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v Sendra

« Sendra is a state of the art — analysis tool for your
SCAL project — Relative permeability and Capillary
pressure

« Sendra includes a modern user interface with
advance plotting option. Administrate your entire SCAL
project — several cases and experiments — in one
file/project.

« Sendra can be used for analysis and quality check for
iIndividual experiments as well as analyzing all relative
permeabilities determined within a project — commonly
for a field or a well

www.sendra.no



v Sendra

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

 Fully implicit, black oil formulation based on Darcy’s
law and the continuity equation

« Two-phase flow in 1D
* All standard SCAL flow scenarios

« All standard Relative permeability and Capillary
pressure correlations

Sendra is based on research at IRIS, UiB and Texas A&M.
Commercial since 1996

www.sendra.no
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User interface

IFile View Project Edit Tools
-
SN4=

Project Explorer

Menu bar

r e
b-i Sendra 2009.1 - [C:/sendra/CR-testing/Templates/Sendra 1.10 Linux Templates/Steady-state/Exampl

@ x (]| 1.1Core-A Sim Differential pressure | 1.1 Core-A Sim O production

4 [ Project SCAL project

Spedial Core Analysis Project Elements

S—

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

[ simulate | [ @ estmate | | @ Reset | |

| S5R | sor N | | wween | aw Co | 2
“ " E"Dz"mel‘s ErEyreEE | | -0.978433 | Ohgo2ososs | 0.00509733 | 0.0452508 | 0 | 0.00371988 | -0.00484828 |
™ Core "
4 3 setp Parameters for relative permeabilty [0 | 16280333 0.250000 5.0008g0 3,500000 0.600000 1.360000 1.340000 1.050000
;;' :""’5‘“‘ ity | Value | | Min | Max 21406737 0.247601 5,00437 3.523281 0.618167 1,360000 2.312299 0.870308
ase permeabil
@ Initial saturation e 5.00469 1 15 19.752542 0.247067 5.005099 3.528614 0.619737 1.360000 2.366734 0.872144
Grid I3 3.52024 1 15 19.743508 0.247013 5.004675 3.529290 0.619842 1.360000 2.343485 0.876164
- :
Iy 'I;TLT;S Kl52) 0.619834 0 1 n 19.743399 0.247017 5.004690 20244 0.619836 1.360000 2.345579 0.875824
a A Exp KeoSig) 1 (=] 1o 1 [s |78 Joawmw 5.004689 3599243 0.619834 1.360000 2.345497 0.875834
g g;': Project explorer where
s wcores | yOu administrate your
Set] f
“x2 project and Sendra
8 analyses
®
- Saturation values
- Ilet
b Fads [ vae | | win [ max
4 A Experimental Data S 0.15 ] 0 1
Ap Core-B Exp Differential pressure F
QE Core-8 Exp Oil production IS”(—I 0.247017 0 !
4 @ sendra Analyses
4 \* 1 analysis
4 I# Reference Data *
4 @ Ref: Core-a
Kp Core-a Ref Differential pressure
o me‘i:os::é: Ref Ol production Parameters for capillary pressure
4/ L1cCorey /skjseveland Value | | Min | Max A } l
Ap 11 CoreA Sim Differentil pressure e 5 5 = Work area in Sendra - various tabs selected in the
Q5 1.1 Core-A Sim Ol production i
S5 1.1 Core-A Sim Water saturation A 136 0.25 2 i
4\ DaierSkmvelsnd = : : project explorer.
AP 1.2 Core-A Sim Differential pressure = ’
QF 1.2 Core-A Sim O production As 0.875835 0.25 2
S5 1.2 Core-A Sim Water saturation i i i
. o View and content will depend upon tab selection
Y L. Plot
Y 2. Plot
Y 3. Plot
- _—
[ use individual Swi
[ use individual Sor
[ vee | | win Max
B3 0.15 0 1
Properties (Project) g x |Sa( | 0.247017 I J‘j 1
Scal project 1]
Customer Access to edit the
Contractor parameters in the [T show advanced settings
Comments . I fre
Date project explorer 3 Ready Remaining SSR Improvement

‘0 ‘ 0%
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Project explorer

File View Project Edit Tools

w8

Project Explorer

Special Core Analysis Project Elements

a ﬁ’EProject'ﬁﬂe

‘Example 1d, LSS one rate water injection’

4 @ Experiments
4 @ CorelD #1
4 ¥ Setup
J Porosity
&4 Base permeability
@ Initial saturation
Grid
- Irlet
& Flids
| Experimental Data
ﬁlp CorelD #1 Exp Differential pressure
QE CorelD #1 Exp Oil production

[
-

—1‘ Sendra Analyses
4 \* 1analysis
a /\# Reference Data
a @ Ref: CorelD #1
i\_kp CorelD #1 Ref Differential pressure
QR CorelD #1Ref il production
4 ./ Flow Properties
4 /) 1.1Corey [Skjzeveland
ﬁsp 1.1 CorelD #1 Sim Differential pressure
Q5 1.1CorelD #1 5im Oil production
Q5 1.1 CorelD #1 Sim Water production
S5 1.1CorelD #15im Water saturation

Sendra
Analyses

4 ¥y Plots
¥y 1 Flot
¥y 2. Flot
¥ 3. Plat
¥ 4. Plat

Output /
plots

Well organized:

* Input part
e Sendra analyses

* Output / flexible plots

Sendra analysis:
Reconciling experimental data
for determination k, and P,

www.sendra.no
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Input wizard

Step-by-step wizard is used for proper

‘ New project...

=

‘ Wizard - New project...

(2 [
Project Information Experiment Information UNSTEADY STATE - HORIZONTAL
SCAL project: Field A Core ID: Core A
Customer: Customer A Depth: 3450 Fluid properties
= - Field: i iSCOSi S
Contiactofs  Service Company B : ety Water viscosity: 0.360
Date: Structure: Structure D -
oLiz20mt - O vcosty: 120 S
Comments: Project for defining relative permeability for et 23:5/A8
field applications Formation: Formation E Initial conditions
Initial water saturation: 0.150 + |frac. v
Fluid system: Process: Cooalatate copidtions
4 Phases Water injection rate: 2.000 2|
Water-Oil
Oil-Gas
Water-Gas Input table for rate increases
Drainage
B Start time Water injection rate Ramp time
min X cm3/min A min =
1 1000.000 4.000 1.000
Water-Oil description will be added here... 2 4500.000 5.000 2,000
Core Properties
Scenario: [Unsheady state - constant rate v ] = -
Leagih: 25.000 - _ Time conditions
Flow dir.: [Horizontal v|  Diameter: 3.780 2 Total simulation time: 5000.000
Bump flood(s) Porosity: 0.230 2] [frac. v
o 5 - Advanced
Number of rate changes: 2 |5 2 =
¢ 5 Permeability: 250.000 £ [] Compressible fiuids

[¥] Use Wizard to fillin additional properties

WATER-OIL experiment

Water compressibility; 0.000000e+400

Oil Compressibility: | 0.000000e+00

www.sendra.no



v Input

Project Explorer

Special Core Analysis Project Elements
4 Ef’ Project
4 B Experiments
4 m Case A
4 3 Setup
_; Porosity
*+ Base permeability
® Initial saturation
Grid
¥ Inlet
& Fluids

!/ Experimental Data

Properties (Base permeability)

Base permeability 250,000000

Ak

=
3
]

Includes all properties
available from a two-
phase flow experiment

Each item can be edited

Units can be changed

I Properties (Porosity)

0,200000 »| [hac_ >

www.sendra.no



v Input — several cases

€ Sendra 20091 - [Ci/sendra/files/Templates/Unsteady-state/Example 1d.sen] |
File View Project Edit Tools

NZA=
Praoject Explorer 5 X

 Several experiment/cases

* @ Epine can be inlcuded in one

§ pemecat project
_,. gr.da samraton Case A

A * Enable you to
T administrate all cases in
S i Case B the entire SCAL project

S o0 « Easy comparison of result
among individual cases

www.sendra.no



v Sendra analyses

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

4 ‘ Sendra Analyses
a '\ » 1 Analysis
4 \§ Reference Data
4 @ Ref: Core-A
i';RP Core-A Ref Differential pressure
QR Core-A Ref Gil production
4 '/ Flow Properties
4 ' /LL1Corey [Skjzeveland
ﬁsP 11 Core-ASim Differential pressure
Q5 1.1 Core-A Sim Oil production
G5 d-Core=ASim Water saturation
4 ' JE1.2LET [/ Skjseveland
i.fp 12 Core-A-Sim Differential pressure
Q5 1.2 Core-A Sim Oil production
§5 1.2 Core-A Sim Water saturation

Several correaltions can
be utilized for:

Relative permeability
Capillary pressure

www.sendra.no
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Flow properties

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

Relative permeability: >
. Corey
Capillary pressure: |!
Parameters for relafive Sigmund & McCaffery
Chierici
Burdine Miri Man
Tabular representation
Lo 5 ¥ 1 inf
Eu 1.3 0.5 inf
T 0.8 [l 0.5 inf
is 3.5 1 inf
Ex 1.5 0.5 inf
Ta Q.7 0.5 inf
[ 0.6 o 1
ke D s
Saturation values
Value Mir Max
St 0.15 & 0 1
Sar 0.1 i} 1

Relative permeability: [Lh v]

Capillary pressure:

Parameters far rel

Burdine

Bentsen & Anli :
Min Max
LET - imbibition I
Lo \ LET - primary drainage 1 irf
LET - secondary drainage :
Eu bular representation 0.5 inf
e Tag 0.5 inf
Ia 3.5 1 inf
E. 1.5 0.5 inf
T 0.7 0.5 inf
5] 0.6 0 1
e S i
Saturation values
Value Min Max
S 0.15 F 0 1
Sur 0.1 0 1

www.sendra.no




Plot feature

Flexible and easy to use —a number of properties
can be plotted and compared

1. Plot

Experimental and simulated data
Relative permeability

Saturation profiles

Capillary pressure

Add plot

Datasets

Core A Exp Differential pressure
Core A Exp Oil production

[T] (1.1) Relative permeability water
[ (1.1) Relative permeability oil

|1 (1.1) Capillary pressure !
(1.2) Core A Sim Differential pre... -
(1.2) Core A Sim Oil production
[] (1.2) Core A Sim Water production
[ {1.2) Core A Sim Water saturation
[7] (1.2) Relative permeability water
[] (1.2) Relative permeability oil

[7] (1.2) Capillary pressure

Properties Values
Reset prope...
Color

Grid

Line style No line

> Logaritmic v
> Markers
Width 1 =

> Range

> X Axis

w

Oil production [ml]

Experimental and simulated data

- -
= -
=
]
w T
3
b L
3
o
o o 20 w0 me  mo o me om0 e
Time [min]

aturation profiles

Saturation [frac ]

e

o4 os o5 or oz oz

Core length [frac.]

Differential pressure [kPa]

Relative permeability

Relative permeability oil [frac ]

Capillary pressure

Capillary pressure [kPa]

[

Water saturation [frac.]

Relative permeability water [frac.]

Water saturation [frac ]

www.sendra.no



Flexibility

Special Core Analysis Project Elements

4 E__:«’ Project Title

‘Example 1d, U35 one rate water injection’

4 ) Experiments
4 @ Unsteady-state
4 L Setup

*; Porosity

#% Base permeability

@ Initial saturation
Grid

0 Inlet

b Fluids

4 /| Experimental Data

‘.fp Unsteady-state Exp Differential pressure
QF Unsteady-state Exp Oil production

4 @ S5 centrifuge
4 L Setup

*; Porosity

#% Base permeability

@ Initial saturation
Grid

= Inlet

b Fluids

4 A/ Experimental Data

QE S5 centrifuge Exp Oil production

4 mm M5 centrifuge
4 L Setup

_; Porosity

% Base permeability

@ Initial saturation
Grid

= Inlet

b Fluids

4 A/ Experimental Data

K

endra Analyses

F—

QE Ms centrifuge Exp Oil production

Unsteady-
state

Several experiments/cases

Several Sendra analyses

¥

Single-speed
centrifuge

Multi-speed
centrifuge

F ‘ Sendra Analyses
a '\ * 1 Analysis

F

]

]

]

\$
F |

¥
F]

/#® Reference Data
- B Ref: Unsteady-state

'/ Flow Properties

'/ 1.1Corey /Skjzeveland
'/ 1.2LET /LET -imbibition
2 Analysis
/® Reference Data
> 8 Ref: Unsteady-state
> § Ref: S5 cenfrifuge

'/ Flow Properties

'/ 2.1Corey | Skjeeveland
\/ 2.2LET [ Skjseveland

3 Analysis

/® Reference Data

- 8 Ref: Unsteady-state

- S8 Ref: 55 centrifuge

- S Ref: M5 centrifuge

'/ Flow Properties

'/ 3.1Corey [Skjseveland
'/ 3.2LET [ Skjseveland

www.sendra.no




v Benefits by Sendra

Unsteady-state Single-speed centrifuge 4 Unsteady-state

L ) T T T T T T T T T T T T T T )

Equilibrium after | L
high rate ; F

44444

Simulations by Sendra

3 Core A

O JBN interpretation & , . i
O Hagoort interpretation 1 0F Core B
Corey by Sendra 3 Corey by Sendra ERR: — = Core C
simulation simulations : I Core b

N ' TR SN T NN TN SO SR RN SR S TR | > P SR W N S B

* Accounting for P. may improve k., toward S,
- Simulations may reduce the uncertainty of final k;,

www.sendra.no




v Sendra Worldwide

-r":m
¥
Australasia ¥
& ific

www.sendra.no
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Sendra

A tool suitable for reservoir engineers
as well as SCAL analysts

We would like to make reservoir engineers happy and comfortable when
using relative permeability and capillary pressure for full-field simulations

www.sendra.no



