HTHPFLOW - High-Temperature/
High-Pressure Flow Model

HTHPFLOW was developed by MTI to address the
iIndustry’s need for detailed analysis of wellbore hydraulics
and improved drilling operations for high-temperature/high-
pressure wells. The program calculates pressure profiles
and frictional pressure losses along the mud circulating path,
and mud rheological parameters inside and outside the drill
string. Output screens also compare corrected values with
uncorrected values to illustrate the magnitude of the effects
of temperature and pressure.

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. 10f13
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High-Temperature/High-Pressure Flow Model

Project

Project File: C:AMEINHTHPFLOWH azelnut. tp
Systern of Units: Englizh

Well Data

Comparu: Giant Oil Company

Project Mame: Gulf Abazca

Wwiell: Hazelnut H-24

Field: Auystinic 5and

Location: Blanken County, Texas

D ate: September 2005

Cormments: Az we've gone deeper, more challenges with temp and pressure

HTHPFLOW is a user-friendly package with a variety of powerful
features. Design and navigation around the program is very logical.
The first input screen, the Main page, stores documentation to identify
specific clients, wells, fields, etc.

MOTddHLH
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B~ Survey File: |”'3||ﬂat|§ﬂ [deq]

0.0
h[-1f[]fl Inn:[!ilnat]inn .-'fu[zlilmu;h T[‘F-"]D [dDD.-’E'Illgﬁf : | = 1000.0 :I
b eg eqg b eq b
o0 000 000 0.0 ooo | | 20000
1000.0 0,00 000 1000.0 0,00 2000.0
1501.0 220 000 1500.9 0.44 40000 —
1753.0 370 0oo 17525 0.60
2006.0 530 000 20047 0.63 2000.04
252210 o400 0oo 25170 0.60 E000.0
0540 11.490 000 30406 0.66 20000
3397.0 1430 000 33745 0.70
F397.0  14.30 0oo  5M27 0,00 8000.0 -
Fe430 1410 000 57499 0.04 9000.0
E397.0 1370 000 E2828 0.07
EI40.0  13.40 000 BH07 T I
11000.0

Inzert Delete Calculate :I %gggﬂ .
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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. Slide
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L= m Thermal File: Temperature [F]
0.0

| Use constant geathermal gradient o
1000.0—f------

—
| 2000.0

£ without rock temperature {o" With rock temperature 3000.04

Measured | Inzide Fluid  Annular Fluid Formation % LS

Depth Temperature | Temperature | Temperature RO00.0 -
[FE] [F] [F] [F] e
0.0 54.00 2310 gaon || BOU0.04
200.0 EE.10 o520 E210 || 70000
400.0 E2.20 a7 50 72.20
FO0.0 70.40 89,70 7e.20 || 8000.0
200.0 7260 92.00 2030 || gopg o4
1000.0 74.90 94.20 o440
1200.0 77.10 9. 40 gnsQ  |[10000.0
1400.0 79.20 98,70 9260 |h1pon.o—

1600.0 a1 60 100.90 970 -
12000.0 -

Inzert Delete Drramw 12430.0-
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The Thermal page is used to input formation and fluid temperatures
with depth for correcting fluid rheology. Temperature data can be
entered into HTHPFLOW manually or imported from MTI's thermal Slide
simulation program GTEMP. 4 of 13
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Drilling 5tring Geometry

Length Cum. Length | =
[Ft] [Ft]

Dirillpipe B000.0 EODOO

Dirillpipe 4000.0 10000.0

Crillpipe 1800.0 11800.0

Cirill Callar £38.0 12438.0

Mo, Dezcription

Wellbore Geometry Mozzles Drilling D ata

MOTddHLH

Description Yalue Mozzle | Mozzle |D | =] Descrption
Lazt Caszing Shoe Depth [f) 123000 Ma. [1/32in] Flows R ate [gpm)

Lazt Cazing D [in) 10711 280 ROP [ft'h)
Current Bit Depth [ft) 12438.0 28 Cuttings Diameter [in)
Current Bit Diameter [in) 10,625 28 - Rock Density [ppa)

1.804 [inZ]

Drillstring components and wellbore geometry are specified on the
Tubulars page. Enter specific sizes for bit nozzles or total flow area
(TFA) through the bit. Slide
50f 13
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Mud TypeWeight Rheological Parameters [Bingham Plastic]

™ WwWiater Baze Mud Plaztic Vizcoszity [cp)
@ Oil Baze Mud with Asphal T=64 | 150 | 200 | 250 | 300 Help

: . P=p |42.800 20.000 11,400 G600 3.300 —
(™ 0l Base Mud without 2sphalt Calar Code
| Beme LI WTEL Sspine 1000 |46.900 21600 12100 6800 3.600

N A000 | 60.300 26,600 14.300 7.900 4.600 AP Factars
ght (e 11,60 a000 | §1.600 34.500 17.900 11.000 7.100

Rheology Model ‘Vield Paint [Ibf100f2)
(@) Bingham Plashic T=54 1650 | 200 @ 250 | 300 :
P=0 | 4060 1900 1090 620 3.20 View Giraph
1000 | 4110 2050 1150 E50  3.40 Cloa

4000 | 5280 2530 1380 7SO0 4.40
aonn | 7140 3300 17.00 1040 670 Add to DB

(1 Power Law

Data Input Option

() Rheological Parameters

MOTddHLH

[ Wizcometer Beadings

Data Source TIFl | Plpsi) R100 | R200 | R300 | Reo0o -

@ Fann 700 b4 0 |

(" Farin 50 Ej lggg
(1 Others

B4 8000

The Fluid page provides options for different mud types, rheology models,

data options, and data sources. To calculate drilling hydraulics accurately,
HTHPFLOW takes into account variation in rheological parameters with Slide
temperature and pressure instead of assuming that they are constant. 6 of 13
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APl Downhole Viscosity Correction Factors

Mud Type . .
il Base Mud with Asphalt
() W ater Baze
. . £ 1ol Q000 £ 12000 £ 160 aang W 0714
(w) Ol Baze Mud with Azphalt -
() 0Ol Baze Mud without Azphalt
2
Data Input =
o
T emperature | 200. [F) [_g 5 :—I:|
Preszure | gl o
4000, [p=i] & I
n 4 U
[nterpolate 3D Graph 5 p
2 @)
Result E
Yizcozity Comrection Factar | 0714
I:I I I I
0 100 200 300 400 500
Mare Info... Return Termperature (F)

For calculating hydraulics of HTHP wells, viscosity of the drilling fluid

should be determined at downhole conditions. However, if downhole

properties are not known, corrections can be made based on surface
conditions. API Correction Factors (average viscosity ratios obtained from  Slide
measurements with a variety of drilling fluids) are easy to apply. 70f 13
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After all required input data are ready, you can immediately view the
Output window. A variety of hydraulics output parameters and formats
are available for review and comparison. Slide
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Measured
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:
:
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Plastic Viscosity Yield Point
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D escription

Standpipe Pressure [pzi]

Wellhead Prezsure [pzi]

000 -'"f,f-"" Bottormhole Prezsure [pzi]

/ Curulative Prezsure Loss in Drillpipe [psi]
Curmnulative Pressure Loss in Annuluz [psi)

Bit Preszure Drop [psi]

15000 15000 ECD at Bottorn of Hole [ppg]

Plastic Yiscosity (cp) Yield Point (b1 00f2) Plastic Vizcaosity at Wellhead [cp)

MOTddHL1H
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Depth (ft)
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Depth (ft)

10000

A second set of output graphs and tables is accessed by
selecting the Compare window. These graphs compare the
uncorrected (constant) rheology to the corrected (temperature- Slide
and pressure-dependent) rheology. 9 of 13
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For example, the Pressure Profile graph charts pressure drop down the
drillstring, across the BHA, and up the annulus with and without
temperature/pressure corrections. Slide
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System of Units (%]

Uitz bMuCuztomm

ok | Cancel | Undo &l |
Group M arme Selection Format =
1 Dimengion Length [ft) - [ o
2 Diameter/Thickness [in] -  [fHf
3 Mozzle Size [1/32in) - (]
4 Choke Size [1/B4in] - 0
o Tranzportation Distance (rni] - OH
= Brea [Ft2] » | [.HHH
7 Crosz Sechion [In&) - [HH
a Fluid Yalume [alal]] - 0H
= Fuel Volume [gal] - Of
10 Solid alume [ft3] « [1#
11 Curnulative Produchion (MSTE) - Of
17 Stroke Dizplacement [gal/ztk) - [OHH
13 Gas Volumne (PP 2] -« 0f
14 Speed Welocity [Ftrrin) - [HH
15 Trip Speed [ftrnir) - (] -
Save Save Az Prirt Enalizh Metnc (ther. ..

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).
Custom systems are saved and automatically recalled in future sessions.

MOTddHLH

Slide
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Back| Print
U Contents | @, Index| @& Search| | Background

[:@ Inktroduction Fheological propetties of drilling fluidz are uzually conzsidered to be independent
EI Background of pressure and temperature. Inmany cases, thiz may he a good
EI Features of HTHPELOW approximation. For shallowe wellz, temperature changes are not large, =0
% Input Windows variations in rhealogy with temperature are small. Also, many wellz have a

) large gap between pore pressure and fracture pressure, so errors inthe
"EI Output Windows estimation of the dynamic circulstion pressure may not have significant
EI Main Output Window conzeguences for integrity ar kick probability. Howeser, for wells with small
EI Comparison Cukpuk Window marging hetween pore pressure and fracture pressure, careful analysiz of the
E] Menus effects of temperature and prezzure on wellbore hydraulics and the potential
=] Icons for kicks is needed.

@ Other MTI Software

LIJ HTHPFLOW wasz developed by Maurer Technology Ine. to address the
industry s need for detailed analyziz of wellbore hydraulics and improved
drilling operations for high-temperaturetigh-pressure wells, The program
calculates pressure profiles and frictional preszure losses along the mud
circulating path, and mud rheological parameters inside and outzide the drill
string. Output zcreens alzo compare carrected values with uncorrected
values to illustrate the magnitude of the effects of temperature and pressure.

MOTddHL1H

Pressure Pruﬁle

M In Drill"=tring
[Corrected)

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
12 of 13




Thanks for your interest In
HTHPFLOW

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. 13 of 13



