CASINGCK — Casing Stress Check

IS a powerful engineering tool designed for running casing
verifications, i.e., to compare the resistance of a casing
column design to the physical stresses that the column
will experience.

CASINGCK analyzes constraints and stresses depending
on formation pressure profiles and shoe positions, and
verifies each casing string against user-specified minimum
design factors. Casing and tubing can be selected from an
extensive database.

Rules used to calculate stresses can be saved in a
customized profile, thus making it easier to meet your
company’s policies.

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

view details in the graphics, zoom in or print the document.
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Advanced Engineering Features:

v" Handles directional wells
v" Handles surface and sub-sea well heads
v" Avoids drill-string failures

v" Analyzes Kick Tolerance, Choke Margin and Differential Pressure
based on shoe positions

v Applies conservative criteria for stresses analysis as well as
customized criteria

v Analyzes stresses according to surface, intermediate & production
conditions

v Models burst & collapse including uni- and biaxial analysis

v Real gas law analysis for internal burst load modeling

v Analyzes axial load and bending effects in curved sections

v Accepts directional well plans and surveys

v" Calculates formation frac gradients according to defined lithotypes
v" Casing-shoe determination

v Helps select casing and tubular strings at lowest cost Slide
20of21
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File  Edit View  Uklities ‘Window  Help

D@ & »
Bl Input Data - C:\AMENCASINGCK\example1.ca1

i@ Project T @ Survey T i@ Formation T i@ Mud T i@ Shoes T i@ Tubulars

el Florence HD12
Project: \Phaze |1 Part 4
Compary: |I3iant il Campary

Field: |Latagascar

Loc:ation: Wimmie Pucket Courty
D' ate: |5 eptember 2005

Commetnts: |W’e nieed to reduce cazing costs in thiz field. ..

AIONISYO

o+ Onzhore {v REE Elevation [ft]: 20 above GL
" Dffshaore - whater Depth [ft):
Al depths are refemred to BEB elevation. Ground Level Elev. [ft): 0. above MSL

C:AMEINCASIMGCE examplel. cal Unitz: Cuztom 9/13/2005 1:50 Fhd

CASINGCK’s first input page, the Project page, is used to document
specific project descriptive data and to select the current mode of
operation. Rules for casing verification can differ according to the well Slide
location (onshore or offshore). 3of21
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D || W] &

)

Bl Input Data - C:\MEINCASINGCK\example1.ca1

@ Project

[ | ﬁ'| E |§| Surven File: |

T @ Survey T @ Farmation T

@ Mud

T @ Shoes T @ Tubulars

ML
[ft]

Inclination
[deq]

Azimuth
[deq)

D
[ft]

Dogleg

[deg/100f]

LI:II:I:I"-JD'.II'_'I'I-I':-I'_A_'I|I"‘\_'I—'-

—
=

0.0
3000.0
10000.0
11000.0
12000.0
14000.0
14500.0
16000.0

0.00
0.00
12.00
25.00
28.00
28.00
25.00
a.00

30.00
30.00
30.00
86.00
8200
8200
fB.00
7200

0.0
3000.0
99927

10923.0
117839
133660
137/91.5
15224.5

0.00
0.00
1.20
1.3
1.32
0.00
267
1.14

| nzert

Delete |

v Warn if dogleg »=

BT

Calculate

20 Planner

Dogleg

oo o5 10 15 20 25 30
0 } } ] ] ] ]

RELLLD

Dogleg (degf100f)

Dogleg | Inclination | 20 View |

C:AMEINCASIMGCE \example.cal

The Survey page can separately plot plan and section views of the
wellpath, as well as wellbore inclination and dogleg. Data may be copied
from a spreadsheet or entered manually. Don’'t have a survey? Create one

[ nitz:E nglish

8/31/2005 314 AM

quickly with the handy 2D Planner utility.

AIONISYO
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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 [f): 2200 MAS [f): 2000 E A [F]: | 150
L1 Planning
Unknowns [Select 2] Walue
Tyl=3!
Inc] [deg) = 5
L1 [KOP] () M
BRT [deqg/100f) o
Inc [deq] I GO
L2 [ft] _ BRI
BR 2 [deqs1 00Ff] _ 10
I3 [deq] = 30
| L3 [f] _ R00
‘innﬂ Survey Interval
End Paint Straight Section [ft): IW Curve Section [ft]: IW

. Buld Rate | Section
MO (ft] | Inc(deq] | Azifdea] | TWDR) | MR | EAw (R deg/100) | Length ()| [ o
1 0.00 5.00 429 0.0 0.0 0.0 n/a ) L —— :
| 2 | 893.9 5.00 429 890.5 7T 5.8 0.00 893.9
3 227 B0.00 429 1798.2 B54.4 491 4.92 1118.8
4 2EE2.7 B0.00 4729 21232 1215.7 91.2 0.00 E50.0 Accept
5 2962.7 90.00 4.29 2200.0 2193.8 164.5 10.00 ool
B B2 7 90.00 429 2200.0 2000.0 150.0 0.00 500.0 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.

AIONISYO
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B Input Data - C:\MERCASINGCKexample1.cal

i@ Froject T @ Survey T i@ Formation T @ Mud T @ Shoes T i@ Tubularz

{* Gradients -
rMithclag) 0| | il | | Gradient Fike: | _
Fracture Gradients: Temperatures: FDrmatan

" Enter Manually Frediction - (o Enter Manually i
{+ Compute tethod: |General e J  Apply Trend Grad'EntS

£ Por F Fract Ff Geost

™D F'u:ur_e Fran:t.ure Genst_atin: Tempera- | * |
[f] Eral;hent Gral;hent Era;hent bLire
[pzidf] [pzidt] [pzisft) [F]

0. 047 0.51 0.53 25.
2000. 047 0.69 n.a
4000. 047 0.76 nA4
_000. 0.76
G000, 047 077
2000, 047 0.73
10000, 043 0.3 [
11000, 06 0.85 L L

11200 0.87 (psifft)
0] 11200 0.91 =

AIONISYO

Inzert | Delete | | Enable MD Crraw | Print | Gradients | TemperaturEI

C:AMEINCASIMGCE examplel. cal Unitz: Cuztom 9/13/2005 1:51 Fid

On the Formation page, external stresses on the casing are specified.

Fracture gradients can be imported, entered manually or calculated by

the General Rule. Formation temperatures can also be estimated. All Slide
data are immediately shown in graphs for review. 6 of 21
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Bl Input Data - C:\AMENCASINGCK\example1.ca1

i@ Froject T @ Survey T i@ Formation T @ Mud

T i@ Shoes T i@ Tubulars

[ Gradients
{+ Lithology

k. Caoefficient Ii (whenever values are miszing on the
defaults tao: 0.67 lithalogical colurmm)

Lithological
Column

™D : K. :
[f] Lithotype Cosif, Formation

0

sandstone

800 gravels

1575 shale 0.8 Fredenc
3380 szandstone Bubbablue
3500 =and 0.6 Johnnpbog
10120 marl Harper
10150 conglomerate
13500 metamorphic rocks .92 Charlamain

~|

I'_EICEI"-\-JCI'!I'_'I'I-I"-'-I'_A.'Ilm—'-

—_
=

15000

-

Insert | Delete | | Enable MD

Pint | Lithology | K Coeff. |

C:AMEINCASIMGCE examplel. cal Unitz: Cuztom

3/19/2005 1:54 P

The second level of the Formation page displays lithological data
along the wellpath. The “K coefficient” is related to Poisson’s ratio
and characterizes formation deformation with loading. K is used to
estimate fracture gradients based on pore and geostatic gradients.

AIONISYO
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Bl Input Data - C:\AMENCASINGCK\example1.ca1

i@ Froject T @ Survey T i@ Formation T ia Mud T i@ Shoes T i@ Tubulars

(" Enter Mud Gradients Marually {¢ Compute uzing Overbalances

Overbalances: Mud Gradients

™D kO Owerbalance a8 | b
[Ft] [ft] (psidft] D ezcription Inzer /7 Pore / Mud

1 0 0.02 Delsle °
2 Print

Mud Gradients:
= E|§| Gradient File: | n IEfIrEilahle

™D MDD tud Gradient
[Ft] [Ft] [pzidft)

0 0.49
2000, 049
4000, 049
RO, 0.43 mn.a, nl,a IIIIE\- III?'.‘ nlsa n?-a
s000. 0.43 Graphs: I{DSi.I'ﬁ}l
10000, 051
11000 o | o=t || Draw |

12000, 0.8 - ||| Print || Mud Gradients [ Overbalance]

AIONISYO

C:AMEINCASIMGCE examplel. cal Unitz: Cuztom 9/13/2005 1:54 Fhd

On the Mud page, mud weights can be entered manually or estimated

based on overbalances. Depths can be entered in terms of TVD or MD,
whichever you prefer. Gradient data can be easily imported from any Slide
type of text file. 8 of 21
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Bl Input Data - C:\AMENCASINGCK\example1.ca1

i@ Froject T @ Survey T i@ Formation T i@ Mud T i@ Shoes T i@ Tubulars

Conductor Fipe TVD [f); | 0. kD [f]: | 0.

Shoe data:
D . Shoe TVD Shoe kD Insert /Ol
escrphion [ft] [ft] g

shoe 1 2000. 2000.
shoe 2 4000. 4000.
shoe 3 11500, 11643,

15000, 15773

v Trajecton Below Lazt Shoe az a Mew Drilling Phase

AIONISYO

Shoe Advigor
Last Shoe Suggested Depth:

TYO | 150000 MO (i 15773,
Marginz [peidit): Bun
Trip Margin: | 002 Kick Margin: 0.0z Advizor... \

C:AMEINCASIMGCE examplel. cal Unitz: Cuztom 9/13/2005 1:55 Fhd

Casing-shoe depths are specified on the Shoes page. Bottom depths of
each section of the wellbore are inferred from casing-shoe depths. The

Shoe Advisor helps you to quickly position the casing shoes. Slide
9 of 21




s CasingCK [Gradients and Margins]
ﬁ File Wiew  Ukilities  Window  Help

D W & <

S Fore # Fracture  / Foreplus  / Fracture  # Search Path
Trip Margin less Kick
Margin

AIONISYO

0.6
(psift)

C:AMEINCASIMGCE examplel. cal Unitz: Cuztom 9/13/2005 1:55 Fhd

The Shoe Advisor results define shoe position based on pore and
fracture gradients, and kick and trip margins. These results are

automatically exported to the Shoes page. Slide
10 of 21
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D|=(E & »
Bl Input Data - C:\MENCASINGCK\example1.ca1

i@ Project T (@ Survey T @ Formation T T @ Shoes T i@ Tubulars
Casing Strings:

Er’
Shae TYD Bump | 10 Ty

[ft) YWerfication Rule String Type Freszure [f]

lps) Current
2000. SURFACE CASIMG ) ) String: ]
4000. INTERMEDIATE CASIMG
11500, [ INTERMEDIATE LIMER

IMMEDIATE TIEBACE, . _ TvD (%
NER 7 0. IGE3. MO

Cazing Data Enllapse.-"lntemal] Eu:ullapse.-"E:-:ternaIl Eurst.-"lntemal] Eurst.-"E:-:ternaIl Kick Tu:ulerann:el

[from Top to Boattom T¥D | Bottorm MD | 0.0, tvi,”?a’ Steel | Thread | 1D, | Jaoint LD,
eight

B attam) [Ft] [Ft] [ir] (Ib/it] Grade Type [ir) [in]
Inzert 18000, 15773, 7. a8, Man DAMS 592 5,795

Delete
Lu:u:ukup| 1 | | b l_

AIONISYO

C:AMEINCASIMGCE examplel. cal Unitz: Cuztom 9/13/2005 1:56 Fhd

On the Tubulars page, casing, liner and tie-back strings are specified in
detail. You select the verification rule (surface, intermediate, or
production) and enter a variety of data on casing properties, fluid Slide
conditions, stress factors, kick tolerances and other factors. 11of21




L8 CasingCK - o

[ﬁ| Tubular Database

|B.I325 v|

|Ea$ing j Fipe OD [in]:

Maminal
Size

[in]

Fipe ID
[in]

Maminal
Wwieight
[lbwEt]

Adiuzted
Wweight
[IbAft]

Grade

24. K55
28. H-40
32, K65

B.B25 8.037 24,
B.B25 8.017 28.
B.B25 7921 3.
B.625 7825 ak. ab. M-80
B.B25 7725 40. 40. M-830
B.B25 7625 44, 44, M-80
B.625 7511 43. 43. M-80

AIONISYO

Editar.... Apply |

CAMEINCASINGCK \eramplel. cal itz Custam 3/19/2005 1:56 Phd

All Maurer Software programs include an extensive Tubular Database
that may be edited/customized. This feature avoids the need to look up

the casing/tubing's size, weight, ID, etc. each time. Slide
12 of 21



w. Preferences (current session)

Tensinnl Gradients] Hepurtsl D 4 MD Miscellanenus]

Surface Condition ] Intermediate ] Production | Biaxial Effect | Design Factars l Temperature ]

Ilze Design Factors on Graphs to: |Leave D ata Unchanged j

Default Dezign Factors:
Dezign Factar Ii D eszign Factar Ii Dezign Factaor Ii
for Burst: 1.05 for Collapze: 1 for T engion: 1.7

v Azzociate Design Factors bo the Cazing Yield Strength

{+ Burst (" Collapse (" Tension
From pield Toyield strength | Design |+ %|
strength [pai) [pzi] factor
1 0 55000, 1.05
2 RR000. 110000, 1.1 Inzert
3 110000, 1000000. 12 = Delete
Dizplay/E dit;
" .
Current Sesszion Preferences Save az Default Freset al K ‘ Cancel
" CADET Default Preferences Freferences

CASINGCK is designed as a highly flexible program. A wide range of
User Preferences affect how CASINGCK performs casing verifications.
The complete set of preferences can be saved as a template file,
thereby providing a stable environment of rules that reflect your

company’s policies and procedures for casing design.

AIONISYO
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File Wiew  Ukilities  Window  Help

D|=|d &) «
2% Differential Pr... E] %Ehnk& Margin g@@ Eiﬂargin Analysi... g@@

Differential Pressure and Drilling Chﬂke M argin -

Balance

/ Oiterstial 2 Orilling F Choke Margin
Prezzam Balancs ]

E 00
—
E 15000
0 S0 1000 1300 2000 2500 300
(jsi)

o

. . Fh
Acting Gradients o[ Bottom TVD | Bottom MD

Z Orlllkg [t] [Ft]

1] Promi
. 5000 m =00t 2000, )
=) — L 4000, 4000,
10000 10000
= 11500, 11643
> 15000 =~ ||
Z Carhg

~ — 15000. 15773,
15000
20000 15224 16000.

AIONISYO

04 06 08 10 1.2 Pk
(st 20000 b—n

C:AMEINCASIMGCE examplel. cal Unitz: Cuztom 9/13/2005 210 Pk

Output is presented in two main windows: the Margin Analysis (above)
and the Casing Verification (next slide). Margin analysis is an intermediate
step toward casing verification. It is, in essence, a verification of the Slide
casing-shoe setting depths. 14 of 21



File Edit  Miew Utlities  Window Help

sllap... [ |[E)K) (2 AR ansion |- O . =

Collapse Analysis BIEJFSt .-E'xﬂi3|"_-,-’5i5 Tgnsinnl Analysis 0
0 |
am s £ E a00
£ o0 £ oo £ ool | £ 1000
— i i —
= 5 1o = = = 1500
- e = 2000
T e e = 2300 O
=) (p=i) (lbf) 2500 >
@p)
: ) ) B NSic u afe ) —
S
. Phaze Phaze
WD Casing D kD ] ]
[f] Mo, Eu:uttn:u[?;] WD E!cnttc[ufra ] [f] Casging String O
1 0o 1 i 2000.0 200 1 nan 1 |16.0000Nn] CasIMGE 2
2 20000 1 2 4000.0 400 2 2000.0 200 2
3 11500.0 1164 3
4 150000 1577 4
4] 152245 1600 5
L | b 4 b 4 b 4 3
CAMENCASINGCE \exammplel . cal Unitz:English | 1/5/2005 | 3:52 AM v

The heart of CASINGCK is the Casing Verification window.
Verification encompasses the three principal stresses to which a casing

column is subjected: burst, collapse, and tension stress. Slide
15 of 21
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D& W| & <

E% Burst Analysis |:||§||E| -:_E Collapse Analysis

Burst Analysis Collapse Analysis

£ hknal JF scthg Ff Nonhal  # Ecenal £ hknal Aoty # Honhal & Balat o Blacal
Lol Lol Shendth L] Loexl Loexl She gt Shie Efiict
ipore Prezzame

| \l

Prezznre

a000 10000 15000
(psi)
C:AMEINCASIMGCE examplel. cal Unitz: Cuztom 9/13/2005 212 FPhd

For each casing and liner string, Collapse and Burst loading are
derived and compared to that casing’s nominal strength.

AIONISYO
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File Wiew  Ukilities  Window  Help
D= | & «

2% Tension Analysis

Tension Analysis

F Tewsbn Aot F Homhal £ Teaskn
In &l Lkl Sire wgth In R10el
0 Fd E?ﬁ;cl
O
£ Tkhad >
. 2
=
P
P,
~
F oy
Fromie
L7
C:AMEINCASIMGCE examplel. cal Unitz: Cuztom 9/13/2005 215 Fh
The Tension analysis takes into account axial loading, buoyancy
and bending effects.
Slide
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id CasingCK [Burst and Collapse Data] Q@E|
- 8 X

E’ File Wiew  Ukilities  Window  Help
D= | & «
VD Fore Enllgpselnt. kud Grad. _Eurst Eurst =
(f] . Er._an:l. Fluid !Eral:l. at Etm Bching !_Dal:l HESlstancE
[p=iTt] [p=idft] [p=idft] [pzi] [p=i]
Q. 4 047 0 072 . 0 13070, 941
ano. 4 047 0 072 . 376 134119, 941
ano. 4 047 0 072 . 376 134119, 941
1575, 4 047 0 07z : 740 13757 941
1575, 4 047 0. 07z : 740, 13757 941
2000, 4 047 0 072 : 340. 13942, 941
2000, 4 047 0 072 : 340. 13942, 341
a281. 4 047 0 072 . 1542, 14501, q41¢ Cj;)
a281. 3 047 0 072 . 1542, 14501, q41¢ w
2350, 3 047 0 072 . 1575, 14531, 341: ——
2350, 3 047 0 072 . 1575, 14531, 341: =
4000, 3 047 0 072 : 1880 14314, 341: G)
4000, 3 047 0 072 : 1880 14314, 341: O
a000. 3 047 0 072 . 2350, 15260, J41¢ ~
G000, 3 047 1} 072 . 2820, 15686 941:
anao. 3 047 1} 072 . 7R, 16554, 941:
aa00. 3 047 1} 072 . 4038 16734 941
2800, 3 047 0 072 : 4038, 16734 941
10000, 3 049 0 072 . 4300. 17231, 941
10150 3 051 0 072 : A141. 17126
C:AMEINCASIMGCE examplel. cal Unitz: Cuztom 9/13/2005 215 Fh
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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" CASINGCK Casing Stress Check Tool
File Edit Bookmark ©Options Help

Back | Print

WD) Contents l% lr'u:le:-:l 4 Eearch]

= I:E| Background
Blintocuction

a General Features

a Quick Tour

a Thearetical Basis

El Femoving the Program
@ Inpuk

@ ioukpuk

@ MTI Software

A comprehensive On-Li

Background

m CASINGCE, Maurer Technology s Casing Stress Check Tool, iz &
member of & comprehensive sute of programs designed for planning wells
and evaluating field operations including drilling, completion, and workovers.
The importance of casing design in the drilling engineering process does not
need to be stressed. Many drilling engineers believe that casing design is
the backhone of a well project.

CASINGCE iz primarily designed to run casing verifications, i.e., to compare
the resistance of a cazing column design to the physical stresses that the
column is likely to experience. & variety of potential stress factors can be
taken into consideration. The rules uzed to calculate streszes can be zaved
in & customized profile, thus making it easier to meet your company s
policies.

CF 13T
o O _,J Mud Line
0 18625 [in). 1640 [f) MD

4000+
Th L0 {255 (1] MD

| e

ne Help System is also provided. Tips on

program operation, program structure, and complete theoretical
background are immediately available at the click of a button.

AIONISYO
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[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] - [# @)p)
q Fuel Wolume [gal) - [Of —
10 Solid Valume [ft3] - | 0# =
11 Curnulative Production [MSTE) - Of Q)
12 Stroke Dizplacement [gal/ztk) - [.#H O
13 G as Volume (PR 2 - Of A
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. 200f21



Thanks for your interest in CASINGCK

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

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

PETRIS

MAURER SOFTWARE is a mark of Maurer Technology Inc., used under license. 21 of 21
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