DDRAG — Torque and Drag Model

IS a field-proven model that computes torque and drag on
drillstrings, casing and tubing. It can be used for planning
deviated and horizontal wells, as well as monitoring their
progress as they are drilled.

The program has been proven time and again as a
powerful and effective tool for predicting tight hole and
iInsufficient hole cleaning, and has reduced field costs and
saved time worldwide on a great variety of operations. It
can use either the soft- or stiff-string models, as well as
calculate wellbore friction factors.

DDRAG is among the most widely used software
applications in the petroleum industry.

NOTE: Computer screens within this PDF document may Slid
appear slightly distorted. This is due to limitations in the iae
Adobe Acrobat Viewer when displaying graphics. To clearly 1 of 23

view details in the graphics, zoom in or print the document.
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DDRAG can be highly useful in well planning to predict torque and
drag for pick up, slack off, drilling with and without rotation, as well as

for rotating off bottom. It can also be used to monitor well drilling by
determining cased and open-hole friction factors using real field data.

Slide
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=2 Drill String Torque and Drag Model

File  Edit  View Run  Options  Utlities  indow  Help

D)2 &) «|»] Hx

@ Survey i@ Tubularz i@ ‘welbaore i@ Operation

Project Description

el \Hazelnut H-34
Project: |H|:|rizn:|r'|tal Extenzion
Compat: |Giar'|t (il Cormpary
Field: |Qily Sand O
Location: |Elff$h|:|re Louiziana O
AJ
D ate: |5-3|:|teml:uer 2005 >
Comments: |Drag has been a problem in thiz figld... CI-)
Dperational Modes
" Pick Up with Ratation  [Dorill with B atation
" Pick Up wio Ratation " Dinill weo Batation
" Slack O with Ratation " Haotation off Battom
¢ Slack Off w/o Rotation
CAMEINDDRAG Svhazelnut.DDI Custarn 9/9/2005
DDRAG's first input page, Project, is used to document specific project
data and to select the current operational mode.
Slide
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=2 Drill String Torque and Drag Model

File  Edit

D= | &

Wi

Fun  Options

|| B

Ukilities

Wiindow  Help

Bl Data File - C:\MENDDRAG9\hazelnut.DD9

i@ Project

I

[ |E?'| H|%| Survey File: |

i@ Survey

T

i@ Tubularz

i@ ‘welbaore T i@ Operation

MD
[ft]

Inclination
(deg)

Azimuth
[deq]

VD
[Ft]

Dogleg

[deg/100f) | |

0.
500.
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3500,
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4500.
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5500.

45,
45,
45,
45,
45,
45,
45,
45,
45,
45,
45,
45,

0.
500.
1000.
1500.
1937,
2480,
2932
3341,
ak3h.
2981.
4132
4321,

0.00
0.00
0.00
0.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

Flan “iew

000 000 W0 W0 SN0
+E/-W ()

Inzert

Delete |

CAMENDDRAG S hazelnut.DD3

The Survey page can separately plot plan and section views of the
wellpath, as well as wellbore inclination and dogleg. Data may be copied

Calculate

Fririt

Section Wiew
200 [T Kx] (S S0

Wertical Section (M

[w “Warnif dogleg == a0

20 Planner

T ortLiosity

Dogleqg J Inclination M

Cuztam

3/9/2005 4:10 PM

ovyadd

from a spreadsheet or entered manually. Don’'t have a survey? Create one Slide
quickly with the handy 2D Planner utility.
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2D Well Planner Ed
2D Plan Target
 Buid/Build ¢ Buid/Drop ¢ EBuild/Hold v TWDAMS BN " TWD/Harizantal Distancelbzi
Start Paint T [ft): 2200 M5 [I): 2000 E.M [ft): | 150
L1 Planning
Inc Unknowns [Select 2] Walue
Inc] [deg) = 5
L1 [FOP] [ M
ER1 [deg.100f] o
Inc [deq] I GO
L2 [ft) _ BRI
BR 2 [deqgs1 00) Ll 10
I3 [deq] = 30
| L3 [f] _ R00
‘innﬂ Survey Interval
End Paint Straight Section [ft): IW Curve Section [ft]: IW
] Builld Bate | Section
kD [ft] Ihc [deg] | Az [deg) TWD [ft] M5 (ft) E M () (dea/100f) | Length (1) e
1 0.00 5.00 429 0.0 0.0 0.0 nda ha| |l
| 2 | 2939 5.00 429 2905 FET 5.8 0.00 2939
3 20127 EO.00 429 1798.2 ER4.4 491 492 1118.8
| 2BR2.7 G0.00 429 21232 124157 1.2 0.00 ERO.0 Accept
5 29627 90.00 429 2200.0 21938 164.5 10.00 300.0
3 62T 90.00 429 2200.0 2000.0 150.0 0.00 B00.0 Cancel

The 2D Planner allows you to quickly create simple or complicated well
surveys. Choose the basic well shape and enter starting values for the
primary geometric parameters. After creation, the new survey is
automatically exported back to the Survey page.

ovyadd

Slide
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Tortuosity

Survey Data Dogleg Sesverity
Tar. kD Inclination | Azimuth Dogleg S
Sta | (it (deg] (deg) | (deaii0OR) | | o 1 2 3 4 9
1 0.00 0.49 45.49 0.00 7 Tortsd
z 100.00 0.08 45.08 0.41 2000y
3 200.00 019 45.19 0.11 £ Loood
4 300.00 0.51 224.49 0.70 o
5 400.00 048 22452 0.03 = G000
5 500,00 0.65 45 BB 1.13
7 600.00 117 22383 183 a000, + ongnal
g 700.00 0.63 4553 1.79 1oL
q 800,00 0.75 4575 o1zl
10 900.00 050 4550 0.25| - Dogleg (deg/MM00ft)
Mumber of Zonesz [1 to 5] : | ] ;UU
Buottom MD Amplitude Inzert Stations  Interval Length >
MEEE: Zone 1: | 1000 | 12 ol e mmeil | 100 @
& St Zone 2. | 3000 | 0.5 v insert zone 2 100
Zone 3 | 4200 | n.a [v inzert zone 3 100
O Fsneloy Zore 4 | 8000 | 15 W insetzone 4 | 100
Zone 5 | 10000.0 | 1 [ insetzoneS | 100
‘ Calzulate | Undo | Erint | Help ‘ k. ‘ Cancel ‘

Another important utility is the Tortuosity window. Ideal well surveys need

to be “tortured” to add imperfections similar to those found in real wells. This
well has been divided into five separate segments, each with its own Slide
tortuosity. The original survey is in red; the tortured survey is in blue. 6 of 23



=2 Drill String Torque and Drag Model
File  Edit  View Run  Options  Utlities  indow  Help

D(d| & «|»| H|
Bl Data File - C:\MENDDRAG9\hazelnut.DD9

i@ Project T @ Survey T i@ Tubulars T i@ ‘welbaore i@ Operation

Drill String [starting from bottom)

Sechion Fipe Fipe Adjusted . Inzert
D escription Length a0 D W eight
[Ft] [ir) [ir] [IbAFt)
DCEMW 4-1/2 AP Reg 1500. E. 2.25 a3, .
HWwWDP BMwf NAA Mo Spec 1000. ) 3 493 65
DF Mew MW E-75 [EL ¥H 4500, A 4.276 209 £.275

Delete

[mipart. ..

N |_ Tubular Data

ovyadd

Total Length Fo0n. 0 Click for a description of Drill-String T able utilities.

Dezign Factors

Drezign Factor for Tensile Limit [>=1] | 1.0 Deszign Factor for Torgion Limit [>=1] | 1.0

CAMENDDRAG S hazelnut.DD3 Custom 3/9/2005 4:18 PM

On the Tubulars page, drilistring components are specified in detail.
Design factors may be assigned based on your company’s (or client’s)

standard practices. Slide
7 of 23




[ﬂ Tubular Database

Pipe Class:  |DPClass2 | FipeOD i |5+
Maorminal Fioe D M orninal Adusted .
Clazz Size P Wieight Wieight (arade Jpzet Thr
(] gl (Ib/t) (Ib/t) s
1 |DPCls 2 al 4 276 19.5 203 E-7& [ELJ #H
2 |DPCl: 2 T 4 206 269 E-75 [EL #H
3 |DPCls 2 al 4 206 281 E-7& [ELJ 5. 5FH
4 |DPCls 2 al 4 276 19.5 21.4 x-95 [ELJ #H
F |DFPCls 2 al 4 276 19.5 21.8 x-95 [ELJ HAa0
§ |DFPCls2 al 4 206 27.8 x-95 [ELJ #H )
7 |DFPCls 2 al 4 206 28.3 x-9h [ELJ 5. 5FH )
g |DPCls 2 al 4 276 19.5 21.9 G-105 [ELJ #H J
g |DPCls 2 al 4 276 19.5 21.8 G-105 [ELI H3n j>
10 |DP Cls 2 ) 4 206 28.3 G-105 [ELJ #H G)
11 |DP Cls 2 ) 4 206 28.9 G-105 [ELJ 5. 5FH
12 |DP Cls 2 A 4276 19.5 225 5135 [ELJ *H -
< | a8
Editar... | Print Apply | Cancel |
All Maurer Technology programs include an extensive database of
tubulars that may be edited/customized. This feature avoids the need
to look up the drillstring component's size, weight, ID, etc. each time. Slide
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=2 Drill String Torque and Drag Model
File  Edit  View Run  Options  Utlities  indow  Help

D(d| & «|»| H|
Bl Data File - C:\MENDDRAG9\hazelnut.DD9

i@ Project T @ Survey i@ Tubularz i@ Operation

Wellbore [starting from surface]

D escription Bottom of Section Inzide Diarneter Friction Factor Insert

[ft) [ir] (-]

Caging RO0a0. 10 0z
open hole 000, 3. 0.3 Impart...

D elete

Eriction E stimator

Tubular Data

ovyadd

Last Casing 5hoe MO | sooo,  [F)

CAMENDDRAG S hazelnut.DD3 Custom 3/9/2005

Wellbore geometry is entered on the Wellbore page, along with friction
factors for each hole section. Open the Friction Estimator or Tubular

Database for help with these parameters. Slide
9 of 23



"+ Drill String Torque and Drag Model

File Edit Wiew Run  Options  Utilities

Window

Help

Qilfield Experience

— Dperation
" Pick Up w/o Ratation - Hook Load

&+ Slack Off wo Rotation - Hook Load

" Roatation off Battam - Tarque

Calculated Eztimate

—Hole Structure
&+ Unifarm Wellbare

" Caszed & Open Hole

Bit Measured Depth [ft)
Hook Load [Ibf)

I 5000
I 270000

Traveling &zsembly 'Weight [IbF)
Inifarm Hale Friction Factar

Calculated Hook, Load [Ibf)

| 165000

| 0.23

I 270269

Calculate

CAMENDDRAG S hazelnut.DD3

The Friction Factor Estimate utility is used to develop an estimate of
friction factor based on hole conditions and measured hook load.

' Custorn | 9/9/2005

| 4:25 PM

ovyadd

Slide
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=2 Drill String Torque and Drag Model

File  Edit  View Run  Options  Utlities  indow  Help
D(d & [ Bl
B Data File - C:\MENDDRAG9\hazelnut.DD9

i@ Project @ Survey i@ Tubularz i@ ‘welbaore

BHA Speed

Tripping/Diling BHA Drag | 1000 (1bf) Tripping Speed 200 (ft/min]
Tripping/Driling BHA Torque | 800, [ftlb] Tripping RPH | 3 [ipm)
Drrlling 'weight on Bit | 10000 (Ibf) Driling ROP |10 itk
Dirilling Torque at Bit | 38000 [flb) Driling FPH | B0 ()

Other Depth of DOperation

Traveling Azsembly YWeight 165000  [Ibf] Start Paint kD | Q. [fe)
kud \Weight 14, [ppa] End Paint MD | Fo00,  [H]

ovyadd

CAMENDDRAG S hazelnut.DD3 Custom 3/9/2005 4:27 PM

Details related to the field operation are entered on the Operation
page. For drilling (shown), WOB and torque at bit specify end boundary
conditions, and ROP and RPM specify pipe velocity relative to the Slide
borehole wall or casing. 110f23



=2 Drill String Torque and Drag Model

File  Edit  Wiew Run  Options  Utlities  indow  Help

Hook Load - Drill with Rotation Axial Drag - Drill with Rotation

IEEIIIII 10000 200000 Ij-" Loacdon Sl Shedoklal Linft o Helkcal Lim it

i

Torgue - Drill with Eotation
fDLnad an String Targue Limit

jres] (]

ovyadd

Tomg e (L Torne (ML

Dyramic BHA Haiok. Surface Ihput MO af Interest [ O - 7000, T[#): -
Calculation Depth Load Torque
Fuaint (Ft] [Ibf] [ft-Ib] Bit Meazured | Inclination Bial

100, 1E052E 4700, Located Cepth Angle Crag

200, 167052 4300, o (1] (deg]
400, 180104 4300,

E:AMEMDDraghhazelnut. DD3 ' Custorn | 9/9/2005 | 237 PM

After all required input data are entered, you’re ready to view the output.
Principal results are displayed in six graph and table windows. Any of
these graphs can quickly be maximized for easy review. (These output Slide
windows are shown on the next few slides.) 12 of 23




=2 Drill String Torque and Drag Model - [Graph - Surface Torque - Drill with Rotation]

Fun  Options  Uklities  indow  Help

| Bl|%

Surface Torque - Drill with Rotation
000 10000 15000

ovyadd

Torgue (ft-1b)

CAMENDDRAG S hazelnut.DD3 Custom 3/9/2005 4:30 PM

A record of surface torque is shown here as drilling advances from
surface to TD. This is a “dynamic” case. All these results correspond to

the drilling model we selected (Drill with Rotation). Slide
13 of 23



=2 Drill String Torque and Drag Model - [Graph - Axial Drag - Drill with Rotation]
ﬁ File Wiews  Run Options  Uklities  window  Help

Dz & | Hlx

Axial Drag - Drill with Rotation

4 Load on String 4 Binusoidal Limit < Helical Limit

-2agooo -200000  -150000  -100000 -a0ooo 0 a0000
0

100000

T

Axial Drag (Ibf)

CAMENDDRAG S hazelnut.DD3 Custom 3/9/2005

The blue curve is a “snapshot” of axial loads along the string when the bit is
on bottom. Data to the right of the vertical line at O-Ib; drag represent tension

4:34 PM

ovyadd

and to the left compression. The other two curves represent buckling limits  Slide

for sinusoidal (red) and helical buckling (magenta).

14 of 23



=2 Drill String Torque and Drag Model - [Graph - Hook Load - Drill with Rotation]
ﬁ File Wiews  Run Options  Uklities  window  Help

Dz & | Hlx

Hook Load - Drill with Rotation

100000 150000 200000 250000 300000

\

0

\\q__‘\h

7|

Hook Load (Ibf)

CAMENDDRAG S hazelnut.DD3 Custom 3/9/2005

In a vertical well you would expect the hook load to increase almost
linearly with depth. In this example horizontal well, note how the hook
load begins to decrease as the bit passes through half of the curve at

about 4000 ft measured depth.

ovyadd

Slide
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=2 Drill String Torque and Drag Model - [Graph - Torque - Drill with Rotation] |Z||E|E|
Fun  Options  Uklities  indow  Help - & X

| Bl|%

Torque - Drill with Rotation

# Load on String  Torgue Limit
a000 10000 15000 20000 25000
O
O
AJ
>
P
Torgue (ft-1b)
CAMEMNDDRAGShazelnut.DDS Cuztorn 3/3/2005 4:36 P
This graph shows the level of torque for each point along the drillstring,
as the string is rotated with the bit on bottom.
Slide
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@ File E Wiew  Run  Opkions
D || & «| )] Bl&
| Input D of Interest [ O - 70000 ][] - Foon.0

Bit beazured | Inclination Axial Sinuzoidal Spring Crag Mormal
Located Depth Angle Crrag Buckling Buckl. Lirrit Farce
(=7 000.0 [Ft] [deq] [Ibf] [Ibf] [Ibf] [Ibf] (IbF #ft)
1 0.0 0. 0229 -FO06 - 91873 396000 0.
2 100.0 0. 28586 -FO06 - 91873 2396000 0.
3 200.0 0. 26942 -7006 - 91873 296000 0
4 300.0 0. 25299 -FO0R - 91873 396000 1}
) 400.0 0. 23656 -FO06 - 31873 2396000 0.
E 500.0 0. 22013 -f00E - 91873 296000 0
7 E00.0 0. 20369 -FO0R - 91873 396000 1} -]
8 F00.0 0. 18726 -FO06 - 91873 396000 0. -,
9 800.0 0. 17083 -FO06 - 31873 2396000 0. O
S00.0 0 15433 -7006 - 91873 296000 0 >
1000.0 1} 13796 -FO0R - 91873 396000 1} )
1100.0 0. 12153 -FO06 - 31873 2396000 0.
1200.0 0 10503 -f00E - 91873 296000 0
1300.0 1} DEER 7006 - 91873 396000 1}
1400.0 0. T223 -FO06 - 91873 396000 0.
1500.0 0. 5573 -FO06 - 31873 2396000 0.
1600.0 2 2965 -7006 - 91873 296000 1.41
1700.0 4. 2324 -FO0R - 91873 396000 0.05
1800.0 E. 711 -9042 31873 396000 118
1000 0 Lm] [ | 10007 0 O 2000000 W |
C:AMEINDDRAG S%hazelnut. DDS Cugtomn 9/9/2005 11:15 AM
All output data are also presented in tabular form for reviewing,
printing, and/or storing to disk for use in other applications.
Slide
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=2 Torque and Drag Sensitivity Analysis

e s Baze R ange Fange gz o) Ltz
aensitivity Parameters Data Lomis || MiohlEre ™ Pick Up with Fotation
: " Pick Up w/o Rotation
14, 5 16. P
* MudWeight [ppa) {~ Slack Off with Flotation
/0B and BHA Drag (Ibf 1 O] 0000 |1~ olack OFf wio Fiotation
" Bit and BHA Tarque [ft-Ib] 4300. 0. =000, & Diill with Fatation
 ROP [ft/h) 10, 0. 20| || ¢ Diil wa Rotation
" Drilling BPM [rpm] an. 0 150. " Raotation off Bottom
(" Friction Factor 0.3 0.0 101 | |-»Hale FF. far: 5000.-7000. (ft] -
" Adiusted \Weight [IbAFf) 20.9 10.4 1.3 |-->~F'i|:ne adj. wt. far: 0-4500. [ft) j
MD of Interest ] | ——— : Graph Type
Traveling Assem. . (Ibf) 165000 s et Bt | Llose | f+ Static € Dynamic
aried | Hook Load| Suif. T =
e || g | “ Drill With Rotation Drill With Rotation ;UU
D 245334 148823 o) B R s SR >
5000 241333 15016 K o o
10000 238392 151817 / J
15000 23139 153780 . il s
20000 226309 1mE028| S / BHE | ( BHA
25000 221388 156559 = 7 Drag | = “° Drag
30000 216386 161381 s (lbf) % (lbf)
IFO00 211384 164457 e
40000 206382 167823
45000 201380 17144 i
0000 196378 175331 Drag (lor) Torque (ft-k)

Sensitivity Analysis is an important output utility. This screen can be

used to test the sensitivity of hook load and torque to each important

parameter. This analysis can quickly demonstrate which parameter(s) Slide
must be most precisely measured and controlled in the field. 18 of 23



%2 Operating Margin

Operating Mode ] ] .
" Pick Up with Batation Dl'lll 1l.|"III"|.Jr|1.'r'I Rﬂtatlﬂn

Fick Up w/o Rotation A String A Limit

Slack Off with Rotation 0 000 10000 15000 20000 25000 30000
Skl (07 1ls [ eeliar 0
Dorill waith Botation

Cirill wea Ratation

O N R

2000 I

1 )

Ratation off Bottom

4000
Margin Checking Option /

{f« Tarzion 6000
r =~

I Sinuzoidal Buckling 2000
" Helical Buckling

WD) (ft)

Torgue (ft-1b)

ovyadd

Basic Boundary Data

Bit and BHA Torque [ft-b) 00 Marain Drag Torque

Results (1bf) [ft-Ib]
Torque Increment [ft-1b) 100 at Surface 71332 18881.7

Bit and BHA Weight [Ibf] 10000 at Bottom -10000 3000,

Jasl

‘weight Increment [|bf) | Calculate Erint Lloze

}ﬂ«t 0. [ft), tube sectiorn: 3 [DF Hew BMW E-7F5 IEW #H] exceeds the torgue lirit 13300, [ft-Ib).

The Operating Margin utility is another useful tool. This screen calculates
the exact range of acceptable operational parameters with respect to

tension, torsion, sinusoidal buckling, and helical buckling limits. Slide
19 of 23



B Sheave and Weight Indicator Calculation

L~ oy "
Sheave Efficiency Calculator Wwieight Indicator Reading [uztration

MHumber of Lines: 10 -

Dead line Sheave Friction: & Friction

" Frctionless

Wieight Indicator Beading: 3160 [lbf
* Actual Pick-up Load: 52000  [bf)
{° Actual Slack-off Load: I[]

ovyadd

Sheave Efficiency: 0979

The Sheave and Weight Indicator utility is provided for calculating
sheave efficiency based on weight-indicator readings and actual loads,
or calculating actual pick-up and slack-off loads based on weight- Slide
indicator readings and sheave efficiency. 20 of 23



- DDRAG Torque and Drag Model
File Edit Bookmark Options Help

Help Topics  Back Frint
) Contents | @, Index| ¢4 Seach| | Theoretical Basis — Buckling Modes

= [-El Background Drag and buckling predictions are very useful for planning
5] Introduction drilingcompletionfeorkover operations and avoiding problems in the field.
@ Mew Features The compressive loads required ta initiste sinusaidal and helical buckling
@ General Features modes are indicated on DDRAG s slack-off plots. The tubing vield limit iz alzo
@ Thearetical Basis ghawen. The significance of these stages of buckling iz described below:.

@ Skructure of the Program -
+ - @ Input Windows Bﬂfkff{’g MMES
=[] Cutput Windows - oy

[
i i Force| -
@ Main Coakput Window - L -

@ Dperating Margin Anakysis Wind E Sinusoidal
@ Sensitivity Bnalysis Window

@ Tool-Bar Icons
E] Menus O

ovyadd

+ MEI Software .
e Helical

Lock-Up

Sinusoidal Buckling

Az compressive force is incressed on & lencagth of tubing Iving along the
bhottom of an inclined hole, & point is reached where the tubing will assume g %

A comprehensive On-Line Help System is also provided. Tips on
program operation, program structure, and basic theoretical background

are immediately available at the click of a button. Slide
21 of 23



[tz M}'EUEtDI’I’I QK | EEIT'IEE-" | uﬂdD Al |
(aroup M arme Selection Format =
1 Dlimenzion Length [ft) - [ o
2 Diameter/ Thickness (ir] - [.##4d
3 Mozzle Size [1/32in] -
4 Choke Size [1/64in] - [
] Tranzportation Distance (rni] - O#
5 Area [Ft2] - [HHH
7 Crosz Sechon [In&) - [.#H
A Fluid *alume [alall] - [# 8
q Fuel Wolume [gal) - [Of >u)
10 Solid Valume [ft3] - | 0# >
11 Curnulative Production [MSTE) - Of )
12 Stroke Dizplacement [gal/ztk) - [.#H
13 G as Volume (PR 2 - Of
14 Speed Welocity [Ft/rrir) - [.#H
15 Trip Speed [ftArir) - -
Save Save Az Prirt English Metnc Other...

Units for input and output displays are easy to select and customize.

Choose between the default metric or English systems, or a custom
combination of units (for example, depth in meters, hole size in inches). Slide
Custom systems are saved and automatically recalled in future sessions. 22 of23



Thanks for your interest in DDRAG

For more information on Maurer Software by Petris,
email:
sales@petris.com

or visit us on the web at
WwWw.petris.com

PETRIS

MAURER SOFTWARE is a mark of Maurer Technology Inc., used under license. 23 of 23
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