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Integrated Model Optimization

Two-day seminar (Jan. 29-30, 2009 ?).
All CIO participants welcome.

No fee?

Lectures, simple Excel problems.

Introduction to Pipe-It.



Seminar Contents

e Traditional Modeling.
 Model Integration.

e Optimization.



Model

A mathematical representation of a physical
Process.
— Mathematical formulation and IT implementation.
— Model parameters defining a specific case.

o “Simulator” might be a better term.

— Simulator might be confused with “reservoir simulator”
terminology...?

— Model being the particular input data to a simulator for
a particular case.



Traditional Modeling

 Model Types.
— Theoretical.
— Empirical.
— Equation-based.
— Graphical.
— Integer.
— Mixed Integer.
— Tabular (e.g. piece-wise linear).
— Map of model types.
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Traditional Modeling

e Theoretical.

— Based on physical laws.
e Transport.
e Conservation.
« Equilibrium
 Empirical
— Arps rate-decline equation.
— Standing PVT correlations.



Traditional Modeling

 Model Issues.
— Direct Solution.
— Iterative Solution.
— Multi-level lterative.
— Model Parameters.
— Parameter Estimation.
— Parameter Tuning / Modification.



Model Integration

Direct Coupling.

Tight Coupling.

Loose Coupling.

Sequential.

Parallel.

Connectivity.

Nesting, Branching, Looping.




Optimization

Objective (Target, Goal).

— Minimize, Maximize, Feasible.
— Weight factors.

— Scaling.

Parameters.

Constraints.

Global vs Local.

Nested.

Derivatives based.
Non-derivatives based.

Soft “fuzzy” optimization (Bjarne ?).



Introductory Issues

What are we talking about?



Computational

Having to do with numbers.
Number crunching.

Algorithms and numerical methods.
Convergence and tolerance.
Computer programs — software.
Computer platforms.

Computers

Hard numbers, not “soft integration”.



Integration

* Linking together separate elements of a
system.



Holistic

 The value of a system of many elements is
far greater than the sum of the values from
each element alone.

Holistic

A wide-reaching term, designating views in which the individual elements of a system are
determuned by their relations to all other elements of that system. Being highly relational, holistic
theories do not see the sum of the parts as adding up to the whole. In addition to the individual parts
of a system, there are "emergent,” or "arising," properties that add to or transform the mdividual
parts. As such, holistic theories claim that no element of a system can exist apart from the system in
which 1t 1s a part. Holistic theories can be found in philosophical, religious, social, or scientific



Computational Integration — What?

e Linking numbers
* Linking software
* Linking numerical methods

* Linking computers



Computational Integration — Why?

e To study the cause-and-effect of
“controllable numbers” on “other
calculated numbers”.
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Computational Integration — Why?

e To study the cause-and-effect of
“controllable numbers” on “other
calculated numbers”.

— “controllable number” = (e.g.) number of wells.

— “other calculated numbers” = (e.g.)
* Recoveries and revenues.
* Flowline dimensions and costs.
 Number of platforms and costs.
* Net present value.



Optimization — How?

 Numerical Optimization.

— Use automated solvers to change
“controllable numbers” within limits to
maximize one of the “other calculated
numbers”.



Optimization — How?

e Sensitivity & Uncertainty Analysis.
— Statistical.

— Change “controllable numbers” in a systematic
manner to study impact on a collection of key “other
calculated numbers”.



Integrated Optimization — How?

o Computers.



Integrated Optimization — How?

 Build “number-carrying” pipeline layout.



Integrated Optimization — How?

e User interface — GUI.



Integrated Optimization — How?

e Links to all “numbers” — R/W Linker.



Integrated Optimization — How?

 Numerical models — Applications.



Integrated Optimization — How?

 Number-handshaking — Translators.



Integrated Optimization — How?

 Model-orchestrating software — Runner.



Integrated Optimization — How?

e Optimization — Solvers.



Note Title , 1/29/2009

P oo \PR (103D
& Febvovich | (
Pros?er' L.+
(ULA£H
C\o w\f\w\
— T { a,

(P _

620‘04346[1 AF = —:Fw‘(,




FCf ([\ ?P GAS TELDd

Rate Eq\amAwaw (R+T) J

z. 4’ Direet
By + Adye — (R —o S
/! i ks
Tw"t"j Ru‘?”"":” T\EM fP’hMuﬂ PSP
@p) “fe op
A
I g+ s
BxX g AT
i /
G at end platea = G- tp - 0.0
e/
Limp\e M. Baloun ez
£
_ &p
Fc = t’ci <\ 6) \jt&w
~ad o,
D
Reo-

Whak Wpeane od u«oLJ% «l'é\q/\a\wk_@bw?

Nu=le
= \
%w-

qhu)"‘N‘w l

|
. —

£




Clistee

&T_awx\,\g
Pei T
B \
CP“’") | \
\?3% Be

et = f(RECH, Pri)
dge @+ = ool & fzes

——N—""

= Ase
J9e

W



(3.¥62

t |
e i
BN S
Kb
- ’/_’
T Nes [N
Ny =co  wFLEea
PRICE
ro Yy




Max. % dubing IO, 6" ¢ 254 22 (Dittsy

Wuls 30  (E 1) st
Comivn requned v devilep Tip fobd €
C-(*Mm — 4-0‘7[*/0” SM3
Varia,ble/ §

Okj Tovget-= Nw = 30

_ _TE .
6 = %/JV w&*g/ = 5




héGie's
P e W/ o) | MeseL F\-\O\/Ssxls

Yap = BKRE- SALES GAS
l}_{ﬂ *?gw = Z‘wi‘
AR P NGLs ('ﬁ,@@

Pote Bg (R+T)
7-d1" (6) O= E%i + Aqﬁ“‘) ~ (PC,Z—P‘(?Z)

Pe = P (\‘Kﬂ
- r A(\\ wehg r\cle«/\rl"icotJL
A4
é] | J[Dc,‘u *'..’ —— 3
\ | t
GAD
{kh, st A



wo| T 1 >R 4
| kg \ch: AR 6AS
gl’”"' < 0,0
v C NealL I waa | X‘JC
r iRy guEimEEeL
\
——=-l .~ — — e — |
{ }c‘m VENSATE B i
smé/oL | pre

Nl = » C
o i s

—F‘; b C/—Fr;'@b v v

Ta =
TDPL T \ "DP('
\ 2
¥ ERaues (M /Shg
\ _
i Cmg& —23.64
o6 1 ,
—4o L S0 Y\‘j’@ - GCs

loece



U
9
Q
0]
\ )
\ \|] VU
//ll
/ ™ \ 9
N\
o\ N\ )
»l // (l . Q 4
AN A L
N \ et ”
~ \ _
\ N\ M
o I o\ et o $
P 2 LY ) Q)
NV oS
V)
»’.w
o2 ”m
|

uvm,\'




Econowmics. TIN“W\R% ‘bP

Paas = it
PNQ\’ = C—UVLS+
%9\ i L —

tp
Tatal (Rguevw\es = Z @3 } T O-h»ql ' ws;\)

’D"\ copwied. 1l \—uz,
et L 2l i =

NPy = DR — C@—w{.@v— Coans = Cope

- & O

—_—



A

B

RESERVOIR & PRODUCTION PROXY MODEL
Controllable Numbers
Tubing diameter 300 mm
Reservoir rate constant A 1.00E-02 bara2i(Sm3id)
Reference tubing rate const B* 1.50E-09 bara2i(Sm31d)2
Reference tubing diameter dT* 125 mm
Initial gas in place G 4.00E+11 sm3
RF produced per year RF/dt 0.06 14yr
Plateau period tp Blyr D
Initial pressure pci 300 bara
Minimum flowing pressure ptmin 60 bara
Controllable Numbers
Dry gas price Pgas 0.250 USD/Sm3
MGL price Pngl 300JUSDim3
MPY discount factor DF 0.1
Vel base cost Cw 1.00E+08 UsD
Well diameter factor Fw 1.00
Well diameter exponent Ew 3.00
DFC base cost Cdpc 5.00E+08 USD
DPC temperature factor Fdpe 1.00
DFC temperature exponent Edpc 2.00
Infrastructure cost Cinfra 1.00E+10 UsD
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