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3. (Long term) Field planning: effect of plateau rate
and well number on NPV

40

3. Field planning: effect of plateau rate and well
number on NPV

The NPV function:
Where, for year «k»:

Rt

forv = ) Grg o7 Rty = Revenuey, — OPEX), — DRILLEX), — CAPEX;,
k=1

Known issue: There is an optimal production scheduling and drilling schedule that maximize NPV

" acion | Adwnages | Disduantages |

Higher HC rates during Gives higher revenue Gives higher cost

early times (CAPEX, OPEX)

Drill more wells Allows for higher rates, Gives higher cost
extends field life (DRILLEX, CAPEX, OPEX)
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3. Field planning: effect of plateau rate and well
number on NPV

Variation of NPV with plateau rate and number of wells:

Nwelis —» Qoilp —»

Choosing between rocks, hard places and a lot more: the
economic interface

Heige Hove Haldorsan

42

3. Field planning: effect of plateau rate and well
number on NPV

* The field will produce initially in plateau mode, with constant rate and then

decline 5 .
* Constant hydrocarbon price B &
* All wells are pre-drilled and available from start '§ 5,_," -
* Decision variables: plateau rate and number of wells ao —

time

OTC-28898-MS
A Cost Reduction Methodology for Offshore Projects

G. C. Nunes, Ric Petrolec Consulting Group; A. H. da Silva and L. G. Esch, Universidade do Estado do Rio de

43
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3. Field planning: effect of plateau rate and well
number on NPV

CAPEX s = 33056 WEIGH T s +5-10°

: WETGHT, e = 16500+
. —(qm 1)-i  —(m) r+(qpp° 1)
m+i-m-e \%f

(:()A’ GOR GOR )
NPV P m_ i-e D, neg, OCI]+ [00|+ ) v T10.005+ T IO.]{_'I‘.._,. +_\'.,_,:‘]J
rev = Ipf "Fo i-(m+1) CAPEX ., =200n-g, +20-10°
CAPEX .o, =2 44’{)uu+x:sum:+<2|’2f
CAPEX,, =, 1576833+ 430m, b+ 321281,
_ {9ppo 1 ] _ =
p=|—=—1]-— CAPEX , = 22.10° US$/ XTree
Ap.f m CAPEX,, =32-10° USS / manifold
CAPEX, i.,—[ £y + (14 300+1,625 3, |- Cpy
AN o =| e 2 o
CAPEX, 0 = 130-10°
Tppo = Nuette *J * (05 — Puopmin) CAPEX, 3, = nl 5010+ 1, 150 -10°
B,

A=

[N-B .(ca+54+cﬁ)+l! g B - [cw+r:;:}]

Page 116 of compendium
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\ —
The NPV function as a colour plot (function of both plateau rate and number of wells)
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The NPV function as a colour plot (function of both plateau rate and number of wells)
NPV [1E6 USD] NPV [1E6 USD]
4000 | 4000
300 3500 300
3900
g 2000 «Zoom in» §
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i 2500 P
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5200 3200
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Sweet spot: 12 wells and 212 000 stb/d
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4. (Shorter term) Active choking to prevent well
slugging

SPE77650 — Active feedback control of unstable wells at the Brage Field. Dalsmo et al.

47
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4. Active choking to prevent well slugging
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Figure 12: A-21 well test May 11- 12, 2001: Test separator oil rate
[sm¥h]

SPE77650 — Active feedback control of unstable wells at the Brage Field. Dalsmo et al.
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4. Active choking to prevent well slugging
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Figure 12: A-21 well test May 11- 12, 2001: Test separator oil rate

s gf'h] Figure 10: A-21 well test May 2001: Down hole pressure [bar]
m

SPE77650 — Active feedback control of unstable wells at the Brage Field. Dalsmo et al.
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Operator input

Tubing

Annulus

4. Active choking to prevent well slugging

Active Well )
Controller
7

VW

SPE77650 — Active feedback control of unstable wells at the Brage Field. Dalsmo et al.
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Brage Active Well Control Fieki Test (0 hours = 27-Aug-2001 13:21:68)

® ANt eyt bl s
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[
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Figure 20: Test separator oil rate [Sm3/h] and test separator water
rate [Sm3/h] (four hours moving average) corresponding to the
downhole pressure and the choke opening in Figure 18 and

Figure 19 respectively.

4. Active choking to prevent well slugging

Brage Active Well Control Field Test (Day 0 = 24-Aug-2001 07.58.00)

28 285 E) 205 0 305 31
Time [days]

Figure 21: Choke opening [%]. As a test, the well is operated
manually for a period of time, resulting in constant choke opening.

SPE77650 — Active feedback control of unstable wells at the Brage Field. Dalsmo et al.

51



30.03.2020

TPG4230 - Field development and operations Page 247 Prof. Milan Stanko (NTNU)
Optimization types [ty Adany” 3o
1z »—Q' ! VAAITVAA-
-

. . . ~odel
* Parametric (static) — using a model 4~ e

* Dynamic (control) — using a model, physical system, or a

combination of both " ; 3 ~‘. T:t
Optimization problems lLMZ]
louy
* Linear -

* Non-linear

* Integer (es ™ ls)
* Continuous

e Constrained

https://en.wikipedia.org/wiki/Simulation-based optimization

52

Optimization methods

* Simplex M1

* Derivative-based (gradients, i a/;,
hessians)

* Line search/ Trust region —

* Heuristic

53
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Examples

54

Fariable non-negativity: 20, x 20
[ bjective Functione
Maximize daily profit Moz =15x +10x, X2
Constraints:
Wountain bike production limit: E )
Racer production lim t: g &3
Metal finizhing m achine produ dion lim it Ktx, 4
x1
First let's look at the constraints.
Press the Start button to begin
[ T e T ]
http://optlab-server.sce.carleton.ca/POAnimations2007/Graph.html
55
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Simplex
ariable non-negativity: xn 20, x 20
»bjective Functionz
Maximize daily profit: Max z=15x +10x
' ! x2 xl<g2
Constraints:
Mountain bike production limit: nil x2<3
Racer production lim it: xy &3
etal finishing machine produdion lim it: ntrid
xl+x2<4
x1

x1>0,x2>0

Recall the graph of the feasible region from the Acme Bicycle Company
problem. Press the Start button to begin.

—
>>

htto://optlab-server.sce.carleton.ca/POAnimations2007/TwoPhaseGraph.html

56

Branch and bound

Maximize 2 = 8x +ir,
Subject to:
¥ otx LA

QOp +3x, £ 45

3. Xg are integer and non-negative.

Let's look at a graph of the above problem.
Press the Start button to begin.

—
F———

http://optlab-server.sce.carleton.ca/POAnimations2007/MILP.html
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https://jamesmccaffrey.wordpress.com/page/2/

58

x; + Ax is a local extremum if:

Vi(x+Ax) =0

Taken from Arnaud Hoffmann

Newton

59

2500

ELL ||

https://jamesmccaffrey.wordpress.com/page/2/

X + Ax is a local extremum if:
Vi(xy+Ax) =0

Vf(xk) + H .Ax = ( (Taylor expansion)

& & af ]
922 Omdz,  Br0m,
& &y 5 f
H(f) fr,0z) a;g Oz dzy

g &5 a5
| 9,0z,  Ordry

oz

Taken from Arnaud Hoffmann

30.03.2020
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Newton

x; + Ax is a local extremum if:
Vi(x+Ax) =0

V]c(xk) + H .Ax = ( (Taylor expansion)

000

o o 7 ]
4 Bz'f Oz Oza 8z Ozy
= | | o 2 9 f
e i or dzy02) E Oz dzy
500 |I Q}' H(f) 2
LI . .
= . . .
S - P’
a0 S o 2 *r & i
13 - 7 -
5'”:.:\\ __/-""'.u’:l ns ™ L Oeady Oeades och
N_":\_r-"'-- PP
Ax = —H L.Vf(x;,)
https://jamesmccaffrey.wordpress.com/page/2/

Xp41 = X + Ax

60

Taken from Arnaud Hoffmann

Newton

show solution = ||| W

solution method = QuasiNewton

show colors

https://demonstrations.wolfram.com/MinimizingTheRosenbrockFunction/

11
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Nelder-Mead

10

9

0 1 2 3 4 5 6

7

8 9

10

http://195.134.76.37/applets/AppletSimplex/Appl Simplex2.html

EREIRAS

62

Genetic algorithm

generation I

population
surface
view

color

Rastrigin sinc exp Rosenbrock
2D 3D

gray hue

20

https://demonstrations.wolfram.com/GlobalMinimumOfASurface/

63

12
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Pattern search
Ly
0.5
0
-0.5
l
5205 0 05
d
https://en.wikipedia.org/wiki/Pattern search (optimization)

64
Piecewise linearization x [ [
9: $(x) P i r ] (09):
’ S ot e | v b yetes,
Prece-wit Livear X3 ‘_')}
-——-—-Aa‘m‘. nol\-lrn-r x“: ‘j\‘
b xg ' Js 9% %4 (33 -Jin Y
K]‘Xig.

% “x
X

*a wwil' W‘\:j “i ““ ((Ojlbt ofw.‘w) “r Con 0)&,“’ wark

3

Y °

65

13



30.03.2020

TPG4230 - Field development and operations Page 254 Prof. Milan Stanko (NTNU)

Piecewise linearization [
y 1 Xz X, 44 % kX by s Xs

("5135)
(Xb\ b: Z, 5. "’%L b; 4 1‘333 + 2‘1314 2535
' (
3 »; ( f f
(m‘ol,) 6‘) ’) | 2 U a SoS2 sk adacencyy oo dcbon

o) Ru=l 1 ire oy in

A Wb X is > ot <t (-1 a- b #0

66

Handling constraints

* Lagrange multipliers
 Barrier functions

67

14
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Handling constraints

* Lagrange multipliers
* Barrier functions

68

Lagrange multipliers example: Constrained gas-lift
optimization (single well)
ot wariwe—
jﬁv = ‘[(A&ﬂ) cewle (ﬂvy—\sg {\«-«,Lo\
% € Tgenl Lag) = 10) - X (435~ Fomt) % P
%5e;
441(15-«;) A zo 9 "t"@"‘i);A .
A Siay A%ens
" % ! "wo .\ourﬂ 4
shidd b AyO — ==
(g - G50;) =0 Yo L O
P, (qswm I™i
M)
ﬂgu‘qi S'ﬁ'jmm_ g ,[55“1 -
qgc.i C 15,,,,'_

69

15



30.03.2020

TPG4230 - Field development and operations Page 256 Prof. Milan Stanko (NTNU)

Lagrange multipliers example: Constrained gas-lift
optimization (single well)

® Moo

) (1§tom - k“‘]‘ Y
a‘{m‘u: k“"i

%._"i)— N % //—\
A% '

70

Lagrange multipliers example: Constrained gas-lift
optimization (multiple wells)

H .
q; = a{(ﬁth C'N" wl[‘\ . M : N2
ey L p) )) 3 L(ﬂse‘\i): ?“;(13“..‘) - ) ({2:143"] - 45 IOW-)

N
O %5 S Hom
it : ) MARIML—~— 1S achve. when VL:OQ _Q_L;_:o

&nwb with "'xll(/* b t'i," aaSMJ '
A  nao o b))
2 % 2 %5;

M
X0 N (ﬂs'mm - Z' ﬁ“i) =0 A5 Y é %

()

71
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Lagrange multipliers example: Constrained gas-lift
optimization (multiple wells)
wo
L possible solofns 2, @ A= o t_Z'a‘i']' <Bom beee 35 oomh 5

<9

'Lf -\ll, Mu& ‘o k T"&v AR MU~
?*{:_("‘5'3) -0
2 %
N
® N0 all gey 1 wied s Vo = A5 r0m
(]
all walls wu °p¢M‘t of e sone Jnj»di!

?1[;(%5'5)_)
o PR
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Handling constraints

* Lagrange multipliers
* Barrier functions

73
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Handling constraints: barrier functions

‘ o i ok )

,((:)1 x> ! x<b
&) ﬁ

IOYRIA o x>l

o ‘oﬂ\‘b’t k) :/‘l %(x-‘,)

/C\‘_’ * w1y sl ke

74
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