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Building a Dynamic Process Model
In K-

Spice

K-Spice SimExplorer - Project: OG-Production - Model: OG-Production - 2002-HP-MP-Sep.xdr
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» High fidelity models

» Produced with a sound basis in first-
principles physics, chemistry and
engineering

» Usually a one-to-one
correspondence between an entry
on an equipment data sheet and an

item in the model

» Multiphase Flow Models
(LedaFlow®)

» Control Modules
» Shutdown Systems (C&E)
» Sequences

» Compressor Control Algorithms



Building a Dynamic Process Model
In K-Spice

K-Spice SimExplorer - Project: OG-Production - Model: OG-Production - 2002-HP-MP-Sepaxdr
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Utilizing the evolution of the model and
knowledge throughout the whole Life Cycle

Feasibility
study

Concept
selection

FEED

Production

EPC start

Operation
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Operator Training Simulator

Engineering Simulator K-Spice®Train
[ Flow Assurance N\ [ Engineering Studies A\ ( DCS ) DCS
_ _ Check-out Logic
LedaFlow K-Spice®Design K-Spice®Verify
(

Syvbeﬁza Riser | L {{ )77 P DCS | @ “““ :

— | OPC Link

<----] 4 |

R Flowli @ i

L | /O Database #----- T
~ 7 o (ORC
\§ v

\

g=? KsimIoListAbbItsCom : Select Query
Ksim*ar
NOUT
REMSETZ
REMSET2

ltemMame
Applications.C25_0IL_PROCESS LT_20_0179_Value 100
Applications. C26_0IL_PROCESS.LY_20_0179A_Value 100
Applications.C25_0IL_PROCESS LY_20_01798_ Value 100

KsimTag
¥ | 2010173
| [oon0179a
| ]20m01790

0.001
0.005
0.005

Record: I¢| 4 1 kln |H%| of 3 (Filtered)

\.
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Example of LedaFlow
Multiphase flow in Flowline and Riser 200

Flow Assurance Engineering Studies
LedaFlow K-Spice
Syvzﬁza Riser
B

Flowline

Average Size of; Pﬁ”ﬂ‘ﬁ’ﬁb 0
RN 0.00150
0,00100
0,000500
0,000

ime: 7 720E+01 (s)
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Reuse existing model in decision support

applications
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Engineering Simulator
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Operator Training Simulator

K-Spice®Train

)

—

&

—. : : . [ A\
( Flow Assurance with ( Engineering Studies ) DCS
LedaFlow® : : Check-out
K-Spice®Design ) )
K-Spice®Verify
Subsea
wells DCS [~
. OPC Link
__ n Riser
L_—
‘_ -
Bihs' Flowline /0
Lo- Database
a Ry e
’
’
’
’
’
’
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’
’
’
’
| 4
=1 KsimloListAbbItsCom : Select Query I [x] 5 I
KsimTag KsimVar ltemhlame DataType | StaticValue| Max | Tolerance | Connected
Y0079 NauT Agplications C25_OIL_PROCESS.LT 20,0179 . Value 17 1 o B
[ |200179a  REMSET2  Applications C25_OIL_PROCESS.LY 2001734 Value 12 0 0
ZDWY% REMSET2  Applications.C25_0IL_PROCESS LY 20 01798 Value 12 0 0
[
Record: Ml— b | M {v#| of 3 (Fikered)
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Online Simulator

/
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Production Assurance
K-Spice®Assure

Look-ahead predictions
Slug management
Scraper management
Leak detection

Hydrate prediction
Inhibitor management
Measurement
Reconciliation

Multi-well virtual metering
Production allocation
Sensor validation
Environmental monitoring
Condition monitoring

.

/ Online OTS
K-Spice®Match

J
Model validation
Model tuning

Analysis of process upsets

OTS initialization

Modification studies
7
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Two thermo types available in K-Spice 3

KONGSBERG

200

ThermoTable (CAPE-OPEN compliant)

Generate thermodynamic look-up tables (offline) to be loaded into memory
during initialisation of a K-Spice model

DirectCallMultiflash (Optimized solution for Multiflash)

Using Multiflash in direct calls (Rigorous method), load a *.mfl file during
initialisation of a K-Spice model

Thermodynamics_ Control Panel P — - A . [iE-J
Application: |x’Engineeringx’PrncessModeI -
Thermodynamica Control Panel
Thermodynamic methods
Example' Mumber of methods 3
2 ThermoTable methods :
Ref File name Load status ¥ components  Thermo package
1 Rigorous method 1 mainfluidlstsep.ttb Method load OK 17 ThermoTable
mainfluid2ndsep.tth Method load OK 17 ThermoTable
mainfluidfeeddl.mfl Method load OK 17 DirectCallMultiflash
Fi ITi1 I

25-Sep-14 /10/



K-Spice thermodynamics R
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..how it interacts with the K-Spice simulator

i ™y
Cape Open
TableBuilder
Set:
. Temperatire range
M u Itlﬂash Export CO property package
COCO TEA - Composition
..etc, ‘
QOffline operation
Table method ]
Jr \
Generate thermo tahle(s)
ThermaTable 1 v
ThermoTable 2 \‘
Rigorous thermo method ThermaTable 3 |

ThermaTable ...n

Return to K-Spice:

Flash result

Phase property result g — — — — —

Multiflash dll [~ e ————
(direct call) Send to multiflash dil: K-Spice -—————
[« iti - ————————————
szszztli:]; Mod E|Se rver Each table becomes a specific
ThermoMethod when loaded into K-Spice
Y Pressure
Load .mfl file

Thermotables are used as
basis for the flash and property
calculations in K-Spice

Multiflash *.mfl

25-Sep-14 /117
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K-Spice thermodynamic table builder using CAPE-OPEN KONGSBERG
- Demo 200
« Demo..

» Create a thermodynamic look-up table based on a Multiflash CO
Export file

» Load the look-up table into a K-Spice process model

25-Sep-14 /131



K-Spice thermodynamic table builder using CAPE-OPEN

- Demo

File Control Edit View [Toois Overview Export  Alarms  Help

4 (g Timelines
4 [oB CapeOpenTherm
IE‘ Excel
IE‘ ProcessModel
b (] Models
» [ Parameters
4 [ Conditions
Testhutol)
[E CapeOpen
% CapeOpen
2 CapeOpen

Find Block...
Q View Block...

Graphs

Define Custom Trend...
Open Custom Trend...
Global History Settings...

Highlight Element...

Check Graphic Integrity...

Check Graphic Database
Run Batch Script...
Options...

Table Builder...

enThermoTable/Proce
ﬂ Control | — - —

ermoTableDemoMode

(2] History
(23 Trend
4 [ Graphics

IE‘ CapeOpenThermoTableDemoh

> [C1 Custom Trends
[ McL
a [ Commen
(2] Graphics
(23 Custom Trends
[ McL
» [L0 Recent Graphics
- B Windows
» [0 Workspace
» [ Resources
Shertcuts

Open the Table Builder interface

25-Sep-14
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&= K-Spice Table Builder = 8 =
Fie Edit Tools Help
[ & CapeOpenselector o =0
Source Flash provider interface
Table Neme. [Cape Open 11 interface -
Property package manager
- - | Multiflash Property Package Manager -
) Mol © Mass
compona Py | Property package
| mamFLUIDISTSEPOL CO -
Create new table ] [ Cancel ]
Reference temperature 1. compasition 2. composition
Tempersture Pressure
lK - [ =

Select a CAPE-OPEN Property Package. In this case generated in Multiflash
(mfl-file, MAINFLUID1STSEPO1_CO.MFL)

WORLD CLASS - through people, technology and dedication /14 1/



K-Spice thermodynamic table builder using CAPE-OPEN

- Demo

-
&= K-Spice Table Builder

KONGSBERG

8 K-Spice Teble Buikder

&2 K-Spice Table Builder — d - [E=TEad % ——— e I
File [Edit] Tools Help file Edit Tools Help = soe s =)
- [« K-Spice-Projecs » KspiceCapeOpenDemo » CommonDats <o | 5= 5
Paste 1, composition =& -
= = ———— - @
Sour n ger MAINFLUIDISTSEPDLCO Source Packege:  Multiflash Property Package Manager MAINFLUIDISTSERDL CO P |
Tabd Table Name: [N New-themo tabie 036 I
New-thermo tabie 10010115
Paste temperatures e s e e 2
Paste pregsures
G Ubades |
I Documents
® Mol © Mass \ [ Use secondary composition @ Mol © Mass [T Use secondary compesition b
Compound Aquaus ‘mmpus,m‘: \ 2 compasition 1l Compound Aqueus 1 compos 2. composition Flerame:
e N oeol - |l WATER 0212823] oeo| - | Sove sty i Thamo Table (1) B
MEG | \ 0000005 oeo | Iy MEG 0.000005| 0E0
" METHANOL 0.000005| |
METHANOL | \ 0.000005 0E0 oEof | e o T ra Sve G| |
NITROGEN | =] \ 0004381 oo = ! NITROGEN =] 0004381 0E0|= Reference emperatioe. L e e
CARBON DIOKIDE_| @] \ 0.003308) oea] (I CARBON DICXIDE [&] 0.003308] 0E0 Temperstre ==
METHANE | [@] \ 0430179 oeo | I N METHANE B 0.430179| 0E0 < &
ETHANE | [&] \ 0.041434 0E0 ] ETHANE B 0.041434 QED | . . :““" Aage i‘“ :"""“V-’“."“Q""' oger MAINFLUID STSERO! '_ . )
— S| PP
PROPANE | [&] \ 0.024416 0F0 PROPANE m] 0024415 0E0
ISOBUTANE [&] \ 0.003246 0E0 ISOBUTANE 8 0003245 0E0
BUTANE =] 0007538 oeo] || BUTANE ] 0007535 0E0 s [—
ISOPFNTANF A \_nonisl oen| 7 ISQPFNTANF F 0.0016S arn|™ = e
Reference 1, 272150 | € \2. compasition omaso| ¢ | Reference temperature 1. composition 273150 | € 2. composition 273150 | € z
1l
i Temfm K [l [ Pressur, I Temperature Pressure =
e N T E ) -
o - - - = = = empeee
Minimum = Minimey Q000 bars | e
[ya— 30 € -50.000]C E 0000 bara |
00 Masimum 150 bars
. -42857|C 1.515( bara |
Numser o points )
Number of points oo 35.714]C 3,030/ bara
Inrpalution 8 Linear © Lagarithmic Intergalation B Lineor © Logaritheic -28571|C 4,546| bara
methad -21428]C 6,061/ bara
Preview
Presiew 0.000 bara I -14.286|C 7.576|bara
L N 7143C 9,091 bara
- 2 |} 0.000|C 10.606| bara
I = - I 7143)¢ 12121 bara | ‘
ancel —
p [ cancel | 14.286[C - 13.636| bara =
- = |

Populate data; composition,

temperature and pressure

25-Sep-14

Ready to generate tables

WORLD CLASS - through people, technology and dedication

Save command will start
generating tables in to ttb-file

115/



K-Spice thermodynamic table builder using CAPE-OPEN

- Demo

K-5pice SimExplorer (Engineering) - Project: KipiceCapeOpenDemo - M

KONGSBERG

File [ Control | Edit View Tools Overview Export Alarms Help

i Execution... Gl Application: |/CapeQpenT!

Thermodynamics...

Engineering Units...

Mavi History... [ CapeOpenTherm
Sea Snapshots... |
a g Maodel Map...
1 RunMcL.
Edit MCL...

8@“’ MCL Manager...

Ramping...
Ramp Monitor... pTable 02
apeUpen TRermo ableDemoM

[& CapeOpenThermoTableDemoM
[& CapeOpenThermoTableDemol

[ e —03 7

Thermodynarmics Control Panel . — I ] T % ]
ppli /CapeQpenThermoTable/Process ~
Thermodynamica Control Panel
Thermodynamic methods
Number of methods 3
Ref File name Load status #components  Thermo padl
1 new-thermo-table-100-200 ttb Method load OK 17 TheimoTabl
mainfluidlstsep0L.mfl Method load OK 17 DirectCalllV
[ New3-therma-table-50-100.ttb] Uninitialised 0
< il ] v

Load new methods
File search method

Use file name prefix:

[ Load methads | | Reload methods with different components

Thermodynamic algorithm diagnostic op
No messages when the flow rate is lower than:

Report non-convergence:

Report when the pressure/temperature is outside the valid range: True

Report when bubble/dew point or vapour pressure is outside the valid range: False
Report only first message for any of the thermodynamic algerithms: False
Report system events: False

(L] Histery

"F Thermodynamics Control Panel - — s I D AR N =]
Application: |/CapeQpenThermoTable/Process v
Project com
Thermodynamica Control Panel
Thermodynamic methods
MNumber of methods 3
Ref File name Load status # components  Thermo pac)
1 new-thermo-table-100-200.tth Method load OK 17 ThermoTabl

mainfluidlstsep0l.mfl Method load OK 17 DirectCallvi

2
| 3 [news-thermo-table-50-100.ttb Method load OK ThermoTabli
i B

4 [ ] 3

(2] Trend
4 (] Graphics
o8| CapeOpenThermoTableDemoM
> [ Custom Trends
(3 MCL
4 ] Common
(2 Graphics
[Z2 Custom Trends
{3 MCL
> [ Recent Graphics
> % Windows
> [ Workspace
> [ Resources
Shortcuts

ek

Use the new thermo-table

25-Sep-14

Load the new thermo-table

WORLD CLASS - through people, technology and dedication

Load new methods

File search method Projact common data

Use file name prefix: False

Load methods | | Reload methods with different components

Thermodynamic algorithm diagnostic options

Mo messages when the flow rate is lower than: 0.000000 kg/s

Report non-convergence: True
Report when the pressure/temperature is outside the valid range: True
Report when bubble/dew point or vapour pressure is outside the valid range:  Falee
Report only first message for any of the thermodynamic algorithms: Faloe
Report system events: False

Ready to use the new thermo-table

116/
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