the head menu of the TPressure distribu-
tion editor to load the sample from Source directory\pressures\ Sample
pressure map.pmf file,

Click the  button to visualize the distribution on plot.

! ) 1

Scenario Caption » |l Advanced Settings | | Event L0g|
Caption: ill

£ Rotary Driling 1 | Temperature map | Pressure distribution |
Well
Weellc:;ectory Pressure distribution

= =
[wel Trajectory - 5] Sld &Pt g i X @[ »]E .
# ft  Tube pressure, psi Annular pr ; Pressure, psi
Welbore construction 1 2 . g 4351]}':3 M3 o MO, f |y
Welbore -| [&H |F 2 328084 1496.17
Bit Position, ft & 500 3 656168 464121 1
U 4 984,252 4786.25 1
; 5 131234 4931.28 2

Driling Information 6 164042 5076.32
Bottomn Hole Assembly A 7| 198G <2136 2
(BHA 1 a = 8 229659 53664 2
Drillstring 9 262467 5511.43 5[ 4000 [---mom o A A
[Sample oS ,] @ 10 295276 5656.47 3 :
. 11 3280.84 580151 3

riling flui

- d 12 380892 5948.55 4
[M '] 13 3937.01 609158 4
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Step 5.12. Select the Rotary Drilling 1 scenario node in the Project tree and click
Duplicate scenario.

El TnD analysis = (@ TnD analysis
: E}-- General Operations = (E) General Operations
' - =" Rotary Drilling 1

- =2 Rotary Drilling 1
Add scenario

Static analysis
Time domain analysis Delete scenaric - (O) Static analysis
E Projectreport Duplicate scenaric Time domain analysis

=" Rotary Drilling 2

~[Z] Projectreport
Validate scenario

Generate model

Run analysis

Clear results

Generate report r

UM YEE #0 +

Results cutput settings  *

Step 5.13. Change the Rotary Drilling 2 scenario and change the operation to
Slide drilling. The scenario caption will be changed to Slide drilling au-

-
Bay NE Training project.dsaproj - Project™ E@g
ois | =y g project.dsaproj - Proj
- Project info Drilling information T&D: General Operations Static Analysis Time domain analysis Project report 7]
4P Add scenario % %,; o, I ) ¢¢ b ' 3 ¥ Display wellbare scheme

= Delete scenario
Validate all Genmerate  Run Clear

scenarios  all models  analysis results

Validate Genmerate Run Clear
scenaric  model  analysis resulis

Generate report

*4}, Duplicate scenario for analysis

GUI Settings ‘

Scenarios i Scenario[Rotary Drilling 2] I All scenarios Report
Project structure Analysis setup
= F'rOJe.cT. rl'rgmmg Dr.OJECt] Scenario Caption [+] [ Advanced Settings | Position |Event Log
E_}. D’nllmg information Caption:  Slide Driling 1 20 Pl
2 el Trajectory [Well Trajectory] el ot | 3D scheme
H ell case
“ Wellbore construction [Wellbore] Mecto o i = | = [
b BHABHAT] JSBE - ¥ || 8 | Q. Qe E |
.8 Drillstring [Sample DS] wel Trajectory - ‘
- (@) TnD analysis Welbore construction — : orizomal Displacement,
=-(0) General Operations [Wellbore -l @ 0 ' ZO;UO 40?]0
= Ratary Drilling 1 . | | '
- Siide Driling 1 Bit Position, ft 6 500 =
@ () Static analysis D
Time domain analysis it
= Lrilling Intormaton
g Project report Bottom Hole Assembly
[BHA 1 - =
Drillstring
[Sample DS v] E]
Drilling fluid
[ -] (3]
Oxrahons
(©) Rotary Driling
| @ slide driling |

(©) Rotation Off Bottom

) Pick Up

Now our project contains 2 T&D scenarios that we can compute and compare the
results.
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Step 5.14. Click on Validate Scenario button & in the Project tree popup menu,
or the head menu to validate the description of the scenario.

Event Log page will be displayed automatically on the right panel; the
‘No errors or warnings found’ message will appear if the input data is

correct.

=D -

[ Afum?

Training project.dsaproj - Project™

Projectinfo  Drilling information = T&D: General Operations Static Analysis ~ Time domain analysis  Project report
F Add scenario = Display wellbore scheme
2 |¥r > B 4 & & B B | -
= Delete scenario
& i Validate [Generate  Run Clear Validate all Generate  Run Clear Generate report
2 Duplicate scenario || scenario | model  analysis resulis scenarios  allmodels  analysis resulis for analysis ‘
Scenarios Sceflario[Rotary Driling 1] All scenarios Report GUI Settings |
Project structure | &| Analysis setup
=+ |[E Project[Training project] Scenario Caption '+ | Advanced Settings | Position | EventLog |
=2 Dvrllllng information Caption:  Rotary Driling 1 _
o ." Well Trajectory [Well Trajectory] d
Well case
&k Wellbore construction [Wellbore] e Event Log
- BHA[BHAT] A -
. =% Diillstring [Sample DS] [wel Trajectory -

=2 TnD analysis

Welbore construction

=8 General Operations [Wel\bnre

- &

- =% Rotary Drilling 1

6500 @

Critical errors not found

Processing scenarios

& (O Static analysis 4 Add scenario
Time domain analysis | = Delete scenario U
[ Project report 4”4}, Duplicate scenario
I
5 Validate scenario e = = >
% Generate model Q H
% Run analysis : @
l' Clear results
Z| Generat rt 4
— — |4
. Results output settings  *
@ Rotary Driling Done 01
) Slide driling |

Run analysis Interrupt analysis

4 24| Number of Processes: 4Threads avaiable

Rotary Drilling 1 and Slide Drilling 1 scenario are described, validated and

ready for running now.

Step 5.15. Save the project.

r
Al

Training project.dsaproj - Project™

Time domain analysis

Generate report
for analysis

Report

Project report

m Display wellbore scheme

GUI Settings ‘

Recent proj Static Analysis
[ Load
0. C:\Users\Public\DocumentsiRiMo...\Training project ¢¢ b l
=] 1. C:Wsers\Public\Documents\RiMol...\SampleProject | perate Run Clear
2. C:Users\Public\Documents\RiMoWVell ..\TMK_Test T"de's TEES s
SCenarios
3. CUsers|Public\DocumentsiRiMoWWell ...\M-C-P-DT
ﬂ Save as
4. C\Users\Public\Document...\DirectionalTend ies
B 5. CUsers|\Public\DocumentsiRiMoWWell Engi..\DT_1
Settings
DTN DTICTT - =
- Drilistring [Sample DS] Well Trajectory -
Er TnD analysis Welbore construction
=-(E) General Operations [Wellbore '] Eﬁ]
| =" Rotary Drilling 1 ] -
. Slide Drilling 1 Bit Position, ft 6 500
Static analysis U
; ;im.e ;omai; analysis Driling Information
EJ Projectrepo Bottom Hole Assembly
[BHA 1 -] k=)
Drillstring
‘ | [Somtens 31E

]

Advanced Settings | Position | Event Log
2D Plat | 3D scheme

Horizontal Displacement, ft
|

4000

[E——
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2.4.2. Analysis run

Step 5.16. Select Event Log page, and click on Run Analysis button to start the
evaluation of the described scenario.

Individual progress bar will be added to the right Running Scenarios
panel; “--- Calculations Started --- record will be added to the Event
Log; scenario inputs will be blocked automatically.

T&D: General Operations Static Analysis Time domain analysis Project report 7]
= Digplay wellbore scheme
o & B B Dsiay
Clear Validate all Generate Run Clear Generate report
=iz results scenarios  all models | analysis Jresults for analysis
ig 1] || All scenarios || Report || GUI Settings |
Analysis setup
Scenario Caption - | Advanced Settings | Position | EventLog |
Slide Driling 1 _
Well case . Analysis completion
Well trajectory Event Log message. sing scenarios
Wel Trajectory
- 4 Critical errors not found il
Wellbore construction
Welbore Ll

Information ﬁ

\':| General Operations: Calculations Completed
W Successfully,

£ | | |- Calculations Started

6 500

16.07.2020-17:14:12
Calculations Started

Drilling Information
Bottom Hole Assembly

BHA 1 @ 16.07.2020 - 17:14:1

o Scenario: Rotary Drilli
Drillstring Well Trajectory: Well
Sample DS @ Wellbore Intervals: Wellbore

Bit position: 6500.00 ft
Driling fluid
A Run evaluation
Operations *
Scenario inputs
are blocked Interrupt analysis | 4 '_A] Number of Processes: 4Threads available
Rotation Off poteamm Done:2/2
Pick Up -

Note: Input data validation, and project saving is carried out automatically before
process is running.

Note: One can use Run all scenarios button from the Project tree popup menu or
head menu to start the evaluation; the Run scenario button enables run of
the selected scenario only.

‘General Operations: Calculations Completed Successfully’ message will be
generated after the completion of all running scenarios (single scenario in our
case). Normally, calculation of the Soft-string scenario should take less than 1 se-
cond.

Step 5.17. Click Ok to close the message.

Results for the scenario has been calculated and stored in the scenario folder on
hard drive; calculated scenarios are marked by icon in the Project tree.



It h |

UM Dirillstring Analysis 92 Afum,
(4

Getting Started

2.4.3. Results output

DSA GUI provides the output of the calculated T&D results in 2D plot and Ta-
ble formats:

e 2D plots: set of 2D plots of the various result items on the single page.

e Table output: table view of the calculated result items.

GUI enables output of the results of single (selected) scenario, as well as the
output of the multiple scenarios results for comparison.

[ Analysis sstup | Results |
B EB|D

Outputs

EEIEEY A Y R
Axial force, kip Torque, kip*ft Von Mises stress, psi
4 [] Basic results = 0 00 0 010000 20000
Aol force MD.ft PR
[C] Haok load
Torque
[] Contact force 100 )

1000

/ 2000 ( 2000 f;
3000 3000

! i
Analysis setup | Results |

Plots | Tables
B = ==

Qutputs

] Bending moment
Von Mises stress
[ Adv: Forces
4 [ Adv: Stresses
[ Axal stress
[] Shear stress
[] Bend stress
[ creum. Av. Stress
[T Radial Av. Stress
4 [ Adv: stiff-string
[] stand off ratio
[ Lstersl displacement

i

Weasured Depth,

EEIEE LAY

el force, kip Torque, kip*ft

Limits/criterions
Helical buckling force
inus oidal buckiing force

[0 contact force
[CJ Bending moment
Van Mises stress

[ creum. Av. Stress
[T Radil Av. Stress
4 [ Adv: stiff-string
[0 stand off ratio
[ Lateral displacement

Measured Depth,

Von Mises stress, psi
[ posx P
= 4 [ pasic resutts = [ 100, 0| 10900 2060
PosY M WD, ft D, ft MO,

[7] Clearance ol force

. Hook load
[0 Eccentricity - =

Torque

§
I
.4

Auial force] S 1.00 4] 1 Adv: Forces £ /
orque] SF: 1.00 24 4 [ Adv: Stresses
@] Yield stress sk 100 A | — o pal ctreee
) [ Axial stress
—= ] Shear stress
[ Bend stress

3000 L 7

/

[ posx
Bl pos ¥ Analysis setup | Resulis
[ Cezrance Tables
[ Eccentricky B E B %  MD,ft Axialforce, kip Torque, kipft Contactforce, kip Von Mises stress, psi
Limits/criterions Outputs 1 0 138.841 818704 0 247241 f
[7] Helical buckling force o [] Basic resufts “ . to4s: 138547 R N T
[¥] Sinusoidal buckling force #Axial force
bl orce] ] Hook load 3 41453 137672 818704 o 242033
[Torque] Torque 4 724533 136798 818704 a 241943
@ Yield stress Contact force 5 103453 135924 218704 ] 240955
— 5E”d:g '”Ztme”t 6 134453 135.05 218704 0 230059
on Mises stress
[E] Al force safety factor 7 165453 134176 818704 0 2389856
[ stress safety s 198453 133.301 818704 0 238005
[ Torque safety 9 27453 132427 818704 o 237025
‘ D%m e .| 10 [258483 131553 818704 o 23505
[ Hel bucking force 1" 289.453 130679 818704 0 235076
4 [ Ady: Stresses 12 | 320483 120908 218704 ] 234104
[ toal stress 13 | 351453 128.931 8.18704 0 230108
E She;r e 1s 382453 128.056 818704 0 229129
Bend stress
Bl Craum, Av, Stress 15 413453 127182 818704 o 208153
[ Radal Av. Stress 16 | 444453 126308 818704 o 227178
4 [ Adv: siff-strin 47 | 475453 125.434 £.18703 0.000194501 226207
g f'\:”df:mhtm " 13 808452 12456 215711 051102 231506
ateral dispiacemen L
[ Posx 19 537453 123686 210211 0.939626 235645
[ Pos 20 | 568453 122812 807672 0.433567 228512
O dlarance 21 | 599453 121933 800112 129136 23829
EIDn E“E"m‘f'w 22 630453 121065 793215 117819 235782
+ [] Adv: DS Deformation >
22 661.453 120191 7.92787 0073143 217601 a

Step 5.18. Select the calculated scenario node (Training scenario) in the Project
tree to make the Results page on the right page control visible, and go
to the page.
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2.4.3.1. 2D plots

Single scenario results output

Step 5.19. Select Results | Plots page to display the set of 2D plots of the various
result items.

One can select an output from the check box list — the corresponded
dependency of the selected output vs. measured depth will be displayed
on the 2D plot on the right panel.

Analysis setup | Results

Plots | Tables

@Illﬁl FE eam- | x

Qutputs Axial force, kip Torque, kip=ft Von Mises stress, psi
4 [ Basic results - 0 o 100 0 o 010000 20000
[_ Aol force ] MDD, :: MD, I‘~"!D, !

~[C] Hook load : . :
- [¥] Torgue | >
-] Contact force - 1000 \ ------------------- {2000 f e
N . ]
>

~[C Bending morment :
| Von Mises stress I - :
~[C] Adw: Forces [
I R | T S— - % ------- ' N

Check the output(s) Output of under-cursor-MD
to add the 2D plot value on plot

- — - —
[T BN STress = :
=[O Circum. Av. Stress o | I S PR 3000 f------ ) S
[[] Radial Av. Stress = % : | MD, ft '
4 [ Adw: Stiff-String 3 .ﬁ.x:ﬁal force, kip
~[] stand off ratio = }
<[ Lateral disphcement | || adebecofe oo 4000 k- - --- 0 ,'f 00
] Posx ﬂ129.59153 ﬁp
=[] posY '
[ clearance : ]

[ Eccentricity

4[] Adv: DS Deformation
<[] Axial offset

~[C] Torsion angle

=[] Temperature offset : '
4 [ Adve Lirmits |4 Tttt e e 5000 -
=[] sin buckling force : i
- [ Hel buckling force
= [T Tavisl frrral 25400 Von Mises stress, psi 5722 MD.ft Part/Section: 5" Drill Pipe_Unit7

IRt SRR 5000 f----mm e 5000

The following 2D Plot display options are available:
- Fit all plots;

“\ - Turn on advanced 2D plot settings;

% - Export plot data to MS Excel;

¥ - Display plot value corresponded to under-cursor-MD in hint window.
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Results safety estimation

Safety estimation of the calculated results is available by visualization of Lim-
its/Criterions areas on plots.

Limit/Criterion

Description

Helical/Sinusoidal
buckling force limit

Estimation of critical helical/sinusoidal buckling force for
drillstring section by analytical solution

[Axial force]

Max allowable force defined for the drillstring parts

[Torque]

Max allowable torque defined for the drillstring parts

Yield strength

Yield strength of the drillstring parts (from the part materi-
al properties)

Step 5.20. Check on the [Yield stress] criterion, and vary the SF parameter value
to estimate the safety factor for the considering case.

Analysis setup | Results

Flots | Tables
[EF
Dutputs
4 [@ Basic results
Axial fgrce
Hook Ipad
Torqus
Contagt force
Bending moment
¥ VWon Mies stress
[T adv: Forces
4 [[] Adv: Stregses
Axial stress
Shear §tress

EOoOoOOo

Bend gress

Circumf Awv. Stress
Radial fiv. Stress

4 [7] Adv: StifffString

Stand pff ratio
Lateral displacement
Pos X
Pos Y
Clearar|ce
Eccentricity

a [] Adv: DS Oeforrmation
[ __A~vial offcat

OOooo @

OoOoOooo

Activate Results com-

parison mode.
' H @ G| N K:;

- 0 : ' 20000

Results/Criterions list available '
for display on plots; SF (safety
factor) variation can be used for
estimation of the case safety.

Von Mises stress, psi
2400

1000

m

2000 |- ----m e e T ECEnEEEEEE EEE e - R CEEPEETRERERES e

3000 f--- oo iR R =

Measured Depth, #

4000

3000

Limits/criterions
[T Helical buckling force
[ Sinusoidal buckling force

[ [Axial farce] sk 1.00 %]

[ [Torque] sk 1.00 %] /
@ Yield stress sk 2.70 %]

6000 [~ b =
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Results comparison mode

Step 5.21. Click on the button above the output list top activate the results com-
parison mode.

Checkboxes will appear left to the calculated scenarios nodes in Project
Tree; the user can select the scenarios, which results should be dis-
played on one plot.

Step 5.22. Select the Rotary Drilling 1 and Slide Drilling 1 scenarios in the Project
tree to display the comparison plots.

.

Training project.dsaproj - Project™

= | B[S |

r A_un/ls

Project info

Add scenario

Drilling information

T&D: General Operations Static Analysis

Time domain analysis

(7]

Project report

'ﬂ' Display wellbore scheme

Project [Training project]
= E Drilling information
" Well Trajectory [Well Trajectc
l’; ‘Wellbore construction [Wellb
= BHABHA]
w Drillstring [Sample DS]
=] TnD analysis
= (Z) General Operations
Rotary Drilling 1
Slide Drilling 1
Stallc analysis
Timle demain analysis
5 Project report

Select the scenarios
to compare;
Turn on plots color-
ing in pop up menu

4 m b

(v F B
Delete scenario
_ _ Validate Generate  Run Clear Validate all Generate Run Clear Generate report
‘ Duplicate scenario || scenario  model  analysis results scenarios  allmodels  analysis results for analysis ‘ ‘
Scenarios Scenario[Rotary Driling 1] All scenarios Report GUI Settings
Project structure @ Analysis setup | Results

Activate results
comparison mode

Plots
=gl

Qutputs

oz~ | & 1)

Axial force, kip

4 Basic results

Axial force

Hook load

Torgue

Contact force

Bending moment

Von Mises stress
[C] Adv: Forces

4 [ Adv: Stresses

Axial stress

Shear stress

Bend stress

Circumn. Aw. Stress

Radial Av. Stress

»
o

OoOooOoE

oo

ooo

m

------------------------------------------------------

40

4[] Adv: Stiff-String
Stand off ratio
Lateral displacement
Pos X
Pos Y
Clearance
Eccentricity

dv: DS Deformation
Axial offset
Torsion angle
Temperature offset
4[] Adv: Limits

[ sin buckling force

Measured Depth, £

O
S

28.813369 kip - Slide DrillinE 1 !

|48.298629 kip - Rotary Drilind 1

_____________________________________________________

Scenario result plots are dis-
played with the colors specified
for the scenario (by scenario
node pop up menu).

[] Hel buckling force

7] Tavial fareal

" || 8.4 Axial force, kip

3232 MD, ft Part/Section: 53" Drill Pig
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2.4.3.2. Table output

Step 5.23. Select Results | Tables page to access to numerical results data, export
it to CSV file, or copy to clipboard.

One can select an output from the check box list — the corresponded
dependency of the selected output vs. measured depth will be displayed
as a column of the table.

Analysis setup | Results

| # MD, ft  Axial force, kip Torque, kip*ft Contact force, kip ‘on Mises stress, p: »
Outputs 1§ 138.841 218704 0 247241
‘ De 22 104533 138.547 8.18704 0 243926
Fl Hook load 3 414533 137.672 2.18704 0 242033
Torque 4 724533 136.798 8.18704 0 241943
Contact force 5 103.453 135.924 818704 0 240955
iz:dﬁe;";r::szt 5 | 134453 135.05 218704 0 23996.9
] Axal force safety factor 7 165453 134,176 3.18704 0 23398.6
[[] stress safety 3 196.453 133.30M 8.18704 0 238005
[ Torque safety g 227.453 132.427 8.18704 0 237026
‘ Déﬁ"ng e 10 | 258.453 131.553 8.18794 0 23605
[] Hel buckling force =||| 11 288453 13 save to CoVfile.. o 23507.6
4 [T Adv: Stresses 12 | 320.453 | Cemrmanle 0 23410.4
[l Axial stress 13 | 351453 128.931 8.18704 0 23010.8
g Shear stress 14 382453 128.056 2.18704 0 22012.9
] Eis::jms.tr;fsuess 15 413453 127.182 818704 0 22315.3
7] Radial Av. Strass 15 444453 126.308 2.18704 0 20717.2
4 [[] Adv: Stiff-String 17 475453 125.434 8.18703 0.000194501 22620.7
g Stand off ratio 15 506.453 124 56 315711 051102 231506
0 ;aoze;l deplacement 19  537.453 123.686 8.10211 0.939625 235845
[ posY 50 | 568.453 122.812 8.07672 0.433567 228512
[C] Clearance | 21 599453 121.939 2.00112 1.29138 23829
DD E_CCE”trm _ 55 6304532 121.065 793215 117819 23578.2
[ W 23 | 661452 120191 7.92787 0.073143 217601 _
71 Tamnaratira nffeat || | b

Note: MD column is common for all the outputs.
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2.5. Time Domain Analysis

The section contains brief overview of the Time Domain Analysis concept, and
step-by-step description of Time Domain analysis of the Rotary BHA assembly in
the sample well trajectory.

Time Domain analysis overview

DSA application provides advanced tools for close-to-real time simulation of an
assembly motion in the well with optional account of operational loads, assembly-
wellbore side contact, and bit-rock interaction.

Time Domain analysis can be run in multi-scenario mode (like Static Analysis)
with result post-processing, or in Simulation Desk mode — animation of model mo-
tion and results output during simulation.

Simulation includes the following stages:

» Initial state evaluation:
Time domain simulation is started from the equilibrium state of the as-
sembly to minimize unrealistic transient effects.
Equilibrium state is evaluated in accordance to the procedure described in
Sect.2.3.
Axial force defined for the time domain scenario is applied to the top of
the assembly; bit point axial motion is constrained.

Note: Constraints on lateral motion of top/bit point of the assembly can
be defined in Advanced User and Developer mode.
» Time domain simulation

Assembly model boundaries are redefined — constraint on axial motion of
the top point is added; axial force — calculated at the initial state evalua-
tion stage is applied to the bit point (used for initialization of bit-rock in-
teraction force model, if active).

Rotary speed is provided by control torque applied to the top point of the
assembly; rotary speed is set equal to zero, model is speeding up under ac-
tion of the control torque.

Assembly kinematics and set of force characteristics are stored during
simulation automatically, and can be replayed after completion of the
analysis; the user can visually control the process by animation window
and various 2D plots during simulation in Simulation Desk mode.
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Time Domain Analysis GUI enables study of any number of test cases — sce-
narios — within single project. Time Domain Analysis scenario (or TDA scenario)
is defined by the following basic inputs:

e Well case info: well trajectory case, wellbore case and bit position.

e Drilling Info: BHA case, drillstring case and drilling fluid.

e Operational settings: Drillstring weight, block weight, drillstring RPM.

e Simulation settings: simulation time, cut-off-time.

e Bit-rock interaction options.

e Harmonic excitations options.

e Set of advanced settings available for the Advanced User or Developer.

Single scenario corresponds to simulation of the motion of the whole drillstring,
or its bottom part, described with BHA case and drillstring case; axial force ap-
plied to the top point of the assembly is evaluated as Drillstring weight minus
Travelling Assembly Weight value.
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2.5.1. Scenario description

Step 6.1. Select the Time Domain Analysis Project tree node to access the Stat-
ic Analysis GUI, and Add scenario by popup menu or the head menu.

Alum
Projectinfo  Drilling information StaticAnalysis | Time domain analysis Project report o

| Add scenario I W o 3 B 4 & » B
= Delete scenario

Validate Generate  Run Clear Validate all Generate  Run Clear

~ Generate report
4 Duplicate scenario || scenario  model  analysis results || scenarios allmodels analysis resuits for analysis
Scenarios J Scenario [Training scenario] ! All scenarios Report
Project structure Analysis setup
=] Project [Training project] Scenario Caption = Posilion | Event Log
= D.ril\inginfnrmatmn Caption:  Training scenario M E =
7 Well Trajectory [Well Trajectory] ots | 3D view
----- :‘: Wellbore construction [Wellbore] e 0
Wellpath . A oy o P | =
i BHACases E =) * ‘ e N SN }4—- ‘ | = H b i
[WeH Trajectory v] 200
- Wellbore : : Horizoftal Displacement, m ﬁ
. #% Drillstring [Sample DS] [welbore - o TP 40 B 1200 1600 P
= (O) Static analysis - ! ! : . 800
- 4 TrainingScenario EPEEET, T 274.32 = 700
ime domain analysis U 10
900
rmation E 1000
Add scenario -
BE0iect RO & Hole Assembly £ 1100
=" Delcte scenano =] S 1200
=}
%y Duplicate scenario = 1=l
Case £ 1400
% Validate scenario @ 1500
. DS BE L g 1600
% Generate model 1700
% Run analysis Juid - E] 1%
(£) Run scenaric in Simulation Desk
' = 2000
2100
W Clear results iy
. 2200
5 Genaatercport jowce O Upto surface =
2400
Results output settings b gter Value 2 500
‘Uperational settings I 2600
Weight On Bit, kN 44, 2700
R -500 [ 500
DS RPM, RPM 60 L Inner Diameter, mm
4 m ] » 4 Simufation settings - [

Scenario 1 test case will be added to the TDA scenario list; the corresponded
node will be added to the Project structure tree and focused by default; scenario
data will be displayed on the right panel, Analysis Setup page.

Projectinfo  Drilling information StaticAnalysis | Time domain analysis Project report (7] |
<P Add scenario =
q ¥ % B R & » B B
= Delete scenario
% " Validate Generate Run Clear Validate all Generate  Run Clear Generate report
e Duplicate scenario || scenario  model  analysis results || scenarios allmodels analysis results for analysis
i Scenario [Training scenario] All scenarios Report
Project structure [@]||Analysis setup ‘
=} Project [Training project] Scenario Caption "+ [ Position EventLog
[0 Drilling information Caption:  Training scenario B .
#2 Well Trajectory [Well Trajectory] e Pl e DSpsstimme
:‘g Wellbore construction [Wellbore]
Wellpath P ¢ Q'
(- m= BHACases b - = i ‘ -; QR K e .IL ‘
£ BHA1 [wel Trjectory - |z -
BHA2 Welbore D
! D, 1000
% Drillstring [Sample DS] [Welbore v] .I p
=] Static analysis -
4 Bit Postion, m 274.32 @)

& TrainingScenario | |
=} Time domain analysis . D
" 4 Training scenario _’

= Drilling Information
[Z Project report

Bottom Hole Assembly

[BrA 1 == o il e e
Drillstring Case :
[sample Ds B!
Fluid '
(Driling Fiuid -3 ' o " R
Inner Diameter, mm

Measured Depth, m

Parameters

Set the basic parameters of the new scenario by the middle panel controls.
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Step 6.2. Set Training scenario caption for the scenario. The scenario node

name will be update in the Project tree automatically.

Step 6.3.  Select the Well trajectory item from the Wellpath list; the list con-
tains all the well trajectories defined in the project.

Note: One can click on button to come to the Well trajectory item
description page.

Step 6.4. Select the Wellbore item from the Wellbore list; the list contains all
the wellbore designs defined in the project.

Note: One can click on button to come to the Wellbore item de-
scription page.

Step 6.5. Set Bit Position value equal to 900 ft.

Step 6.6. Select the BHA 1 item from the Bottom Hole Assembly list; the list
contains all the bottom hole assembly designs defined in the project.

Note: One can click on ™=/ button to come to the BHA 1 item descrip-
tion page.

Step 6.7. Select the Sample DS item from the Drillstring list; the list contains all
the drillstring designs defined in the project.

Note: One can click on = button to come to the Sample DS item de-
scription page.

m

PR at

Measured Depth, ft

Step 6.8. Select the Drilling fluid item from the Fluid list; the list contains all
the fluids from the Fluids Database (see Sect.1.4.1.3).
Analysis Setup | Simulation Desk
Caption: Training 5 i —'—‘
& raining Scenario Plots |20 view N
Wellpath - P
[Well Trajectory v] m| = Q : 'I‘OM %’J
Welbore T " h i
[Wellbore ,] g  ft 40 0
Bit Position, ft 900 - :
U
Drilling Information
Bottom Hole Assernbby
|BHA 1 o=
Drillstring Case
[Sample Ds vl @
Fluid : -20 0 20
[Drilling Fluid_1 -l Inner Diameter, in
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Step 6.9. Set operational and simulation parameters:
» Operational settings
e Weight on bit = 10 Kip;
e DS RPM =60rpm
Right click on the parameter value cell and select the option from the
popup menu to choose operation parameters set (weight on bit).

Parameter Value N | FOWK\
4 Qpp—= | oras H H
Operation parameters set k| ® Weight on bit B
DS RPM, RPM 60 Hook load
4 Simulation settings :
Simulation time, sec 20
Cutt-off-time, sec L 1000 |

» Simulation settings:
e Simulation time = 20 sec
e Cut-off-time = 1000 sec.

|Driling Fiuid -

Parameters

Assembly
@ By source (*) Up to surface

Parameter

4 Qperational settings
Weight On Bit, kip 10
DS RPM, RPM 60

4 Simulation settings
Simulation time, sec 20
Cutt-off-time, sec 1000
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Step 6.10. Activate Bit-rock interaction force control and select Bit Type:
Roller cone bit

Analysis setup |
[Drilktring Case ] E Position | Event Log
Sample DS M= (o e
Plots | 3D view DS position in well
Fluid
[Driling Fuid ~| 3 z ‘ 23] ‘
Parameters
Assembly Vo, ft
© By source © Up to surface — Horizontal Displacentent, ft
Parameter Value | 4000 =
4 QOperational settings i H £
Weight On Bit, kip 10 a
DS RPM, RPM i 60 3
4 Simulation settings = E
Simulation time, sec i200 2
Cutt-off-time, sec i 1000 T 4 O, SRR ¢ IR
|:| Harmonic excitations
- = Wi
Bit type
) PDC bit () Tucker-Wang model H —
@) Roller-cone bit () Stribeck model -20 (1] 20
o Inner Diameter, in

Step 6.11. Press on button and look on the BRI parameters. By default were
accepted such settings:

Model parameters

lodel type: |Roller cone bit model

| parameter Value
4 Warren model parameters
~ Bit diameter, " 12.2441
Relative rock compressive strength 1
~ Warren ROP model parameter A 0.3
Warren ROP model parameter C 2.8
“ Warren TOB model parameter C3 2.37
Warren TOB model parameter C4 14.2
Face profile amplitude, " 0.0393701
4 Stohastic components
Stohastic lateral force RMS, Ibf 0
Stohastic TOB RMS, Ibf*ft 0
Stohastic vertical iregularities RMS, " 0.019685
Stohastic frequency scale 5
Stohastic axial force scale, % 0.1

Default seftings ]

Bit diameter is equal of the bit diameter, stochastic components are not equal zero
by default.
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Step 6.12.

Look on Top drive tab. By default were accepted such settings: Gain =
1.5e5, iGain = 2e7.

Step 6.13. Click on Validate Scenario button & in the Project tree popup menu,
or the head menu to validate the description of the scenario.
The information message on mismatch of the scenario bit position with
the assembly length will be shown again (see above).
‘No errors or warnings found’ message will added to the Event Log,
if the input data is correct.
Q%S_ )
Afum Projectinfo Drilling information Static Analysis Time domain analysis Project report (2]
ﬁ :dld ::enario : 5 e g, L 2 & b X )
‘*T;;:r;nario scenarlov anr:u:rerla m:n:cl:::n UL = an;lrlw;i;lsa"::alysns “ j;.;ryi |
Project structure Analysis setup
£ Ortng wormaton = * [ o |
s "~ WellTrajedory[‘.'Ve.llTrajectory] [:::D'E 2 v]@ &9}
=N BHAC;S:;Jnstructlon“ T [Dmllng Fluid ,] EventLog Running Scenarios
“é”g;:; - p:r:::r.:;y ] No errors or warnings found.
= O;m;izﬁgmc::zlr;gis 4 QOperational settings

L Training scenario [RFSRNAFR, i [BUI

2] Project report
1=, Frolect e = Delete scenario

%5 Duplicate scenario

m [sec 20 J
|Dﬁ Validate scenario i TI000 | Al
T Generate model

% Run analysis

© Run scenario in Simulation Desk 2|
L)
§ Clear resuits
= Tucker-Wang model P e
= » Run analysis r Interrupt analysis 4 *4| 4Processors Available
Z] Generate report ity ly: L A
Results output settings L Done;oft

= : o

P[] Initial ctate eauilihrium raculte

Training Scenario is described, validate and ready for running now.

Step 6.14. Save the project.

2.5.2. Run scenario by Simulation Desk

DSA GUI enables two variants of Time Domain Analysis processing: Simula-
tion Desk and multi-scenario solver. In this section the step-by-step description of
the scenario processing in Simulation Desk mode is considered.

Important! Simulation Desk is initialized by the scenario model files; one needs to

generate the model (by special command or during the multi-scenarios
run) to make the Simulation Desk page visible.

Simulation Desk GUI

Simulation Desk interface includes controls for the scenario data processing,
simulation process controls, and set of tools for 3D/2D results output.
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@ =6 A |f;_%~em
[3] Animation window | [ = == Tpaduian ‘E”EHE'
@ 8 fey i - . ariables
| « XI[T1¥| pesktop configuration controls o ; ; ——
@ oy | H_ \ ey = .Tnppnint_Axu.. 0 l I$ 1‘:&
Results output tools
Tpadukn ‘E”EHE|
Variables " "
.Eit Position - ...
3 Time, epond
Q 4 & 12
[=Ee= ] | E rpagn =EErE=]
Scenario data processing Varizbies : ;
Wropre-To... RPN :
e — . A o ool oo ] Wllop crive vp... ;
] pomooaia v Mstrem -t .. : ;
Pesvoipieddsla - Gimulation process controls g i i
Q 0.2 04 0.6 08 1
1] | | 0.4037 0.024
'Eg\ > 1 -| i:y‘ B [ [& Model time: CPU time: Progress: 0% I‘

Scenario data processing:
% - clear scenario results.

Simulation process controls:
» - start or continue simulation;
- pause simulation;
- stop simulation and clear results.
B - start replaying;
E - pause replaying;
® - stop replaying.

Results output tools:

[ - add 3D animation window;

= - add 2D straightened side/cross section view;
E) - add 2D plot;

% - show/hide Wizard of variables.

The default desktop configuration for the scenario is loaded automati-
cally during the first loading of the scenario model, or after regeneration
of the model files.

Default desktop includes:

e 3D animation window;

e 2D side/cross section view window;

e two 2D plot windows: Bit/Top point axial G-forces, and Bit Posi-
tion vs. Time dependencies.
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Analysis Setup | Simulation Desk | Results

|__~0+| == E‘ }t @—fﬂ é £ E[Iﬂonommueﬁyposoﬁnom v]
El AHUMELNOHHOE OKHO ’?"E"?‘ Tpagukn EI@
m o K|[ES % @ 3p animation window | ||

Wit point_Axia...

S(@w| B\ N\ Srowrre < Wnan

2D plot windows
Tpac =]

MepemMeHHEle T
Wit positon - | 10 :
0 4 . 12
Qn y EEir=]
=
I'Ipqno 1 CeYeHHe CKBaMMHbL
Pos X ) i . X
2D side/cross section view window
LWI- : —— = ‘
a
838.14 -54
Pos Y - BepTukanoHoe crewwenme B B CK cksakmHb!
R| L | | \b| B o Model time: CPU time; F'rogress:‘ 0% |||

One can click button to regenerate and upload the default desktop.

Step 6.15. Select the Training scenario node in the Project tree, and
click on Generate Model option of the pop up menu of the
head menu.

.‘—+—AU e ML —

" Projectinfo  Drilinginformation  StaicAnalysis | Time domain analysis | (7]
Add scenario - =

¥ alr | = 2 ¢ * B

Validate} Generate ] Run Clear Validate all Generate Run Clear Generate report

#4% Duplicate scenario || scenari model | analysis resulis || scenarios  all models  analysis results for analysis
SCENarios Sclnario [Trainfhg Scenaria] All scenarios Report
Project structure Analysis Setup |
=8 Project [Training project] Scenario Caption =1 ced Setings IPosih‘on EventLog
=& Drifing information Caption:  Training Scenario T
% Well Trajectory [Well Trajectory] e =)
Z'E Wellbore construction [Wellbore] EventLog Running Scenarios
o] Welpath
= BHA[BHA1] [Wel — ]
" Drillstring [Sample D3] fajectory T
(O static analysis Welbore
£ Training scenario [Weﬂm(e 'I 3
2 Scenario 1 _—
& scenario2 Bit Position, ft 900 @
2 (@ Time domain analysis ﬂ
g v Scenaro
4k Add scenario
mbly L
T |
-
¥ Duplicate scenario
2 Validatescenaion =
3% Generate model |
‘ Hun BI\BEB - E]
Run scenario in Simulation Desk
[ Run analysis ] ‘ Interrupt analysis |fProcesses: 4 ﬂ 4Processors Available
l Clear results
Generate report lDﬂnE on ‘
|
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Scenario inputs validation will be started automatically be-
fore model file creation.

The success model generation message will be shown finally.

A, $ | ==

[0] All models and configuration files are successfully
S generated!

Information

The model files have been created successfully, the model is
ready for loading/running by Simulation Desk GUI.

Step 6.16. Select Simulation Desk page on the right panel.

Default desktop contains many windows with plots.

| Analysis setup| Simuiation Desk

EB=E A E B & | |Drilisting position in well
=] Animation window = @[] | B resdmn o[® =
BaXEsrG e cEw RNNS ¢ v e e
7 st point_Avia... G &
7| llvop pont_ax -
= rpaguma ERECEES
Vanables
v/ Mlse
B Drilistring position in well o= o 8=
=-(@ (8] =0 -
Side secton
b3
Pos Y - Vertical dsplacements (in welbore reference frame)

b

B m| OB Model time: CPU time Progress: 0%

Note: The request on the model files generation will be output automati-
cally, if the model files are not actual to the current settings of the
scenario.

[ MpegynpexaeHue Iﬁ ]

I Scenario description was modified. Model files will be
~*== regenerated. Continue?

S‘
Getting Started (Afum,
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If one will click No, the empty Simulation Desk page will be

opened; the request will be repeated when one will try to start the
simulation process.
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2.5.3.  Wizard of variables

Step 6.17. Click on Wizard of Variables.

Analysis setup | Simulation Desk ‘

@ = @’ /&;_ @—?‘ g b{? ’ [Drillstring position in well v]
+ + | =

T

Variables
| 5 Variables for group of bodies |
2= Kinematics | Z= General I Z= Beam Sensors |
= training scenario » || Selected
=[] DsshaftPipe_1 |=
&[] sensors Variable type
~ [ [oFe =01 [12_1/4 @ Linear ) Angular
- [] [oFB =0.051] [12,
Type

-] [DFB =0.331] [12,

[ [oFs =0.458] [12 @ Coordina”) Velocity () Accelerat

- [] [DF8 =0.61] [12_ Component
- [] [DFE =0.915] [12, @x O axial OV

-] [DFB =1.27] [12_: (R ) Lateral

-0 oFe =1.372] [12 ®z @V

[ [DF8 =2.896] [Col Reference frame

L [ore .02 @ Global referenc) Wellbore refere

- [ [DFE =6.3098] [M
- [] [oFB =8.0164] [M Units

[ [DFB =9.7232] M ft -
- [ [DFB =11.43] [MF
-] [DFB =11.735] [1.
O [oFe =12.3945] [

-
[ B TP

4 I 2

(none) || bni

To add a variable to the graphics window, you need to click on the but-
ton “hand”;

Variables
9 Variables for group of bodies ‘
2= Kinematics } 2= General Z= Beam Sensors ‘
|
Wma Dim.. Comment -

Scalar variables

| |

Bit Position Bit position
| BitInclination Bitinclination |
Bit Direction Bit direction
Vector variables
Tangent On Bit Tangent on bit
Face Normal Face normal
Force on Bit Force on Bit
Force on Top Force on Top

Set of Vectors

R DS-Wellbore resultant contact force
N DS-Wellbore normal contact force
Ffr DS-Wellbore friction contact force v
Abscissa Type
Default @ From Surface From Bit

Bit Inclination “ Bitinclination ‘

Progress: 0% H
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The following types of variables are available used in DSA GUI:

e Scalar variables (Bit position, Inc, Direction, etc.) are displayed in

graphical window as a vs. time plot;

e Vector variables, Set of Vectors (Tangent on bit, Ffr, Axial, etc.)

are displayed in animation window.

e Plot variables (Well Inc, MBend, etc.) are used for output of pa-
rameters distribution along the assembly.

Wizard of variable consist several group.

Step 6.18. Choose tab ‘General’, click ‘Force on bit’ at the ‘Vector vari-
ables’ group and click button ‘Hand’. Variable wall be added

in 3D window.

Step 6.19. Choose tab ‘General’, choose ‘PosX’ at the ‘Plot variables’

group and click button ‘Hand’.

Step 6.20. Choose tab ‘Kinematic’, choose the last sensor left, click
checkboxes like on picture and click button ‘Hand’ to output
Bit angular velocity on separate graphical window.

Variables
5 Variables for group of bodies |
3= Kinematics | 3= General | 3= Beam Sensors |
O mrs =191.88¢ “|| Setected
O] [oFs =192.19] [DFB =277.229] [5"_Drill_Pipe_Unit1
[ [FB =192.49¢ Variable type
[J [OFB =201.33< *) Linear @ Angular
[ [Fs =201.63¢ Type

[ [oFB =201.942
[ [rs =210.782
[ [orFB =211.087
] [oFB =211.39z
[ rs =220.231
[ [rs =220.53¢
[] [oFB =220.841
[] [DFB =229.68]
[ [rs =229.98¢
[ [oFB =230.29]
[] [oFB =239.12¢

Coordinz® Velocity ) Accelera
Component

X @ Axial VI
Y Lateral
&z @V
Reference frame
@ Global referent” Wellbore refere
Units
[RPM v

[ [oFs =233.43¢
[ rs =239.73¢
[] [DOFB =248.57¢
[] [DFB =248.88z
[ [ors =243.187
[ [rs =258.02¢
[] [DFB =258.331
[] [DFB =258.63¢
[ [ors =267.47¢
[ [Fs =267.78]| _
[] [oFB =268.08%
[ [oFs =276.92¢ |
[DFB =277.22¢ ~
< " »

Sensor377_[Global SCJ[Angle]

&

Step 6.21. Choose tab ‘Beam Sensors’, choose the first sensor left,
choose ‘Qz’ and click button ‘Hand’.

VD S‘

Alum
[ |
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Step 6.22. If necessary, arrange the windows as you like. Those win-
dows that you do not need to calculate, you can collapse or close.

Step 6.23. Click on Start Simulation button

110 Getting Started

Note: If the scenario already has calculated results (the scenario was

done), the additional request will be generated to continue the pro-
cedure or cancel it.

Information

T T

i j| Scenario calculated. Would you like to clear the results
S and restart simulation?

Click Yes to continue.

Simulation is run. The initial state calculation — evaluation of the
equilibrium state for the user-defined boundaries — is processed at the
first stage of scenario simulation. The progress bar label indicates the
current stage.

Anaiysis setup| Simulation Desk
B=E A e 2 |
|| (3] Animation window = T= o [@=
o (T s + = Tpaduxn o | 8=®
@ o QNS sk & @";{1 ‘
— Variables T / 1 G-Force,
7| Mllshaft UMD:... 0: Pos ‘\% 7\ o
\ { ‘ - 3 0
/ \ | \
/ \ | | [ \ f
/ | | olesrefrentse o
\ K 1 [ o —_—
Vo
\ / | “ [ [ ERECEES
11
X rpadmn ol[@]=
a7 1.624 -
Variables {
X rpadmcn o @[= 7| Mllsensor0_fGo... | Senscrd_{Global jc'jAr\;-:.f‘{:mj ROM
Varisbles | N ‘ | \
7 Mllsensor0: Qz. <l QL o LA \ I | 1] Mime. e byt e
of VI o 4 7 -
‘\\ [ 1“”1“‘1‘1 |
= ‘ 1N\ A { u L
1 N — ——— 0.014265058 RPM, ==
1A o |[@][= Fpadmin (e — ==
L \ i ¥
N Variables —
£ 7 .Tna RPM 1.466 0.0197
— \ 7 Moo drive R ...
second 7 Wllstrom -5
o
o
L5 0.098
8L1 62
Bl moEmE Model time (s): 3.45 CPU fime (s): 5,991 I initat state caicuiation: [ 15% 1]

Note: If the scenario has been already started, and the input parameters
are still actual to the previous run - the initial state will be taken
from the saved Initial state results; equilibrium state evaluation
stage will be missed.
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After the equilibrium state evaluation (30% progress, by default), the
time domain analysis of the rotating assembly is started. The progress
bar label indicates the stage.

UM Dirillstring Analysis 111

| Analysis setup | Simulation Desk

E=F i BoeL

[3] Animation window [o @[] | Ereaduku o [@=
A [ a | T
@ @SsrPgle o@w NN 2| e [ o
[— I ®n [ [@][=]
=] rpadyuxm (=@ =] ‘L R L=lon)
Variables
Variables T — ” T
| : ' H L4} H SensorD : QZ, ki
[¥] [l sensoro_[Glo... Sensard_[Giobal SCYAngle]lvJAxil, RPM : erer0 £ Qf o ’
: A ] o iz
INONINANINAA e, s L :
9 ? 3 3 3
J : : ; = —
5 k
|
6.95 -151
1|
[ rpaducu o |[® =] :
Variables
¥ Mllshaft UMD:... sheft UM DP’;;XS in i N = = =
B rilist u /—J FryTe S TE®
= - / A | variables
Side sect i | 2 Ml ToprPM - To... RPM : : :
H o) zm m | & Ml Top criveRe... N LA pT H ;
12 V] IllsitrReM -Bit ... A 3 : Ry Second
PosY - | 0 7 ) 3
E RS IS | ST (SRR 0. SN | S 3 : :
0 — il
92.1 0.81 TF, deg: 153.363 in: 14.1632658663177
Bl m| o EDE Model time (s): 6.06 CPU time (s): 72.446 ITime domain simutation: | |
]

‘Simulation over’ message will be generated after any of the simula-
tion end conditions will be reached (simulation time, or cut-of-time).

Note: Cut-of-Time is applied to the Time domain simulation stage only.

Information ﬁ

| Simulation over.

Step 6.24. Click Ok to close the message.

Results for the scenario has been calculated and stored in the scenario

folder on hard drive; calculated scenario is marked by icon in the Project
tree.
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2.5.4. Replay calculated scenario by Simulation Desk

Simulation Desk GUI enables replaying of the assembly motion for
the calculated scenarios. One can replay the scenario case without start-
ing time domain simulation — 2D/3D animation and variables output are
provided on the base of the records of kinematical characteristics stored
during previous analysis.

Note: Some outputs — related to bit-rock interaction force models, etc. —
cannot be restored from the instant kinematics of the model; these
outputs have zero values in Replay mode. One needs to rerun Sim-
ulation, or use Variables and Plots pages to study the direct rec-
ords of the outputs.

Simulation replay controls are placed on the bottom panel, left to the
simulation process controls.

Step 6.25. Click the Start replay I button left on the bottom panel to
start the process.

Analysis setup | Simulation Desk | Results

D= i Beps [

Animation window o |[=]=] Tpaduku o |[3]=]
@laq[[eragle o@w ENND 2| e [ i \
- - = el
[ rpagiku [o][E] = ‘[ |‘pa¢mm - o [@]=]
T | || variables ‘
Variables T 'W.S e o i "
[¥] llsensoro_[Glo... Sensord)_[Global SCI[Angle][v J[Aviaf), RPM C I Senso0 1 Q2 .. - ‘Q'i ¢
: : ; ; ime,second
,‘V\" \f\ : Time, second H N s 1 M )
0 10 20 !m, " :
| '
; i
Eois)| |
N A §
( A /i f
ey B4l B
/ |r ! | Dface b &
\“ f/[ @ | ‘|e?a\ [ %sno f
I Drillstring position in well Nt : \ | ‘\ ) STER |
=@ &[5 = - 0 AR | |
Side section Y | - N RPM
o 10 2

Replay simulation process info

1 1
* TF, deg: 153.363 in: 14,1632658663177 +

| = @ @ ‘ |M0de|time(s):3.27 CPU time (s): (none) simutation replay: || 16% ||

B >N m|n

Current position on the record is output on the progress bar; ‘Simula-
tion replay’ label marks the GUI mode.
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Note: Scenario replay functionality is available for the calculated sce-
narios only. Output step cannot be changed in the replay mode.
The simulation controls are blocked in the replay mode; one
needs to stop the player to clear the scenario results or restart the
scenario.

Assembly motion record will be output on 2D plots, side section view
window and animation window. One can add any new variables/plots to
control additional parameters by standard Simulation Desk GUI tools.

Step 6.26. Click the Pause replay BT putton left to pause the process.
The outputs are not cleared in the pause mode; one can turn on the

outputs arbitrary and continue the process or interrupt it.

Step 6.27. Click the Stop replay ® putton left to interrupt the player.
The outputs will be cleared, the assembly position will be re-
stored to the initial.

Note: The process is paused automatically after reach of the end of the
record. One needs to Stop replay to interrupt the process finally.

K |

S
Alum
| = |
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2.55.

'bls”
(Al
Multi-scenario run

DSA GUI enables two variants of Time Domain Analysis processing:
Simulation Desk and multi-scenario solver. In this section the step-by-
step description of the multi-scenario processing is considered.

Step 6.28. Select the Analysis setup page on the right panel, and du-
plicate the Training scenario by popup menu or head menu
command.

D.S .7'.‘5
[ Alum

Project structure
=3 Project [Training project]
= Drilling information

[ m= BHACases
2 BHA1
= BHA2
=% Drillstring [Sample DS]
=} Static analysis
£ TrainingScenario
=} Time domain analysis

Analysis setup
Scenario Caption

Desk | Results |

Projectinfo  Drilling information  StaticAnalysis ~ Time domain analysis = Projectreport o
4P Add scenario ] o - =
B O¥® 5 & =] £ @ & =)
= Delete scenario
= Validate Generate Run Clear Validate all Generate Clear Generate report
[ o [l s i e vt | ot aivoie o reake | o
1 enarios Scenario [Training scenario] All scenarios. Report

| Training scenario

900 &=

dp  Add scenario

= Delete scenario

) Project repor

Duplicate scenario

&

Validate scenario
Generate model

Run analysis

Clear results

D @V %E

Generate report

Results output settings

Run scenario in Simulation Desk

-

~

[ Position | EventLog

A2 Well Trajectory [Well Trajectory] 5]
ZE Wellbore construction [Wellbore] EventLog Running Scenarios

]

|No errors or warnings found.

Step 6.29. Select and rename the new scenario;

Run analysis

Done: 111

Interrupt analysis rocesses: 4 24] 4processors Avaiable

2

set scenario Caption
equal to Training Scenario 2. Change WOB to 20 kip.

- ] P
; Project = 2 S
Alum

o Project info Drilling information StaticAnalysis Time domain analysis Project report (7]
<P Add scenario g - =
5 E ¥ 5 B =] & CRNT &2
= Delete scenario |
% || validate Generate Run  Clear | Validateal Generate Run  Clear || Generate report
‘4 Duplicate scenario || scenario model  analysis results || scenarios allmodels analysis results for analysis
Scenarios Scenario [Training scenario 2] All scenarios Report
Project structure @ Analysis setup Deskl
= Proje-ct'[Tr?lning pr.oject] Scenario Caption z Position lEvent Logl
&[T Drilling information Caption:  Training scenario 2 T'—|
#2 Well Trajectory [Well Trajectory] e Iots | 3D view DS position in well
ZE Wellbore construction [Wellbore] ‘
Wellpath e Q'
o B orkosses = o [l[fe] =t = = | |
2 BHA1 [wel Trajectory -]
= BHA2 Wellbore e B ] T
% Drillstring [Sample DS] (welbore - 7 Higzcntal Deplacament It
=} Static analysis " - = = 0 2000 4000
% TrainingScenario B Postlon e 3500] H H
=] ime domain analysis 9}
“ Training scenario Driling Informati i
£ Training scenario 2 Bottom Hole Assembly | ||| Fpoof oo =
B o
5 Projectreport [BHA 1 v] @ i
S S
Drillstring Case J ﬁ
[sample Ds B 2
Fluid 000 N AN RS R SRR
Driling Fluid -] [3)
Parameters
Assembly
@ By source ©uUptosurface &) [ |__ [ & 1
Parameter
4 Operational settings o
Weight On Bit, kip Inner Diameter, in
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Step 6.30. Select Event Log page, and click on Run Analysis button to
start the evaluation of the described scenario.

Individual progress bar will be added to the right Running
Scenarios panel; “--- Calculations Started ---¢ record will
be added to the Event Log; scenario inputs will be blocked
automatically.

_Dis
[ Alum Sp T 2 7 : : »
Projectinfo  Drilling information  StaticAnalysis | Time domain analysis | Project report

Porsdowae | 'y 5 W 2 & € BR| B

= Delete scenario

& i y Validate Generate Run Clear Validate all Generate  Run Clear Generate report
4 Duplicate scenario || scenario  model  analysis results scenarios all models analysis results for analysis
Scenarios Scenario [Training scenario 2] I All scenarios Report
Project structure Analysis setup i| S
=] Project [Training project] e I [m‘ EventLog
=[] Drilling information Welpath : -
A2 Well Trajectory [Well Trajectory] Well Trajectory v | | @
n Wellbore construction [Wellbore] Wellbore " Event Log WS
= ] Wi 4 | - _— :
= s BHgﬁiies Welbore Scenario: Training scenario 2: 29%
=] No errors or warnings found. I
= BHA2 Bit Position, ft 000 = —— I
% Drillstring [Sample DS] . A
o Static analysis ] ! —-Calculations Started ---
& TrainingScenario Driling Information -
= (@) Time domain analysis Bottom Hole Assembly .
£ Training scenario BHA 1 - | &) Individual

- & Training scenario 2 Drilstring Case progress bar of the
& Projectreport sample DS = processing scenario

Fluid T

Driling Fluid v @ | |

Parameters

Assembly

@ By source Up to surface Run eva|uatI0n

ameter Value

Operational settings - ¢

\biainbt Ae ni L [3
.. Run analysis fProcesses: 4 z} 4Processors Available
Scenario inputs —
are blocked

Note: Input data validation, and project saving is carried out automati-
cally before process is running.

Note: One can use Run all scenarios button from the Project tree popup
menu or head menu to start the evaluation; the Run scenario but-
ton enables run of the selected scenario only.

= (2 Time domain analysis
£ Training Scenario

" { Training Scenario 2

Add scenario
Delete scenario

Duplicate scenario

Validate scenario
Generate model
Run analysis

Run scenario in Simulation Desk

4 m

Clear results

QYR o

Generate report 4
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Scenario progress bar displays the current progress of the evaluation
procedure. The progress is closed after completion of the scenario calcu-
lation; the scenario analysis details are added to the Event Log.

“\_
i\ Alum

Project info Drilling information Static Analysis Time domain analysis Project report (7)
e BO¥ O3 B =] S @ & B
= Delete scenario

P Clear Generate report

‘4 Duplicate scenario || scenario  mo results || sis results || for analysis
Scenarios J Scenario [Tr | | Report ‘
Project structure ‘ Analysis setup | Simulation Desk [ Results |
= Project [Training project] xvenLemm R === ]
& Position | EventLog
=[] Drilling information Wellpath
A2 Well Trajectory [Well Trajectory] Well Trajectory E] B}
Z'E Wellbore construction [Wellbore] Wellbore Event Log Running Scenaric
— ] W e
[ pem BHACases Wellbore Scenario completed successfully! -
£ BHA1 i — Evaluation Time: 00:02:51
= BHA2 900 =]
% Drillstring [Sample DS] =
=] Static analysi:
b Driling Information 20.08.2018 - 20:02:45
{4 TrainingScenario Bottom Hole Assembly Calculations finished
=] Time domain analysis - Evaluation time: 00:02:51 T
2 Training scenario BHA 1 @
- =] Training scenario 2 Drillstring Case 3| _c - ¢
E) Projectreport Sample DS g -
Fluid | E
Driling Fluid @
Parameters
Assembly
@) By source Up to surface e
Run analysis ro Interrup4 E 4Processors Available
ameter Value = a1
i one:

‘Time Domain Analysis Calculations Completed Successfully’
message will be generated after the completion of all running scenarios
(single scenario in our case). Normally, calculation of the scenario
should take about 60 seconds.

Step 6.31. Click Ok to close the message.

Results for the scenario has been calculated and stored in the scenario
folder on hard drive; calculated scenarios are marked by icon in the Pro-
ject tree.

Step 6.32. Select the Training Scenario node in the Project tree, and
open pop up menu. The Clear results option is available
now; one needs to clear the results to modify description of
the scenario. Close the pop up.

=] Static analysis

Y Traiing sconapres
ds

Time domain anal

180 allle mny

Add scenario
= Delete scenario

4}“4}_, Duplicate scenaric

Validate scenario
Generate model

Run analysis

Clear results

51 5

Generate report 4
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2.5.6. Results output

DSA GUI provides the various tools for 2D graphical output of the

calculated time histories of kinematical characteristics, forces and stress-
es in the assembly parts:

Initial state: set of 2D plots of the various result items on the sin-
gle page for the initial equilibrium state of the model.

e Variables: 2D plots of variables vs. model time.

e Plots: 2D plots of output distribution along the assembly.

Initial State | variables | Plots |

[ Brief Resulls’l

EEEgd e g @am-| N 1
| Outputs Distance from bit, m
¥| PosX, mm - Horizontal BHA displacements
VI PosY, mm - Vertical BHA displacements
Clearance, mm - BHA-wellbore clearance
Contact Force, kN - BHA-wellbore contact forces
2l QZ. kN - Axial force
MBend, kN*m - Bending moment
| SigmaBend, MPa - Bending stress
1 von Mises Stress, MPa - Equivalent von Mises stress
BHADogLeg, deg - BHADogLeg severity

o — 0 0 m |
Initial StateJ Variables | Plots ‘
B BE 2w

Outputs

4 [@ 8 Drilstring RPM
[¥] vt Bit RPM
[@] It Top RPM i
[7] [vt Desired rotation speed [ 4 "
[T] [vt Control torque o ; 8‘ 1‘2 1‘5 Z:J
4 [@ 8 Force on Bit
¥ vt wos i
0 bt To8 Top RPM,RP:M
[E Mt poc = :
4 [0 8 cpU effidency
[ [vt TRatio

| : i
[7] [vt NC(AStep) Analysis setupl i ion Desk| Results [
[ Mt ne

T

LA’ e |

| Initial State | Variables | Plots ‘
[7] [vt Th(AStep)

BE HFg| @@ m-
B et Thesten) H EE| 2| » Fg @ &m-| N1
= Outputs

m Mt h

Distance from bit, m
] Mt Teq 4 [ DS position

oo ] |
71 [vt TAlForces @l it Posx (8) ‘

— L e AN A
[F] [vt TKinematics [ Isd Posy (B) | T o 2 4 -

[ b Displacement (B) ‘

T [¥] I Clearance (B)

[F] b Contact Force (B)
[ ¥ Angle Z (B)

4 [@ |3 DS deformed state
¥ b mx (8)
[ bt My (8)

[ b Mz (B)

[0 b ox(8)
Output format

[V] Currentvalue

Functionals

[W[Ef Freq 0 |~ ]
[71 Eff_Freq_Mean [
1 Integral_Eff_Freq i Player

[ Integral_Eff_Freq_25 Time, sec D <> mn [

Step 6.33. Select the calculated scenario node (Training scenario 2) in

the Project tree to make the Results page on the right page
control visible, and go to the page.
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2.5.6.1. Initial State
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Step 6.34. Select Results | Initial State page to display the set of 2D
plots of the various result items for the initial state the time
domain simulation was started.

One can select an output from the check box list — the corre-
sponded dependency of the selected output vs. distance from
bit will be displayed on the 2D plot on the right panel.

Initial State | Variables | Plots

Brief Results

EET 2E

Qutputs

J| PosX, mm - Horizontal BHA displacements

| PosY, mm - Vertical BHA displacements
Clearance, mm - BHA-wellbore clearance

| Contact Force, kM - BHA-wellbore contact forces

0 fl - o Qrce

SigmaBend, MPa - Bending stress
von Mises Stress, MPa - Equivalent van Mises st
BHADoglLeg, deg - BHADogLeg severity

Check the output(s) \
to add the 2D plot

u MBend, kKN*m - Bending moment

<

EENCECEAIRS

Distance from bit, ft

Contgct Force, kii:

i ft
4] 200 400 500 800
MBEng, kip*ft E E E E
Z . i Lt
4] 200 400 500 800
a4 I
386.3 ft 0.0091 Contact Force, kip Part: 6 5/8" HWDP #3

Step 6.35. Click on button to switch between brief and full list of

outputs.

Full list of

Brief list of
outputs

=ald] 2 =

Outputs

Brief Results

outputs

VI QZ, kN - Axial force

PosX, mm - Horizontal BHA displacements

V! PosY, mm - Vertical BHA displacements
Clearance, mm - BHA-wellbore clearance

V| Contact Force, kN - BHA-wellbore contact forces

EllMBend. kN*m -Bending moment |
SigmaBend, MPa - Bending stress
von Mises Stress, MPa - Equivalentvon Mises stress
BHADogLeg, deg - BHADogLeg severity

il 2 m

Qutputs

J1 PosX, mm - Horizontal BHA displacements

¥l PosY, mm - Vertical BHA displacements
Displacement, mm - Lateral BHA displacement
Clearance, mm - BHA-wellbore clearance

7
M, kN*m - Bending moment in vertical plane
MY, kN*m - Bending moment in horizontal plane
MZ, kN*m - Torsional moment
CX, kM - Horizontal joint force
QY, kN - Vertical joint force
QZ, kM - Axial force
SigmaMx, MPa - Normal stress generated by MX
SigmaMY, MPa - Normal stress generated by MY
TauMZ, MPa - Shear stress generated by MZ
Taulix, MPa - Shear stress generated by QX
TaulY, MPa - Shear stress generated by QY
SigmaQZ, MPa - Axial stress generated by Q2

/| MBend, kN*m - Bending moment
Q, kM - Joint force
SigmaBend, MPa - Bending stress
Sigma, MPa - Mormal stress (bending + axial)

¥l von Mises Stress, MPa - Equivalent von Mises stress
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2.5.6.2. Variables

Step 6.36. Change color of scenario plots:

L [ DIL R

=S el
e Drillstring [Sample DS] ot | B e A
7 static analysis B /Il Purple
4 TrainingScenario " - . Green
) Time domain analysis “ g FEon W o
b e
[~ [Training scenzgaes .
i Project report Add scenario . MNavy
Delete scenario . Maroon
Duplicate scenario . Teal
Validate scenario . Gray
Generate model 0]
Run analysis . Red
Run scenario in Simulation Desk . Lie
Yellow
ll_".}k Clear results . Blue
= 3 .
=] Generate report . Fuchsia
Results output settings Aqua
Il [] vt TacobiMatr

Step 6.37. Select Results | Variables page to study the time domain de-
pendencies of scalar variables: RPM controls, Force on bit.

Step 6.38. Select several outputs in the list to show results of scenario
simulation. The list of calculated scalar variables is displayed
on the left panel; one can select any of the variables to dis-
play them on separate plots on the right panel.

ariables ,m‘
&) s=ez| 2| EFg| & a@m-| N 1
Outputs Time, sec
4 £ Drillstring RPM
71 vt Bit RPM : ; i i i
[ [t Top RPM /—__’ i ; i ; .
[vt Desired rotation speed L H H H ;
[C1 [\t Control torque
a ] Force on Bit
[t wWoB
vt ToB
It DOC
a ] CPU efficiency
[C1 [t TRatio
[E1 [vt NC(AStep)
[ [t NC
Il v Thiasts  Select variables to

[C1 [\t Th{Step . B
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[ It TEqQ separate plot on
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2.5.6.3. Plots

Step 6.39. Select Results | Plots page to study the distributions of dis-
placements, internal forces and stresses, etc. along the assem-
bly in the time domain.

The list of calculated distributions (2D plot) is displayed on the left
panel; one can select any of the variables to display them on separate
plots on the right panel.

| Initial State | Variables | Plots
EE| 2|3 EEIEEY RS

Outputs PaccTosHueoTr fivna *

4 W 5 DS position e , 4 Plots of the selected

] it Posx (8) Pos (), " § /\_,_f outputs distribution along the
;fl E’; E?:L(B) i .| assembly for the selected
= PaceaEnt 1) : simulation moment.

[7] b Clearance (B)

[] b Contact Force (B) Se—— A& I
[] I Angle Z (B)

|35 DS deformed state

) NN WAWA
[ sd my (B)

AT A
Select variables to
be displayed in the

separate plot on the e Mx(B),kJ/’:ft'\‘; A /1\/\\ /‘\ /—\ -

v

m
o
<
R 5~ 8
=3

=)

S
(]

right panel -

U uputoniniat

=
<
<
<
Y
5

[¥] Currentvalue

Functionals 5 -
[ Eff_Freq_0 ~(1f3114¢" -5.52 Mx (B), kip*ft

Eff_Freq_Mean (| e
[l Integral_Eff_Freq — ||| Player -

integral 1 Freq 25 | tresec 0@ <« omw O

Step 6.40. Select PosX, PosY and Mx outputs in the list to display dis-
tributions of lateral displacements in wellbore reference
frame, and bending moment along the assembly.

Step 6.41. Click on Run player button to animate the output variation
histories fixed during simulation.

Step 6.42. Click on Stop player to interrupt the animation.
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2.5.6.4. Functionals

Step 6.43. Look at the Functionals and choose ‘Min’. On plots will ap-
pear min values of output for simulation time.

= EEEIEAE Eg aam-| 1

0u1puts | Paccrosuue ot Gypa, '

@ PosX (B), "
"] s Displacement (B,

/7 Il Clearance (B) [ I\

[7] I Contact Force (B) 5

[ ld Angle Z (B) \/ \
4 [] [ DS deformed state ’ : : :

[ b mx (8) : : ! :

; o

[ b My (B) | e R L
[T b Mz (B)
O 4 ox(8)

[ It Qv (B) * Posy @), "
[ 4 oz (8) : : : :
[] bl SigmaMXx (B) : : : i
[7] b Sigmamy (B) /\ f\ f i
7] bt Taumz (B) ; L . L
[T b TauQx () w 40:0 :0 8?0
] bd TauQY (8) M| : 3 ;
Output format ‘ i s

7l Currentyalue P T PP T

Functionals s

o

o

[ Mean

7] Mean_plus_Std_Dev3
v T | | Plver

B MinAbs. =] | Time, sec 2@ «»[i]=» U

>
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2.5.7. Excitations

DSA TDA Analysis GUI enables description of various forced excita-
tions for the assembly model (available in Advanced User mode):

e Inertial, force, or torque excitations.

e Harmonic excitations or excitation records from text (*.csv) file.

Use the tool which allows you to specify a harmonic or force excitations
to any part of BHA.

Step 6.44. Duplicate ‘Training scenario’ and rename it to ‘Training
scenario 3’

Step 6.45. Enable Harmonic excitations and disable Bit-rock interac-
tion force.

Step 6.46. Change Result step to 10 ms.

Step 6.47. Open tab Advanced settings -> Harmonic Excitations
(available in Advanced User mode).

Step 6.48. Choose 12 ¥ Pdc-bit (the first detail) and click button .
New excitation parameters will be displayed on the
right panel.

= Training scenario 3

=) Brojact 2 4 Simulation settings
=] Projectrepo

Simulation time, sec 20
Cutt-off-time, sec i 10~

< I g )

|V} Harmonic excitations

|| Bit-rock interaction force

m

Outputs
[¥] Initial state equilbrium results -
[¥] RPM control
[¥] Forces on bit
7
7
7
1V

m

G-Forces
[¥] 2D - Drillstring position
2D - Deformed state

20 D L i

. - , || Resuttstep, ms 10 B[

VD S‘

Alum
[ |
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Step 6.49. Set the following parameters for the excitation:

123

e Excitation type: Force

e Component: Z (along the axis of the bore hole).

e Amplitude: 100 kip

‘ Model settings | Bit-rock interaction | Top Drive | Forced excitations ‘\

'bls”
Getting Started \Alum

alations.

N [¥] Enabled Name:  Excitation
> B > T
[ tv‘ sl ‘ i E ‘ = ‘ = Application point
— RN =
N 7 Dnll152m1r;§_ PDC Bt - Part: 12 1147 POC Bit ] Distance frombit: 0
al Pipe: [snan 'l Local position (from lower end):
= Cpuﬁlng st{udure 3 i [Cumngstructure v]
a5 Excitation
@ Body —| |J Excitation type
-3 @ Force © Torque © Inertial
£ & 12 1/4 Stabilizator Parametere
B
i 31?0110m Component |Z v | fex 0 ey: 0 ?_I ez
& Blade Function type
& Top @ Harmonic @ Time history
£ & Collar I . .
5 e Shat Ampltude, kip 100 @)
&1 Phase, deg 0@
= ig MER log) Frequency scale: 1 El
= =@ Shaft _j
2205 &
&1 s Gzl
- @ 12 3/16” Stabilizator Time function plot
-3 Shaft
& Bottom 100 ;
& Blade Force ampli ,l?p
& Top
& & MWD tool :
- =8 Shaft :
&1 :
' 1/DSRPM
£ @ Crossover : - : /
©- e Shatt a 0;2 04 08
@1 '
=& 12 1/4 Roller Reamer
£l e@ Shaft
a4 bed

)

Step 6.50.
tations.

Run calculation for last two scenarios.

=8| Time domain analysis S

£ Training scenario
2 Training scenario 2

=

' Training scenario 3 |
£ Training scenario 4

==1

2] Projectreport

Add scenario

Il _|_a_Nnaratinng| se

Validate all scenarios
Generate all models

Run analysis

<
e
S
F
=

Clear results

Generate report for analysis

H [T Bit-rock interactior

Duplicate Training scenario 3 and disabled Harmonic exci-
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Step 6.51.

Step 6.52.

11 LANG INTOrMaton

7 Well Trajectory [Well Trajectory)
ZE Wellbore construction [Wellbore]

= BHACases
% BHA1
£ BHA2
% Drillstring [Sample DS}
© static analysis

Time domain analysis
[ Training scenaria

124 Getting Started
2.5.8. Comparison mode

After calculation go to tab Results -> Variables. Enable

comparison mode ’ :
When comparing two last scenarios we can see influence of
axial excitations to WOB and Axial G-forces.

Project struch @\Aﬂ\y thSmuH nDesk| Results |
roject i Haiiapstals | Varables [Pl
7 rill i
: e I ll\z\zﬂ @z eaam- |~
% Wellbore construction [Wellbore] Outp! Time, sec
- BHA Cas D _‘] RPM control
£ BHA1 [T [t Bit RPM
= BHA2 WOB, kip
e pesd FAcN =AY JAN N
K- 37 S T T AW
02 04 06 0.3 12 14
3 G-Forces Top Axial G-Force, [
[0 [t Bit Axal G-Force /\ m
11 Top s o5 s A_nr N A
[0 [t Bt Latersl 6-Force U 7 \VJ LRV AT ARV \J W Ey\f L U
4 [ cru efficien i
1 LB sffiency 11116t “1403 Top Axial G-Force, G

Copy the first scenario (Training scenario). Go to bit-rock
interaction tab. Change to zero next stochastic parameters :

4 Stohastic components
Stohastic lateral force RMS, |bf
Stohastic TOB RMS, bf*ft
Stohastic vertical irreqularities RMS, "
Stohastic frequency scale
Stohastic axial force scale, %%

L T o BN o Y o R s

Run scenario and look at the Results -> VVariables after cal-
culation.

To compare several outputs for Training Scenario (with ir-
regularities) and current scenario (without).
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