DPLIFE — Drill-String Fatigue Life Model

Failures of tubulars from fatigue are very costly in terms of lost
rig time, lost tubular goods, and even lost wells. DPLIFE helps
predict and prevent drill-string failure and costs associated with
it. The program predicts dogleg limits, maximum drill-string
bending stresses, cumulative fatigue damage, and total time
and rotation of drill-string tubulars.

Two mechanical models are included: (1) fatigue and

(2) crack-growth models. The crack-growth model is based on
correlations of drill-string tubulars by Exxon, and predicts
Inspection intervals to prevent fatigue failure.

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

view details in the graphics, zoom in or print the document. 1 0f 16
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@ Tubulars @ welbare @ Operation
Project Description
Wl \Hazelrut H24-235
Fraoject: |F'hase [ Expanzion
Company: Ben & Jermy Drilling [hc. U
l U
Field: Perivinkle Shale -
Locatior: |Section 2354, Yiasta Verde County m
D ate: Wuly 2005
Cornments: |'W'e nieed to ronitor drill pipe wear carefully in these well:
CAMEINDPLIFE YHazelnut-34.DF3 Unitz: Cuztom 742842005 | 1:58 PM
DPLIFE is a user-friendly engineering model with powerful features.
The first input screen (the Project page) stores project documentation.
Slide
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Bl Data File - C:\MENDPLIFE\Hazelnut-34.DP3

@ Project T @ Survey @ Tubulars @ welbare T @ Operation

O & B & Survey File: |
Dogleg
kD Tyl [ Dogleg
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3411dd

E000

I'_EIECI"-\-JU'.II'_'I'I-I"-‘-I'_-\.'I|M—'-

= =

=000

—_— =L

-

Insert || Delete | | Calculate || Print Graph Dogleg {deg/100ft)
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C:AMEINDPLIFESH azelnut-34.DF3 Units: Custom Fi2ad2005 159 PM

The Survey page is for entering the wellbore survey that describes the

well trajectory. Data may be entered manually, imported, exported, or
copied from a spreadsheet. Don’t have a survey? Create one quickly Slide
with the handy 2D Planner utility. 3 of 16




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.
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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 4549 0.00 # Torted
2 100.00 0.0% 45,08 0.41 2000y
3 200.00 019 4519 011 = 40004
4 a00.00 0.51 22449 070 0l
5 400.00 0.4a 224 52 0.03 = BOOO
B 500.00 066 45 66 1.13
7 £00.00 117 22383 1.83 8000 » arighal
a 700.00 063 4563 1.79 1oo00d
q 200,00 075 45,75 013 W
10 300,00 050 4550 0.25 ~ Dogleg {deg/100ft)
O
Mumber of Zonesz [1 to 5] : | ] E
Buottom MD Amplitude Inzert Stations  Interval Length —
11
2] Zone 1 | 1000 | 1.2 v inzert zone 1 | 100 m
~ Sinusnid Zone 2. | 2000 | 0.5 v insert zone 2 100
Zone 3 | 4200 | 0.3 v inzert zone 3 100
f+ Random Zone 4: | a0on | 1.5 v inzert zone 4 | 100
Zone & | 10000.0 | 1 | inzert zone 5 |
‘ 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. 5 of 16
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File Edit Miew Utilities ‘Window  Help
D@ || &
(-] Froject T -] Survey T @ Tubulars T @ Wellbaore T -] O peration
Dirill String [starting from bottom])
D - Length ] W' eight Young's Tield T ool Jaint
EECIRaN i) fin] (Ib/f) | Maodulus [psi] | Stress [pi) 00 (in)
OC B0, 275 83 30000000, 7R000. .
DF [new] 2400, 4,276 195 30000000, 75000, £.375
Huw/ DI 1500, 3 493 30000000, 75000, 5.5
DF [new] 3500, 4.276 195 30000000, 75000, . B35 - )
|nzert || Delete Tatal Length: | 7900, [ft] | [ atabaze E
T
Dirill String Life History [starting from bottom) Pipe Type m
Curnulative . Freviouzsly zed |ritialize Lif
Lengthjifj | 2ot Length [ Life %] e [Grade 6 =]
30, 30, 0.20 Update Life
=i 30, o0 |
3 3 02 | ————
120, an, 020 - || Frintlife
C:\MEISDPLIFE\Hazelnut-34.DP3 Units: Custam 7/28/2005 | 1:59 PM
On the Tubulars page, drillstring components are specified in detail. For
each joint, enter the fatigue life previously consumed by field operations.
Predicted life is added after calculations are complete. Slide
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Drill Pipe S-N Curve

File Edit Help
= ds 2
5-N Curve S-N Curve Data
Pipe Type: I:'r.' de E -
S-N Curve (Grade E) -
20 | Mew Type | ‘ Remowve ‘
7 \ [Bending cycles in azcending order)
. BD N
o5 N [cpcles] Sl =
&S N\ )
= ~ 1 1000 75000, O
= |_
== 2| 10000 53000, —_—
= 20 — 3 100000 33000, 1
& 4 1000000 21000, rm
0 4] 10000000 19500.
3 4 a f ¥ g G 100000000 18000,
Bending Cycle M {10 ycles) ; -
| Hedraw | | Inzert | | Delete |

Maximum fatigue life is specified via S-N curves, which are provided
for various materials and grades. Existing fatigue data may be edited

and/or new curves for other materials added as required. Slide
7 of 16
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Bl Data File - C:\MENDPLIFF\Hazelnut-34.DP3

@ Project T @ Survey @ Tubulars T i@ wWellbore T @ Operation

Wellbore [starting from surface]

Battam MD
[Ft]
Cazed G000 0.2
Open 300, ) 0.3

D ezcription Friction Factor

-

Ihzert || Delete | Databaze H Friction Factar E stimation

Lazt Cazing Shoe MD: | BOOO.  [ft)

C:AMEINDPLIFESH azelnut-34.DF3 Units: Custom Fi2ad2005 159 PM

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.

3411dd
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1 DPLife M=E3

[ﬂ Tubular Database

Pipe Clags:

\DP Mew

&l

Fipe OO [in]:

5.5

Size

[in]

Marminal

Fipe 1D
[ir]

Maminal
YWieight
[lB.Ft]

Aduzsted
Wieight
(Ib"Ft)

rade

4778 21.9
4. E7 24.7
4778 2.9
4.B7 24.7
4778 21.9
4 E7 247
4778 21.9
4. E7 24.7

23.8 E-75
263 E-75
24.4 =-95
27.8 »-35
2583 G105
27.8 G-105
26.4 5135
28.9 5-135

1
2
3
4
5
G
7
g

3411dd

C:AMEISDPLIFE 30 | Uniks: Custam

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
9 of 16
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Bl Data File - C:\MENDPLIFE\Hazelnut-34.DP3

@ Project T @ Survey T @ Tubulars @ welbaore T @ Operation

Drill String Motion [starting from surface]

Bottom kD ROP Hatany 5peed Wwieight an Bit
(Ft] [ftéh) [rprn) [IbE]
G000, . . 1]
7300, . . 2R000

3411dd

|n=ert | | Delete ‘

Drilling Fluid

Fudweighe | 12 (opa) Fluid Carrosivite  [0.75 |

C:AMEINDPLIFESH azelnut-34.DF3 Units: Custom 8/2/2005 253 PM

The individual steps in the field operation are listed on the Operation
page. You specify the depth of the BHA; the computer keeps track of
where each section of the drill string is run. Slide
10 of 16




Drill String Life Model (DPLife)
File Edit Miew Utilities ‘Window  Help

D& @S| «| ] &:

Used Drill String Life (Cumulative) Used Drill String Life {Incremental)

J Current F Previous F Current
23

Llsed Drill
=tring Life
(%)
Llsed Cnll
=tring Life
(%)

- [B]X]
Cumulative Length Joint Length Frewviouzly =
] il e Wellbore Dogleg

0.
EL.
30.
120.

150. : 0
180, _ 2000 4000 6000 8000

M0 (1)

(deg/100f)

C:AMEINDPLIFESH azelnut-34.DF3 Units: Custom 8142005 | 257 PM

The main Output window shows previous and current fatigue life along
the string. Data are also provided in a table display.
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i Drill String Fatigue Sensitivity Analysis

Senzitivity Parameters g‘:f: LE;”&? d H?g?wnl?ﬁ d
" Fluid "eight [ppg] 12 2 1B
" Fluid Corrosiity 0.75 0. 1.
 Weight on Bit [Ibf] 25000 12500 S7500| | -»weight on Bit for: 6000.-7900. [ft] |
" ROP [it’h] 40, 20, S0 |-»ROP for: 60007900, [f) |
+ Raotary Speed [rpm) 40, Al 150, |--}F|F'M for: BOO0.-7300. [ft) j
™ Friction Factaor 0.3 0. 1. |-->~Hn:u|e Friction Factar for: GO00.-7300. [ft) j
O Adjusted Weight [l 19.5 98 29.3 |--}F'i|:ue.&diu3ted"u'v"eight for:0.-3500. [f] j
Graph Type
o Shee @ D Cfaoutz | Pint | close |
W aried tax Uzed | Previously . - : D
Parameter |  Life (%] | Used Life (%) Currently Used Life FPreviously Used Life U
50 21.09 | /180 /1000 /50 025 :
=il 25,29 0.20 G - 11
70, 29.48 n20[ = & = r
a0, I3ET 020 2. . = o
30. 37.86 p2of == 5@
100. 42.05 nz0f E.2 AL
110. 46,24 o20] £ 2 e
120. B0.43 nzo] <
130, 54,52 0.20 0 e e el
140, 58,81 0.20
150, B3.01 0.20 MD () MD (1)

The Sensitivity Analysis is an important output utility. It can be used
to test the impact of changes in any of several operational
parameters. This type of analysis can quickly demonstrate which Slide
parameter(s) must be optimized. 12 of 16



Single-Span Drill 5tring Fatigue Analysis

Eile
D= E| S
Fatigue Model Crack-Growth Model
(@ Diogleg Limit [Mo Fatigue] (" Rotation Limit [T otal Failure) () Inspection [nteryal
Drill Stning D ata
ao ] Wwheight | Tool Joint| — Joint Y'oung's Congumed Life Pine T | Databaze
[in] [in] (b#t) | 0D (in] | Length (ft] | Modulus [psi %] 'RE 1ype
25 2764 146 R 32 20000000 122 Grade E - | a-M Curve

Wellbore/Operation D ata
Hale 1D [in] | Dogleg [degA1006] | |nc. (deg) | Fluid “Weight [ppa] | Fluid Carrozivite | Botay Speed [rpm) | kax. Asial Load(|bf)

6.5 15 hd 11 1 a0 10000 U
T
Load on | Critical Dogleg | Contact Dogle ..
Sting (b)| (dea 1001 | [deg/1007) Dogleg Limits —
1 1000 18.76 7h.83 J Critical J Contact rm
| 2 2000 17.78 3568 =
3 3000 16.93 22.29 o ‘\
4 4000 15.91 15.60 = = \
] _O0o 15.01 11.58 -
g 5000 14,14 aan| | T | N
7 7000 1229 £.99 %:- 0 ] Graph -axis Scale:
B 2000 12.47 555 | 2 e | |
g 3000 11.67 4.43 e e L T B Tice
-I |:| -I DDDD -I DE"] 354 Comprezike ¢ -7 ke Loadon S (I

General engineering analyses can be performed with the Single-Span

utility. This considers dogleg and rotation limits for a single joint of drill
pipe. A wellbore survey is not required. The Crack-Growth model can also  siide
be used to predict crack-inspection intervals for a single joint of pipe. 13 of 16



[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] - [# -,
3 Fuel Yolume (gal] - 0# A=
10 Solid Valume [ft3] - | 0# —
11 Curnulative Production [MSTE) - Of m
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. 14 of 16



File Edit Bookmark ©Options Help

ack | Erint

Drill-5tring Crack-Growth Model
[ Contents |% lnde:-:l i Eearchl i
Thiz model, developed by Dale of Exxon, determines drill-pipe inspection

E[III Introduction intervalz bazed on crack-growth rates. The model does not calculste time to
% Background ctack intistion. Inzpection iz important to prevent pipe faiure.

EI Features Jointed Drill Pipe Bending
=] Guick Tour
El Removing the Program

Maximum bending stress normally occurs next to tool-joints for tensile losd
conditions or around the middle of pipe-length for compressive load

=] Theoretical Basis conditions. Wellbore curvature, axial load, pipe weight, and possible

El Glossary drill-pipe body contact to the wall are conzidered.

]% Input
+| @ Output

+- @ Other MTI Software

3411dd

Slick Pipe Bending
Raorndimm stracs ic tractard tha coma alamc tha coeoard voeallbora for licls mino 1

L ] ?

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
15 of 16



Thanks for your interest in DPLIFE

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

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

PETRIS

MAURER SOFTWARE is a mark of Maurer Technology Inc., used under license. 16 of 16



