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Weatherford Sendra 2009.1 ‘ Sendra

I In one file/project

V Sendra 2009.1 is a brand new T state of the art i

analysis tool for your SCAL project i Relative
permeability and Capillary pressure

Sendra 2009.1 includes a
an advance plotting optio
entire SCAL projectT se

Sendra 2009.1 can be
check individual expe
revealed relative per
project T commonly fo
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Weatherford Sendra 2009.1 ‘ Sendra

V Sendra is a tailor-made user-friendly core-flood
simulation tool for extensive study of multi-phase flow
experiments

VEully 1 mpl i ci
law and the continuity equé

V Two-phase flow in 1D
V All standard SCAL flow

V All standard Relative p
pressure correlations

Sendra is based on researc

www.sendra.no
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User interface Sendra

e
i Sendra 2009.1 - [Ci/send)

File View Project Edit Tools

B4~

Project Explorer

Menu bar

a/CR-testing/Templates/Sendra 1.10 Linux Templates/Steady-state/Exampledb.cen]

8 X ®| 1.1 Core-A 5im Differential pressure | 1.1 CoreA 5im Oil production

1.1 Core-A Sim Water saturation | 1.1Corey [ Skjzeveland | 1.2LET / Skjseveland |

Soecil Core Analyss Project Elements e ——

4 [ Project SCAL project [ S5R. | s e | o [ knso) | aw = [ 4 |
“ ‘, E_“PE[:'“":::‘“‘S ErEREEIE | | 0.078433 | OAgo203065 | 0.00509799 | 0.0452508 | 0 | 0.00371962 | -0.00484828 |
4 ¢ Setup e e n 1362.803339 0.250000 5.0008g0 3.500000 0.600000 1.360000 1.840000 1.050000

:-_; :""’5‘“‘ ity | Value | | Min | Max | 21.406737 0.247601 5.00437! 3.523281 0.616167 1.350000 2.312299 0.870308
ase permeabil b
@ Initialsaturaton N 5.00469 1 15 2 | 19752592 0.247067 5.005099 3528614 0.619737 1.360000 2.366734 0.872144
Grid I 3.52924 1 15 | 5 | 19.743508 0.247013 5.004675 3.529290 0.519842 1.360000 2.343485 0.876164
-
. ;Tf;s P 0.619834 0 1 4 | 19743399 0.247017 5.004690 29244 0.519836 1.360000 2.345579 0.875824
a I\ Exps Kool 1 B 1o 1 H 0.247017 5.004689 3.5%243 0.613834 1.360000 2.345487 0.875834
é'; Project explorer where
s wcoes [ you administrate your
Set .
‘%3 project and Sendra
8 analyses
® S Saturation values
- Inlet -
& Fuds [ vewe | | mn | mex |
4 A Experimental Data S 0.15 ] 0 1
Ap Core-5 Exp Differential pressure
QE Core-8 Exp Oil production IS"'—I 0.247017 g :
4 ‘ Sendra Analyses
4\ 1analysis
4 A Reference Data — —
a @ Ref: Core-A
Ap Core-a Ref Differential pressure
Y Flcw(g;s:r’:; Ref Ol production Parameters for capilary pressure
4 ') 1.1Corey /Skjeveland Value | | Min | Max | . . A
Ap 1.1Core-A Sim Differentil presaure - = = Work area in Sendra - various tabs selected in the
Q5 1.1 Core-A Sim Oil production w
S5 1.1Core-A Sim Water saturation 4 136 2 i
o e - = 2 project explorer.
g 1.2 Core-A Sim Dlr\‘eregual pressure :” 0‘875835 )
1.2 Core-A Sim Oil production 3 g
‘e o smurten View and content will depend upon tab selection
g 2 Plot
¢ 3. Plot

Properties (Project)
Scal project 1
Customer Access to edit the
Confractor parameters in the
project explorer |

Comments
Date

[ Use individual Swi
[ use individual Sor

| Value I

S 0.15 0 1

|5,zr | 0.247017 | 1o 1

[ Show advanced settings

Ready

[xswmulate] [aaﬁmabe ] [ M reset ] | | | | o |

Remaining SSR Improvement

| 0%

www.send
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- [Ci/tmp/RCL/Templates/Sendra 1.10 Linux Templates/Unsteady-state/Exampleld.zen]

File .\ﬁew Project Edit Tools

Pw B

Praoject Explorer 5 X
Spedial Core Analysis Project Elements
4 G?’ iProject Title ‘Example 1d, USS one rate water injection’

4 @ Experiments
4 mw CorelD #1
4 I Setup
£ Porosity
&% Base permeability
@ Initial saturation
Grid
= Inlet

& Fluids

4 )\ Experimental Data
ﬁlp CorelD #1 Exp Differential pressure V I n p ut p a rt
QE CorelD #1 Exp Oil production
4§ Sendra Analyses
4 1 Analysis
4 /\® Reference Data
4 @ Ref: CorelD #1

A‘p CorelD #1 Ref Differential pressure
QR CorelD #1 Ref Ol production
4 '/ Flow Properties
4 '/ 1L1Corey /Skizeveland
| ﬂsp 1.1 CoreID #1 Sim Differential pressure

Q5 1.1 CorelD #1 5im Oil production

Q5 1.1CorelD #1 5im Water production
SS 1.1 CorelD #1 Sim Water saturation

Sendra V Sendra analyses
Analyses

V Output / flexible plots

4 Yy Plots
o L Plot
oy 2. Plot
o 3. Plot

e Output /
plots

Sendra analysis: ,
Reconciling experimental data

www.sendra.no
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Weatherford Input
| Project Explorer Includes all properties
Special Core Analysis Project Elements availab|e from a two-
4 @ Project a - NAari
4 ) Experiments pa ~ ment
4 m CaseA
4 3 Setup
ﬂ Porasity
Eﬂase permeabilty V Each item can be
Initial saturati .
o edited
¥ Inlet
b Fids V Units can be changed
Al Experimental Data
F Properties (Base permeability) Properties (Porosity)
Base permeability 250.000000

Porosity

www.sendra.no
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Weatherfords  |NPUL T Sseveral cases ‘Se“d"a

File View Project Edit Tools

v
Project Explorer (24
Special Core Analysis Project Elements
4 | Project
4

4 mm Case A
4 3 Setup

G Parosity

& Base permeability

@ Initial saturation

Grid Case A

0 Inlet

L Water

& o

Several experiments/case

N Expermental ata can be inlcuded in one
project

4 @ CaseB
4 2 Setup
G Parosity
e Basze permeability

L Ig::;jal saturation Case B
o V Enables you to
& o . . .
1/ Expermentl Data administrate all cases In

the entire SCAL project

4 3 Setup
G Porosity
& Base permeahility

Initial saturation
g CaseC
@ Inlet
t Water
& o
A/ Experimental Data
‘ Sendra Analyses

X% Plots

www.sendra.no
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Sendra analyses

‘ Sendra

Where you perform the analysis i either
simulation or estimation i based upon the data
given in the upper part of the project explorer

F ‘ Sendra Analyses
4 EE 1 Analysis
a ¥ Reference Data
a B Ref: Core-A
jp Core-A Ref Differential pressure
II::Il=t Cnre—.ﬁ. Ref Qil production

4 _-,g 1.2LET f Sk]aaueland
pre-A Sim Differential pressure

Q5 1.2 Core-A Sim Oil production

55 1.2 Core-A 5im Water saturation

Several correaltions can
be utilized for:

V Relative permeability
V Capillary pressure

www.sendra.no
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Flow properties

‘ Sendra

The correlation for Relative permeability and Capillary
pressure are selected from a drop-down list

Relative permeability:

] Corey
Capillary pressure:
Parameters for relative Sigmund & McCaffery
Chierici
Burdine Min Ma
Tabular representation -
Lo 5 1 inf
£ 1.3 0.5 inf
T 0.8 [l 0.5 inf
.En- 3.5 1 ||'If
E. 1.5 0.5 inf
Ta 0.7 0.5 inf
Ko 0.6 0 1
e COUE
Saturation values
Value Min Max
S 0.15 M 0 1
Sar 0.1 0 1

Relative permeability: [;EI’géy

Capillary pressure:

Farameters for re
Burdine

Bentsen & Anli
LET - imbibition
LET - primary drainage
LET - secondary drainage
ular representation
oy
[y,
33
1.5
0.7

0.6

1

www.sendra.no




<
Weatherford

Flexibility

‘ Sendra

Special Core Analysis Project Elements

4 | iProject SCAL project

4 B Experiments
4 @@ Core-A
4 L Setup
Q Porosity
e Base permeahility
@ Initial saturation
Grid
- Injet
h, Fluids
4 A Experimental Data
ﬂ!p Core-A Exp Differential pressure
QE Core-A Exp Qil production
4 @@ Core-B
4 L Setup
Q Porosity
e Base permeability

& Initial saturation
Grid
0 Inlet

h, Fluids

4 A Experimental Data
ﬂ!p Core-B Exp Differential pressure
QE Core-B Exp Oil production

4 @ Core-C

4 L Setup
Q Porosity
e Base permeability
& Initial saturation

Grid

- Injet
h Fluids

4 A Experimental Data
ﬂ!p Core-C Exp Differential pressure
QE Core-C Exp Oil production

F ‘ Sendra Analyses

endra analy

4 \* 1analysis
a4 % Reference Data
- 8 Ref Core-A
4 '/ Flow Properties
bW/ 1.1Corey [Skjseveland
bW/ 12LET f Skiseveland
4 \® 2 Analysis
a4 \® Reference Data
- 8 Ref: Core-A
- 8 Ref CoreB
4 '/ Flow Properties
bW/ 2.1Corey [ Skjseveland
bW/ 2.2LET f Skiseveland
4 \®* 3 analysis
a4 \® Reference Data
- 8 Ref: Core-A
- 8 Ref CoreB
- 8 Ref: Core-C
4 '/ Flow Properties
b/ 3.1Corey [ Skjseveland
'/ 3.2Corey [ Skjseveland

www.sendra.no
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Plot feature

‘ Sendra

Flexible and easy to

use T anumber of properties can be

€ 9. Plot

D@g

Relative permeability water[frac.]

@ Opacity [] Always on top

—"

a3

aa

-
=1
——

j—

az

\

€ 1Pt

as

.
.
i
¥
'
-
-

plotted and compared

= |(E

Datasets
[] 1.1 5im Relative permeabiity water

-

as

\

[7] 1.15im Relative permeabiity ol

[7] 1.1Sim Capilary pressure

1.1Case A Sim Differentia pressure
1.1Case A Sim Oil production

-
-

a4 X

[7] 1.1Case A Sim Water production
[C] 1.1Case A Sim Water saturation
1.1Case B Sim Differential pressure
1.1Case B Sim Oil production

-

a3

[£] 1.1CaseB Sim Water production
[7] 1.1Case B Sim Water saturation
1.1Case C Sim Differential pressure

a2

1.1Case € Sim Oi production
(I] 1.1 Case ¢ 5im Water production
[T] 1.1Case C Sim Water saturation
[C] 1.25im Relative permeabiity nater

a1

[7] 1.25im Relative permeaity ol
[7] 1.25im Capillary pressure
1.2 Case A Sim Differential pressure

1.2 Case A Sim Ol production

[7] 1.2Case A Sim Water production
[C] 1.2Case A Sim Water saturation
1.2 Case B Sim Differential pressure

Legend [] Markers

az

Water saturation[frac.]

az

a8

as

1.2Case B Sm Ol production

[7] 1.2Case B Sim Water production
[] 1.2CaseB Sim Water saturation

1.2 Case C Sim Differential pressure
1.2Case C Sim Oil production

] 1.2Case € Sim Water production
[7] 1.2Case C Sim Water saturation

Properties Value
Calor
Grid

Line style
1 Markers
Width
4Range

— Solid

LoE
“
ol b

Min 00000000 %]
Max 10000000000 [2]

Min 0.0000000  [%]
Max 300.0000000 [+
X Axis =]
0¥ Axis =]

Data source

il production[em3]

40

Opacity [] Always on top

\\\\\\

RURN

200

—_— .
™

20

Legend
— 1.1 Case B Sim Qil production
— 1.1 Case A Sim Qil production
— 1.1 Case C Sim Qil production
— 1.1 Case B Sim Differential pr
— 1.1 Case C Sim Differential pr

//

— 1.2 Case B Sim Differential pr
— 1.2 Case B Sim Qil production
— 1.1 Case A Sim Differential pr
— 1.2 Case A Sim Oil production
— 1.2 Case A Sim Differential pr
— 1.2 Case C Sim Differential pr

— 1.2 Case C Sim Oil production

Legend (] Markers

200 300 400 500 600 700 800 900 1000

Timeffrin]
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Input wizard

‘ Sendra

Step-by-step wizard is used for proper input

'\../'I ‘ Sendra new core wizard

L2 [

@ ‘ Sendra new core wizard

Page 1 of 4: General information

This page defines the general information of the core

This wizard wil help you to create a new Sendra case

SCAL project:
Customer:
Contractor:
Date:

Core ID:
Depth:

Field:
Structure:
well:
Farmation:

Comments:

Relative permeability for Field A

Cpmpany A

Service Company B

21/05/2009 %]

3456.78

3456.78

Field C

Structure D

234-5/A16-7

Formation E

Project for defining relative permeability for filed applications

[

MNext

| [ cancel

Page 2 of 4: Define parameters

Core properties and performance

Core properties

Length: 25.540000

Diameter: 3.730000

Porosity: 0.256000

Base permeability: 250.000000

Fluid system: [Waher—OiI

Process: [I.rrlbibition

Scenario: [Unshean:h.I state

(C) Constant rate
Constant rate with bump flood(s)
() Constant pressure

() Constant pressure with bump flood(s)

Mumber of rate changes: [ E

Flow direction

Horizontal
() Wertical with injection from top

(7)) Vertical with injection from bottom

www.sendra.no
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Fluid system, Process and Scenarios are well defined

(2

@ € sendra new core wizard Fluid system: |Water-Gil
Water-Oil

Process: Qil-Gas
Cil-Gas with immobile water

Water-Gas Various fluid
ith i bile oil
Core properties Hater-Gas with Immoble o Systems ca“ be

Length: 35. 540000 = [em - @ Constantrate selected
Diameter: 3,730000 =] [em - - ) Constant rate with bump flood(s)
Porosity: 0.255000 {4 [frac - ) Constant pressure

Base permeahility: 250.000000 2] [mD hd () Constant pressure with bump flood(s)

Page 2 of 4: Define parameters

Scenario:

Core properties and performance

Fluid system: [Waher{)il - ]

Fluid system: | Water-Qil

b [T |

Process:
Scenario: [Unsbeady state N - ]

Process is selected

Scenario: Drainage

(©) Constant rate
@) Constant rate with bump flood(s)

(7) Constant pressure

(C) Constant pressure with bump floed(s) Fluid system: [Water—DiI
Process:
Number of rate changes: [ El Scenario:
Unsteady state
Flow direction Steady state

&) Single speed centrifuge
R Multi-speed centrifuge ..
() Constant rate with bump flood(s) Scenario is selected

@ Horizontal

() Vertical with injection from top

() Vertical with injection from bottom (7} Constant pressure

() Constant pressure with bump flood(s)

[ MNext ] ’ Cancel

www.sendra.no
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.... all together four well defined windows

B 12 [

@ ‘ Sendra new core wizard @ ‘ Sendra new core wizard

Page 3 of 4: Define parameters Page 4 of 4: Check your entries
Fluid properties and experimental conditions

Be sure to control the information you have entered
Fluid properties

SCAL project: Relative permeability for Figld A
Core ID; 3450.78
Core length: 25.54 cm

Water viscosity:  0,360000 B [ -]

Oil viscosity: 1.230000 2] [« -]

Core diameter: 3.78 cm

Initial conditions Core porosity: 0.255 frac.

Initial water saturation: 0.150000 E frac. - Core base permeability: 250 mD
Fluid system: Water-Oil

Water injection rate:  2.000000 =] [am3imin - Process: Imbibition

Scenario: Unsteady state

Flow direction: Horizontal

Input table for rate increases

Water viscosity: 0,36 P
Start time for rate burip|water injection ra¥e |Ramp tirffe o
E] Oil viscosity: 1.23 cP
min cm3fmin min

Initial water saturation: 0.15 frac.
4 1

: 1l

Total simulation time: | 5000| min -
Advanced

] compressible fluids

Water compressibility: |0 | |kPa-1

Oil compressibility: [u] | | kPa-1

[ Mext ] [ Cancel ]

www.sendra.no




' .
Weatherford Units ‘ Sendra

Four predefined unit systems are available:

*
‘ Sendra 2009.1 - Options ’ a M
Options Default Unit System
4 Environmen t
Default Unit System
Folders s T
::°”tsm SCAL Imperial
rese SPE Metric
VSl
Pressure kPa
p— VSCAL E
Angular Velocity  rpm u r O p e
Violume cm3 . |
w— VSCAL Imperia
Density gfcm3 .
V SPE Metric
Volumetricrate  cm3/mi
Tension Njm
Fractionality frac.

Each property can define other units se

www.sendra.no



A 4

Weatherord  Benefits by Sendra ‘Se“dra

Unsteady-state Single-speed centrifuge 4 Unsteady-state

PR I S TR W I R B

Equilibrium after =0

i | i i i

| i i i

V Accounting for P, may |
V Simulations may reduce

The experimental performance Is

- JBN interpretation

T T T T T T T T T

> ¢ O ©

Core A
Core B
Core C
Core D

Simulations by Sendra

Core A
O JBN interpretation
P O Hagoort interpretation S Core B
Corey by Sendra 3 Corey by Sendra - = Core C
simulation simulatons | 1 r ..

www.sendra.no
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Vet Used worldwide g Sendra

@ Commercial customer

O  Academic customer
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We would like to make
happy and comfortab
permeability and capille
simu
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