GTEMP —Wellbore Temperature Simulation Model

Is a powerful and efficient tool for analyzing temperature
profiles in drilling/completion/production applications. This
model was jointly developed by MTI and the Department of
Modern Mechanics of the University of Science and
Technology of China (USTC).

The program models natural and forced convection,
conduction within the wellbore, as well as heat conduction
within the surrounding rock formation. A wide variety of well
operations can be modeled including:

» liquid or steam injection
» liquid or steam production
» forward and reverse circulation with liquid or gas
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Project Description

el \Hazelhut H-34

Froject: |I3I|:|ria Deepening Phaze |

Compaty: |I3iant il Campary

Field: Bostan Chalk

Location: |Ju|i|:| County, Texas

D' ate: S eptember 2005
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Comments: |We're encauntering hotter farmations than ever.

Operation Options
{ Liguid Fonward Circulation " Gaz Fonward Circulation
{ Liguid Reverze Circulation " Stearn Production

"~ Liguid Injection " Steam Injection
{* Liquid Praduction Help |
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GTEMP is a powerful thermal model with a range of useful features.
The first input screen (the Project page) stores project documentation.
Select one of seven primary operational modes based on forward Slide
circulation, reverse circulation, production or injection. 2 of 17
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The Survey page displays 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 with the Slide
handy 2D Planner utility. 3of 17



2D Well Planner
2D Plan
{* Build/Build  Buld/Drop ¢ Build/Hold

Start Paint
L1

Tyl=3!

-

ir‘u:E

X]

Target
o TWDAMS/EW " TWD/Harzontal Distanceddzi
T [ft): 2200 M5 [I): 2000 E.M [ft): | 150
Planning
Unknowns [Select 2] Walue
Inc] [deq] = al
L1 [KOP] [t ﬂ
ER1 [deg.100f] ¥
Inc [deq] I GO
L2 [ft) 1= B0
BRZ [deqg/100f] | 10
I3 [deq] = 30
| L3[Rt _ a00

Survey Interval

End Point Straight Section (f; | 100

MD () | Incl(deg) | Azifdeg) | TVD R | M/SI) | Edw () [Egg'f',fn%tﬁ] Lgrf;ttfﬁt]

1 0.00 5.00 123 00 00 00 nia na
2| sEag 5.00 423 805 777 5.8 000 8939
3| 20127 600D 423 17982 6544 431 132 11188

4| 28627 OO0 123 21232 12157 91.2 000 6500
5| 29627 9000 423 22000 21938 1645 1000 3000
6| 34627 8000 423 22000 20000 1500 000 5000

Curve Section [ft]: | 100

...............................

Aocept

Cancel

The 2D Planner creates simple or complex 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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Production Tubing/Drill String

{* Starting from Bottom {~ Starting from Top

' Insert
Description Tubing ﬁt?t Depth Eemen“tctl]_ength Ih=er

Tubing R000.0 _ BO00.0 Delete

Databaze
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The primary string through which the fluid(s) is to be produced, injected
or circulated is specified in detail on the Tubulars page.
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] PpeODGink  [4.  ~]
M ominal Fine |D M aminal Adjusted
Clazz Size P& W eight Wwieight Grade
] (in (I (It
DP Clz 2 ] 3.475 119 13.1]E-75
DP Clz 2 ] 3.475 119 135/E-75
DP Cls 2 4 3.475 119 12.1/E-75
DP Cls 2 4 3.475 119 13.3(E-75
DP Cls 2 4 334 14 15.1/E-75
DP Tl 2 i 33 14, 16 E-76 D)
DP Cls 2 4 334 14 159 E-75 —]
DP Cls 2 4 334 14 15. E-75 T
DP Cls 2 4 3.34 14, 144 E-75 <
DP Cls 2 4 3.24 157 16.8 E-75 O
DP Cls 2 4 3.24 157 17.1[E-75
DP Cls 2 4 3.24 157 175E-75
Editar... | Apply |
CAMEINGTEMP21\hazelnut. gbtd Uritz: Custom 9/5/2005 2:56 A
All Maurer Technology programs include an extensive tubular database
that may be edited/customized. This feature avoids the need to look up
Slide

drillstring component sizes, IDs, etc. each time.
6 of 17
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Cazing [from smallezt to largeszt]

. Cazing Set Depth oo ] Cerment Length
Description [f] fin] fin] [ft]
Cazing] A000.0 9.6 3634 2200.0
Casing: 3000.0 134 12336 2200.0
Casing3 1000.0 2000 197127 1000.0
Cazingd 100.0 300 29.003 100.0

Databaze

Geothermal Temperature

Surface Temperature: 70 [F] Help |

Ciameter af Surface Hale: | A, in)
Bottorn T emperature; 150, [F)
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Casing geometry and cement placement along the wellbore must be
precisely specified so that thermal conductivity can be calculated. The
undisturbed geothermal temperatures at the surface and at the bottom

of the hole provide boundary conditions.
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™ Power-Law Fluid Denzity Wigoozity ield Paint K. |nzert
Murnber [ppa] [=p] (IBFA100f2) | (IBF-s"n/r2 _

1 10, 15.00 A. Delete
Fann Readings... 2 2 91 14 —

{» Bingham Flaztic

Operation 5chedule

Fluid Inlet Flow Flow Standpipe Iriflus 1nlet | Tnflus Flowe | = |

Murmber Temp. Rate Feriod F'ress_ure lnl‘ﬂﬂi‘nll?;rid Temp. Rate
F) [gpm] [howr) [pai) (F) [gpm]

1 150. 15.0 240.00 2 280 15
1 160, 1500 430.00

-
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Fluid Imitially in Tubing and Casing Temperature at Inlet for Circulation

s = :
wiellbare Fluid Mo 1 Anrulus Fluid Mo.: | 1 Single Pass Tank Mixed

T ank Yaolurme: | RR [bBbl)
Tank Fluid Surface Area: | an [ft2)

T ank Erwviromental Temp.: | 63 [F]
- : | (" i i |
Inl=t Pressure: Cluality Fiatic: Heat Transfer Coefficient: | 1.2 [Btuh-ft-F)

C:AMEING TEMPShazelnut. gt2 Unitz: Cuztom 9/5,/2005 10:46 Ak

Fluids that are circulated, produced or injected are listed on the Fluids

page. Simple or complicated pumping schedules are easy to describe.

You can also include thermal energy that is lost when circulated fluid is Slide
in the surface tanks. 8 of 17
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Thermal Properties

Tubing Cazing

Conduchivity: | 1. [Btulh-ft-F] Conduchivity: | 26.1  [Btush-ft-F]
Heat Capacity: | 01 [Btu/lbF] Heat Capacity: | 011 [Btu/lb-F)
Drensity: | 300, (b3 Databaze Drerigity: | 490, (b3 Databaze
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Bock [from surface to bottom]

Conductivity | Heat Capacity | Density | Vertical Depth | | Irnzert
Rock Tvee | “mryhttF) | BudeF] | (b/3) [#]

Shale [Default) 0.92 0.3 140. 5000.0 Delete

D atabaze
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On the Thermal page, enter thermal properties for the tubing material
(i.e., production tubing or drill pipe), casing string, and rock layers.
Click [Database] to view and select representative data for several Slide
common metals and rocks. 9of 17
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After all required input data are input, the Output window is loaded.
Four graphics windows are displayed in a tiled view. These are

described on the next four slides. Slide
10 of 17
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The Thermal Analysis window is an interactive graph that allows you
to point to any depth of interest on the color-coded wellbore thermal

graph. Tables and plots show results at your selected depth. Slide
11 of 17
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The Pressure and Temperature at Fixed Time window is a graph of
temperatures along the tubing and annulus at the end of any of the flow

stages you specified for your operation. Slide
12 of 17
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The complete data matrix of temperature with depth, radius and time is
shown in a 3D Temperature Distribution. You can rotate the graph in

3D space to obtain the best view of the results. Slide
13 of 17
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Temperature (F)
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In the Pressure and Temperature at Fixed Depth window, a constant
depth and specific time interval of interest are used to calculate a

detailed temperature/time profile. Slide
14 of 17
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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] - [# EI)
q Fuel Wolume [gal) - [Of rm
10 Solid Wolume [Ft3] - [# Z
11 Curnulative Production [MSTE) - Of e
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. 15o0f 17
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Eﬂl l% ]!ﬁ l zeneral Theoretical Background
I Introduction Wellbore Description

3 Background Two bazic wellbaore fluid flowe models are included in GTEMP: 1] & well completion

EI Features designed for production or injection (left); and 27 a well completion in which fluid is

EI Cuick Taur circulated (right]. In the figure, the tube in the center iz the production tuking or drill pipe;
El Uninstalling GTEMP the casings outward in order are; production casing, intermediste casing, surface casing,
I:@ Theoretical Basis conductor pipe, and finally barehale. Outside the borehole iz rock formation.

B Theoretical Eackaround Injacted Fiuid Circulated Fluid
El Liquid Flow

El izas Circulation

El Two-Phase Steam
El Surface Mud Tank,
@ Input

[m ioukput

El Main Cukpuk Window
a Thermal Analysis Windo
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@ MTI Software
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Mumerical Grid

Three temperatures are computed in the wellbore at each depth (zee below)), Radial "

e mrem el e ek e mdle mem =i =] = =l i e m =l el ml dlem o iemll el milim = =l Al e dmiale m ek e = - = —

£ | Ll >

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

Immediately available at the click of a button. Slide
16 of 17




Thanks for your interest in GTEMP

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. 17 of 17
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