CEMENT - Wellbore Cementing Model

accurately models cement placement by addressing
U-tubing phenomena, dynamic injection pressures,
equivalent circulating densities (ECD's) and
formation breakdown pressures.

Advanced engineering features and animated flow
visualization allow engineers to optimize and design
cementing jobs prior to actual field operations.

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 21

view details in the graphics, zoom in or print the document.
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Project Description

Wl \Hazelrut H34E

Froject: |F"Iatfn:|rrn Alpha Deepening Phaze [

Comparn: |Independent il Compary

Field: |Prolific: 5 ands

Location: |Offshore Louisiana Block 9340 |c'|-'|)

D ate: |September 2005 Z

Cormrmemnts: |We've hiad problems with free fall in this field. . E
_I

Operation/Calculation Options
+ Farward Circulation " Reverze Circulation

v Perform FPipe/Formation Safety Check,

C:AMEINCEMEM T 4%Hazelut.re3 [ ritz: Crstamm 104242005 1007 A

CEMENT has a logical program design and user-friendly
Interface. The first input page (Project) includes basic project
information/documentation. Both forward and reverse circulation Slide
can be modeled. 20f21
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)| 2| &| & surveyFie: | Plan View

RN

D Inclingtion | &zimuth D Dogleg [ =] | & iﬁ

[Ft] (deq] [deq] [F] [deqgd1 00 (300
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B 3200.0 10, 0 31990 5 00 Section View <
7 3300.0 15 0 3296 5 00 Q0 MW a0 W S0 e Eg

g 3400.0 20 0. 33919 F.00 = o
g 2500.0 25, 0. 3484 3 500 HE_’ 00 —

10 2600.0 an. 0. 35720 q.00] - T 3000

— m'\__
[n=zert Delete | Calzulate Prirt LY
“ettical Section (1)
[vw ‘wiam if dogleg »= Al 20 Planmer Dogleg J Inclination 20 Wiew |
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The Survey page plots the plan and section views, as well as wellbore
inclination and doglegs. Survey data describing the wellpath may be

entered manually, imported, or copied from a spreadsheet. Slide
3of21
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@ Project T @ Survey T @ Tubulars T @ wellbare T i@ Formation T i@ Fluids
Tubing Geometry [starting from bottom]
rield Curnulative | * | Ihaert
D ezcription Length ID op Strength Length
[Ft] [ir] [in) [psil [f] ]
Delet
1 |Casing 5300.0 7 75 50000 9300.0 - |
2
K]
Impart...
i p
g . Databaze
Surface Line
Lenigth: 100.0 (k) Internal Diameter; | 3. (i
C:AMEINCEMEMT WHazelnut.rc3 Unitz:Cugtom 107242005 10:07 Abd

Casing/liner sizes through which the cement is pumped are entered on
the Tubulars page.

1N4N30

Slide
4 of 21



[ﬂ Tubular Database

Pips Class: | Casing | Pipe OD in):  |965 |
Maominal Pioe |D Mominal Adjusted -
Clazz Size P Wwieight Wwieight Grade Upzet Thr
lin] fir) (Ib#ft) (Ibft) o
1 |Casing 9625 9,001 32.3 32.3 H-40 : STC
2 |Casing 9625 8.921 36, 3. K55 : LTC
3 |Casing 9625 8.635 40, 40, M-80 : LTC
4 |Casing 9625 8.755 435 435 M-80 : LTC
5 |Casing 9625 8 681 47. 47 M-80 : LTC
E |Casing 9625 0535 535 535 N-80 : LTC P,
70 Casing 9,625 2,535 535 535 P-110 : LTC Tl
<
m
=
—
o | an
Editar... | Frint ‘ 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 casing's size, weight, ID, etc. each time. Slide
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Wellbore Geometry [starting from surface]

D escription Bottarn MD D — Inzert
(Ft) (in] —
1 |casing BO00.0 35 | e
2 _|open hole 3a00.0 8.7 Valume ta [0
3 ——
4 Irmpaort.... O
5 (L
= - D atabaze Z
M
=
Cazing Shoe and Points of Interest Free-Fall Control Tool _I

Last Cazing Shoe MD: 5000.0 (k) Default | v
Faint of Interest MD: 9300.0 (ft) Drefault | Measured Depthe | 93000 (R Default

v Paint of Interest 2 MD: 2200.00 [f) _ . Wellbore
. Total Flow Area: | 05 [ind] alume
[ Point of Interest 3 MD: Calc.
C:AMEINCEMEMT WHazelnut.rc3 Unitz:Cugtom 107242005 10:08 Abd

Wellbore geometry is entered on the Wellbore page. Excess cement

can be modeled by increasing the wellbore ID. User-specified “Points

of Interest" can be selected—depths for which more detailed analyses Slide
will be performed. 6 of 21
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bAD [ft) Inclination [deg] hove the mouse inside the wellbore
0.0— | ————————— | schematic and click to obtain volume
R of tubing or annular section. Y'ou can
| v oo | | also inputtwo depths in the boxes
1000.0 4 | IV VT TN | below and click "Caleulate”.
20000 '
b Input two measured depths
3000.0 — SRRl MD of Paint 1: 2000.0 [f)
Co . MO of Paint 2: 42800 [ft]
4000.0— :—
| E  Laleulste
F000.0— - | - L
' ! Heszults
I o Al
SIS | TvD of Point 1. 2000.0 ()
- AN TVD of Paint 2 4023 3 [f
7000.0 ! olume in tubing: 442 6| [bbl)
| . 108.5| [bb)
a000.0 — i "%'%"E"i""i"i"i"i" olume in annulus: 24E.3| [bbl)
. 75.3| [bbl)
I
30000 | RS RE My S
3300.0 = o B0 1m Frint Repart | Close |

The Section Volume Calculation utility quickly calculates annulus
(green) and tubing (blue) volumes. This is done very simply by clicking
on the upper and lower boundaries of the range of interest, or by
directly typing depths of these boundaries.

1N4N30
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@ Project T @ Survey T @ Tubulars T @ wellbare T @ Formation T i@ Fluids
Iv Show pore and fracture in autput graph
A Pare J Frac. / Pore / Frac.
Pore and Fracture Data ; . ;{ .
¥ Pressure Gradient " Pressure s =
— " 0o 02 04 0E 08 1.0
Drescription VD Fare Fracture — 1]
[f] [psi/t] psift] || 1l
1 |Lime 250.0 .45 0.55 2000 O
2 |Shale 28000 0.6 ne — m
3 |5and Ba00.0 051 0.56 =
4 |5hale 2 3300.0 062 075 ) et =
- = M
5000 =
Inzert ‘ Delete | Draw Graph | Print Graph —|
a00n
Margins
Trip Margin:l 0.03 [pzidf] 10000
Hel | . .
Kick Margirc| 0.03 [psidit] d Gradient (psift)
C:AMEINCEMEMT WHazelnut.rc3 Unitz:Cugtom 107242005 10:10 Abd

Of major concern during cementing are the dangers of fracturing

the formation or of taking a kick. On the Formation page, each
formation's pore and fracture pressure are entered (as either actual Slide
pressures or as pressure gradients). 8of 21
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@ Project T @ Survey T @ Tubulars T @ wellbore T @ Formation T @ Fluids
Fluid Data [in pumping order)
- Flastic Tield Inzert |
: Denzity . . . k Cement [—
Fluid Mane (ppal Color | Rhealogy "-hs{ggisﬂy [||:.f,.|?1D|£|r|£|tft2] y ibf-s"nft2) | Shury Delete |
1 |native rmud = R3] MNewkon - 10.00 =
2 | clear biine 85 Binghar v|  14.95 293 = _Famn. |
3 |spacer 10.5 Binghar - 5415 4 — Est. |
; cernent 13. Einghar: 10.00 2 f Coalor | O
& hd g |~ rm
Mo Pumping Schedule for Fluid #1 Back-Preszure Schedule r%
" Manual Input {* Calculate to Prevent Free Fall
| L | Heat "Pumping Time: 3.93 [hou] 5
, Job Time Presszure | =
ol Fiat T Cumol | = : —
bb | igpm) | thoud | b || e | ——{heu s 1
; 2 _Deie |
3
3 - | 4 - |
C:AMEINCEMEMTYH azelnut.re3 Uritz: Cuztom 10/2/2005 1017 Abd
On the Fluids page, each cementing stage is described (lead cement,
spacers, tail cement, etc.) with its own specific rheological properties,
pump rates and schedules. Slide
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" Cement 3 - Rheological Parameter Calculation from Rotational Viscometer Reading

Mud Characteristics:
2 Spd. | 45pd, | B Spd. | 8 Spd. | Shear Stress vs Shear Rafe
R otation Speeds [from high to low) 0.00%
FRPM | Reading
1 600 60 — 0.004 v
| 2 200 a4 g
3 200 an —
1 100 22 0 0.003
&
& /
o 0.002
I
=
5 /
|nzert Delete 0.001
Model Selection: 0.000
{~ Bingham Plastic 1] A00 1000 1400
" P L
prsra Shear Rate (1/s)
{» Herzchel-Bulkley
(" Auto Select Reszults: User selected Herschel-Bulkley Model
Calculate “ield Paint P [Ibf/100ft2) 12.62
E. [Ibf-z"nAft2] 0.0009
Accept | Cancel | n -] 0.307

CEMENT can estimate the rheological parameters from rotational
viscometer readings. If the best rheological model (Bingham plastic,
power-law, Herschel-Bulkley) is not known, the program
recommends the best fit to the data.

1N4N30
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[rl Cement 3 - Rheological Parameter Estimation for Field Mud

Suggested Operating Range for PV & YF
B0
3=
=
E 41 /
=] // /P
L 30
o /
=)
220 —= I F Curr. PV
o
T / CI'R
- =
0 / F Curr. ¥F rm
0 5 10 15 20 =
_ —
Mud Weight (ppo)
Rheological Parameters
Hesults:
2 o Flastic Viscozity [cp) 18.50
C b b iad b ht.| 9.5
HiTET e e lped) Vield Point (Ibf/100RZ] 1
E stimate Accept | Cancel

In addition, CEMENT can also estimate suggested operating ranges
for plastic viscosity and yield point. These may be automatically

exported to the Fluids page. Slide
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Efl Cement 3 - Choke Pressure Schedule

Calculation of Choke Pressure to Avoid Free - Fall

X]

Elapsed Time (hour)

200
= GO0 f
=
@ /\/
=
[y
: /
T 400
L
I
S
L)
i
()

200

0
0 200 400 BO0

200

Job Time Choke Pressure | =
[howr] [psi]

1.56 0
| 2 1.56 2
3 1.57 9.
4 1.58 15,
5 1.59 22,
E 1.60 28,
7 1.60 3A.
g 1.61 42,
3 162 48
10 163 B,
11 1.64 1.
12 1.64 B3
13 1.65 74
14 1.6 al.
15 1.67 av.
16 167 94
17 1.68 100.
14 1.69 106,
19 1.70 113

20 1.71 119, =
Accept | Cancel

Free-fall, the U-tubing effect commonly associated with cementing,
can be regulated (or prevented) by applying appropriate choke
pressures on schedule. Here, choke pressures are calculated to
avoid free-fall as the job progresses.

1N4N30
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" Help for CEMENT
File Edit Bookmark ©Options Help

Help Topics  Back Print

U Corterts I% 1”':“3”] & Eea’Chl Bingham-Plastic Fluids

= [ﬂl Introduction Calculation of frictional pressure drop for & pipe or annulus requires

EI Background knowvledge of the flowe regime (laminar or turbulent). Fluid velocity is the
El Mew Features first reguired calculation.

=] General Features

El Thearetical Basis
El Quick Tour Mean fluid velocity iz calculated for flow inzide a pipe and through an

Nean Velocity

El Remaving the Program annulus sz follows.

- [ﬂ] Inpuk Far pipe fiow

El Project Page - .
El Survey Page v=2_443d2
=] Tubulars Page
=] welbore Page
El Formation Page E:L
El Fluids Page 2 448 (i )
El 20 Well Planner Window
=] Units Selection Window
El Menus

+ @ Cukput

For appuiar flow

1N4N30

mean velocity, ftisec

flowy rate, galinin
pipe diameter, in.

+ @ MEI Software 2 cazing or hale 1D, in.

i1 drill string OO0, in.

Critical Reyrolds Numbary

The critical Reynolds number marks the transition from laminar flosw to
%

A complete Online Help System is available. Click [F1] or the help
icon for context-sensitive assistance with program operation,

structure, and theoretical background. Slide
13 of 21
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(E]
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2 Formation - Pip... IZ”E”El

—Job Summary

Compary Mame:

Independent Ol

Compary Mame:

Independent Ol

S000
= ﬁ : ."1,, Froject Mane: Platfarm Alpha OF | | Project Mame: Flatfarm Alpha D
o =m0 ".‘ el Name: Hazelnut H34E el Name: Hazelnut H34E
= s N L Field: Prolific Sands Field: Prolific Sands
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= = = =
C:AMENCEMENT Hazelnut.re3 ' Uritz: Custarn 104242005 10171 A ,;g

After input data are entered, you can immediately view the results.
Several of these output graphs are shown on the following slides. Note
that the graph output can be either versus time (shown here) or
volume pumped.

1N4N30
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D > & « | B

Flow Rate vs Elapsed Tirme
/" Rateln 7 Rate Out

Fah)
\free fall

|

1N4N30

2
Elapsed Time (hour)

E:AMEINCementstest.rc3 Units: Custom 10/242005 11:51 Akd

One output graph shows flow rate over time. The blue line is flow rate
in; the red line is flow rate out. Note the discrepancy between the two

rates during part of the operation. This is caused by free-fall. Slide
15 of 21
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ﬁ File Edit Miew Uklities ‘Window  Help

D > & « | B

Free Fall and Fluid Frontvs Elapsed Tirme

2

Elapsed Time (hour)

E:AMEINCementstest.rc3 Units: Custom 10/242005 11:53 Akd

The length of the free-fall column versus elapsed time is shown
here. Note: this graph can also be displayed based on pumped
volume (instead of time).

1N4N30

Slide
16 of 21



B CEMENT - Wellbore Cementing Model - [Pressure]
ﬁ File Wieww  Ukilities  ‘Window  Help

DFW & | H

Pressure @ 9300, (ft) vs Elapsed Time
s/ Pump  ~ B Hole » Fracture »~ Pore

i
=
qI»
i
=
i
]
qI»
[ —
N

1N4N30

S

1 2

Elapsed Time (hour)

E:AMEINCementhHazelnut.rc3 I rits: Custom 10242005 11:36 A

In this pressure/time graph are shown formation fracture pressure,

bottom-hole pressure (red), formation pore pressure (brown), and
pump pressure (blue). Note that when free-fall occurs, the pump Slide
pressure is reduced to zero. 17 of 21
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D2 | & « | Bl

ECD @ 9300 (ft) vs Elapsed Tirme
~ B Hole /~ Fracture ~ Fore

1N4N30

2
Elapsed Time (hour)

E:AMEINCementhHazelnut.rc3 I rits: Custom 10242005 1137 A

Similarly, the program calculates equivalent circulating density (ECD)
versus time at the preselected depth of interest. This graph can also be

shown with volume instead of time. Slide
18 of 21




®N cement 3 (Forward Circulation) - [Flow Animation] E|

kAL [ft] 1 P Inclination [deqg) Flow Amimation
0 = ———— 1 ———— | [ Beep when pressure iz beyond limitz
Prezzure [pzi] (@ MD = 3300, [f] vs Time [hour]
1000, — Liofa 4000
' 3000 Frac.
o [ Fore
2000 - bR | 2000 o7
1000 Furnp
2000, — 0
I 1 2 3 4
4000. —
e | [
R I T ' i - (L
5000, = SRR R e Cuit Color | Fluid Mame Tpeégg?t — Z
Caoa [ Cant. | Flow Pattern : . = —
Ii native mu .
EI:":ID_ T-r1-F= -7 1 [ T T T | iJ| [ | -“:”:":I 2 d|3 1|:| Z
Time Elapsed (hour) 180 dd 12 —
IR B I Rate In [gpm: 120.0 dds 10. -
#000. = -t rmipe | || [Frate Out fgpm: 1105
AR B HE Free Fall [ft): 2910, Flows Pattern Legend
Purnp Pressure [pzi]: 0| [Flug
8000, — riarairl e ld rale o Larniriar | | | | |
BH Pressure [p=i]: 2114,
R B E Choke Preszure [pai]: 0.|| [Turbulent
q000. - | ionabaoik ]| [POIMD = 9300, (#)
3300 e e % Take Kickl }5q | |[Bottom MD = 5300, [f] | .

The Flow Animation window is a powerful tool for quickly checking
several aspects of job design. The planned operation is simulated at a

speed anywhere between actual time to 2000 times faster. Slide
19 of 21



[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] - [# m
g Fuel Yolume [gal] - 0 <
10 Solid Valume [ft3] - | 0# m
11 Curnulative Production [MSTE) - [ =
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. 200f?21



Thanks for your interest in CEMENT

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. 210f21
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