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Course material:
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Agenda

. Introduction to production optimization
—  Practical meaning
— Time scales
— Model-based optimization
— Types
Example: two gas-lifted wells
*  Exercise: two gas-lifted wells
* Discrete variables
—  Exercise: routing 5 wells to 2 separators
*  How do solvers work?
*  Multi-objective optimization
—  Constraint method
— Linear scalarization
. Effect of uncertainties
*  Proxy modeling using tables
—  Example: Gas-lifted well
*  Proxy modeling using NN
—  Exercise in python
* Limitations and pitfalls of production optimization
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Production optimization — what is it?

A
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Examples of «production optimization» %

* Detect locations in the system with abnormally high-pressure loss and
flow restrictions
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Examples of «production optimization»

 Verification of equipment design conditions vs actual operating

conditions
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Examples of «production optimization» %

* |dentification and addressing fluid sources
that have “disadvantageous” ﬂ
characteristics (e.g. high water cut, high
H.S content)

* |dentify and correct system malfunctions
and unintended behavior

* Analyze and improve the logistics and
planning of maintenance, replacement

and installation of equipment or in the
execution of field activities.
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Production optimization — what is it? %

* Review the occurrence of
failures and recognize
patterns (data analytics)

 Calibration of
instrumentation

* |dentification of operational
constraints (e.g. water
handling capacity, power
capacity)
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Production optimization — what is it? %

* |dentify bottlenecks

* |dentifying and
monitoring Key
Performance Indicators
(KPls)
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Production optimization — what is it? ‘I/ %

* Find:
* Control settings of equipment
» System characteristics (design)
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Production optimization — what is it? 3:/ %

* Find:
* Control settings of equipment
» System characteristics (design)
* That:
* Give a production/profit higher than current
e Give maximum production/profit possible
* Improve a KPI
* Maximize a KPI

®@NTNU



Production optimization — what is it? 3:/ %

* Find:
* Control settings of equipment
» System characteristics (design)
* That:
* Give a production/profit higher than current
e Give maximum production/profit possible
* Improve a KPI
* Maximize a KPI
* Using:
* Model
* Real system
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Production optimization — what is it? 3:/ %

* Find:
* Control settings of equipment
» System characteristics (design)
* That:
* Give a production/profit higher than current
e Give maximum production/profit possible
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* Using:
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Production optimization — what is it? 3:/ %

* Find:
* Control settings of equipment @
 System characteristics (design) o
e That: il

* Give a production/profit higher than current
e Give maximum production/profit possible
* Improve a KPI
* Maximize a KPI
* Using:
* Model
* Real system
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Time scales of production optimization

____longterm | Shortterm | Shorterterm __

* Years, months e Daily, weekly e Seconds, minutes,
hours

@ NTNU



OPTIMIZATION TIMESCALES
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Time scales of production optimization and models

____longterm | Shortterm | __Shorterterm ___

Years, months Daily, weekly Seconds, minutes, hours

-Transient/steady state

-Models are highly -There is data to tune -Model/real system
uncertain (limited data) models

-Models are typically -Models are typically

transient (reservoir steady state (network,

model) + steady-state well, processing plant)

models
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Integrated asset modeling

OLGA /
LedaFlow
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Model-based production optimization
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Ensuring fidelity in model-based production
optimization

Production network

Production network (Numerical model)
(Physical system) &
Tuning constants
I 1 frrnni . H
RN and properties Predicted
SRR with uncertainty output
BEEEEE
I 11 10 0 1
e
PN Measured
output Data assimilation
Sensors > . ——
algorithms
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Model-based production optimization workflow
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Time scales of production optimization and examples

____longterm | ___Shortterm __| __ Shorterterm __

-Find: -Find: Choke opening, -Find:

-well placement, well gas lift rate, pump -Control choke
rates, field development frequency opening, gas lift rate,
strategy -That: control valve position
-That: -Maximize oil -That:

-maximize recovery  production, condensate -Maximize
factor, NPV, reduce production, gas production, revenue,
water cut and GOR production, revenue reduce and mitigate

fluctuations
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Optimization types

* Parametric (static) — using a model
* Dynamic (control) — using a model,
physical system, or a combination of

both

[F@%] Flow Smoothing with Buffer Tank
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Optimization types

* Parametric (static) — using a model @ Milan

* Dynamic (control) — using a model,

physical system, or a combination of
both
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Optimization types
* Parametric (static) — using a model
* Dynamic (control) — using a model, @
. . . Alexey
physical system, or a combination of

both
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Example: two gas-lifted wells
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System description
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System sketch (2 wells to one separator)

®@NTNU



Brute force solution
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Color map of total oil production versus gas lift
rates

qo_total [Sm3/d]

qg_inj well 2, [1E03 Sm3/d]

qg_inj well 1, [1E03 Sm3/d]

@ NTNU



Contour lines of total oil production

qo_total [Sm3/d]
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Constraints in available gas
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Effect of constraints

qo_total [Sm3/d]
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Maximizing profit instead of total oil production
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qg_inj well 2, [1LE03 Sm3/d]

Maximizing profit instead of total oil production
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Exercise: optimization of two gas-
lifted wells
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Equation for gas lift performance curve
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Discrete variables in production
optimization

Exercise: well routing to
separators
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System sketch
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Estimating number of combinations
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How do solvers work?
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Optimization methods

* Simplex (linear problems)

* Derivative-based (gradients,
hessians)

e Line search/ Trust region

* Heuristic
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N eWtO n x; + Ax is a local extremum if:
Vi(x, +Ax) =0

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

Stanko (2019)


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

N eWtO n x; + Ax is a local extremum if:
Vi(x, +Ax) =0

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

x; + Ax is a local extremum if:

Vi(x, +Ax) =0

Vf(xk) + H . Ax = () (Taylor expansion)
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Xk+1 = X + Ax
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Newton smowsontion BRI

solution method | QuasiNewton >
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https://demonstrations.wolfram.com/MinimizingTheRosenbrockFunction/

Estimation of gradient — analytical
estimation
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Estimation of gradient — perturbation
method
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Pattern search

Stanko (2019) @ NTNU


https://en.wikipedia.org/wiki/Pattern_search_(optimization)
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Evolutionary algorithms (e.g. GA)
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Multi-objective production optimization
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DEFINITION

* More than one optimization objective (KPl), e.qg.
 Qil, condensate or gas production
« NPV
« Equipment efficiency
* Energy consumption
 Downtime
* Maintenance cost
« OPEX
« CAPEX
« CO, emissions
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COMPLEXITIES

« Techniques are usually developed for optimizing one
objective
* When an objective is optimal usually all rest
are not
- How to combine all objectives into one?
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COMPLEXITIES

« Techniques are usually developed for optimizing one
objective
* When an objective is optimal usually all rest
are not
- How to combine all objectives into one?

« Conflicting (non-trivial) objectives
« High revenue - more energy usage
* High rates - more equipment failure
* High production = more CO, emissions
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APPROACHES - CONSTRAINT METHOD

« Set most important KPI as objective

« Set the rest as constraints.

« Define an acceptable level for the constraints

* Run the optimization and evaluate results, adjust
levels as necessary

min f;(z)

st. ze X
filz) <eforie{l,...,k}\{j},
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Slide 59

APPROACHES - LINEAR SCALARIZATION

* Normalize the KPIs with reference values
« Create an objective function that is the weighted sum
of all KPIs

* Run the optimization and evaluate results, adjust
weights as necessary
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Slide 60

APPROACHES - LINEAR SCALARIZATION

* Normalize the KPIs with reference values
« Create an objective function that is the weighted sum

of all KPlIs

Be careful with the signs!,

min E W; fz squari-ng might. be needed,
xeX changing the sign or
1=1 inversion

* Run the optimization and evaluate results, adjust
weights as necessary
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PARETO FRONT
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PARETO FRONT

Pareto front
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PARETO FRONT
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Effect of uncertainties
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Proxy modeling
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Proxy models
Interpolation on tables
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Principle
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) output1

Input 3
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Principle
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Input 3
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Principle
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Principle
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Principle
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Principle
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Example: Well tubing tables from PROSPER

]

WHFP

Oil rate

p—) Fore

GOR




Design  Stimulstion Output Units Wizard GAP  Help

Example: Well tubing tables from PROSPER

File Option: PVT System Matching Calculation

DleE]| ] &%)
EEENE | v inpuT DATA [ipe DATA ]
et PVT 15 MATCHED. Reservor
: et acicil, LRSS n°3 ‘KalacxasiATanq
N | et g parstorcngle-Stage Reservor Fuud Water and O1 3] M ting-Brons
| geparatoroin Fiuid Model Black Of Parméki Rennctn Madsl o
i v arae Daable W Separator Sngle Stagf e Permeabiity No
| Water VicostyL /52 Defauk Carebation Solon COR 800.0 {sm Randf IR SIS 20000 gg'g)F)
! Water VapourNo Caiculabons o Sy 3700 )
| SRR s R ater Salnky 23000 "3 Total GOR 800.0 Sers ST
A B ohved Ges ModaNo Dsolved Gas. Mole Percent H2 0 {percent 1144318 ST ’
! e eriaio Prasske Caracrn """g Percent Cﬁg S {reccent Formation P1 (No Skn) :8.49 ST6daylps)
Steam opuonNc Steam Calculations Pb, RS, Bo Correl Glaso, P! Pérforation o
Flow Type Tubng SPusess cmrelatmn 2 et al Damage Skin
Wel TYberoducer BT Marched vee o Penetranan Skn
i LiftNone Usorepes ve® Deviaton Skin
Lt Type
Predictngpressure and Termperature (offshore)
Temperature Mod Ruugh Approximaton
RangeFul
Comy d ¥E a0
sand Cantraloravel Pack
Inflow TypeSingle Branch =
Gas Coninghlo
Compam) =7
el 7
Location E ™
Wel
e j -
a
Date 14.08.2011 B 5
]
o
o
B EEE
Rae (STE/cmy)
T RIS I ' Prosper (32bit) 15.0
Deviation Survey Inflow
IPM V11.0 - Buid # 160 - Jan 7 2019
System
Surface Equipment St
wvip

Downhole Equipment

Geothermal Gradient

Average Heat Capacties

Gauge Detais

XESENENEIXES

Choke Performance

Tubing Correlation Comparison
PipeLine Correlation Comparison
Gradient Matching

VLP/IPR Matching

Pipeline Matching

Generate for GAP

BHP From WHP

XXX UXEXEXEXE S XX
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Example: Well tubing tables from PROSPER

W3 VLP (TUBING ALCULATIO ell1A 7 O
‘ Done ‘ | Cancel ‘ ‘ Cases | | Callate ‘ | plot | ‘ Export Lift Curve ‘ ‘ Export | | Help ‘ | Generate | ‘ Save Resuts ‘ ‘ Transfer Data ‘ | AP |
Top Node Fressure, psia ligudRate  OlRate  WaterRate GasRate  VLPPresswe| WelHead | WelHead — FirstMode — dPFricton P Gravity | TotalNoSlp  Erosional | CFacter | Maximum  ErosionRate | Corrosion | Erosionl
Pressure | Temperature Temperature Velodity Velocity Grain Rate Velodity Flag
Water Cut|0 percent pant T
ain
Total GOR 800 scf/STB
Surface Equipment Correlation Beags and Bril (STB/day)  (STBJday)  (STBday) (MMscFiday)  (psia) (psia) (degF) (deaF) (psi) (psi) (ffeec) (Ftfeec) (inches) (0.001 (0.001
Vertical Lift Correlation Petroleum Experts 2 1.03 1.01 110 100 0 0.07 B13.20 200 416084 416084  0.086235  2613.21 056982 14443 156426 0.0032735 Na
Rate Method) User Selected 2 13017 13017 0 0091123 (261388 |200 420942 420042 014071 241374 073791 144691 | 2.03997  0.0038838 No
Rate Type Liquid Rate
Firet Norde| 1 X Tree 600 (Feet) 3 159958 169958 O 011852 |2390.72 200 427294 427294 025104 2190.47 096782 145235 2.66554  0,0047382 No
Last Node 8 Casing 9275 (feet) 4 220594 220594 0 015492 2093 200 43,543 435936 048479 189251 126117 14531 3.47168 00059588 No
Indude Sand Contral Pressur... No
5 8716 28716 o 020101 | 1842.9 200 446084 446084  D.85156 164204 | 164448 145431 452305  |0.0074235 No
PES Stabiiity Flag No
e — 6 373814 373814 0 026167 165436 200 45.9926 459926 142577 145292 214994 145574 5.89374  0.0094985 No
point Liquid Rate A 7 486616 486616 O 039083 150113 200 47.792 47.792 232833 129879 (280059 145793 | 7.68376  0.012184 No
(sTB/day)
8 63348 63348 O 044392 |1399.08  |200 50.1319  50.1319  3.7293 119531 |3.66152 146,109 10,0241 |0.015807 No
1 100
2 130.176 9 824611 824611 O 057723 |1396.36 200 53.1748  53.1748  5.83527 119046 (479514 146,548 13.0882  0.020728 No
e 169,458 0 107345 107345 0 075141 #0102 200 574311 571311  9,15553 119175 6.2029 147.143 17.1060  0.027313 No
4 220,594
. o 1139737 139737 0 097816 | 1410.05 200 62.266 62.266 143799 119548 |8.27971  147.93 223382 |0.036534 No
6 373814 12 1819.04 181904 0 127333 1¥2477 20 58.8836  68.8836 22606 120183 109267 148946 29.3492  0.049778 No
7 86.616 13 2795 23795 0 165757 144126 200 77.2505  77.2505 355421 120513 (144667 150211 38523 0.069185 No
8 633.458
. Py 14 308251 308251 O 215776 148155 200 87.4555  B7.4555 559552 122457 192082  15L703 | 50.6467  0.097991 No
10 1073.45 15 401269 401269 O 250888 |1543.05 200 95,2851 99.2851 877619 1253.48 255467 153339  66.6409  |0.14169 No
1 1397.37
16 52235 52235 O 365649 163802 200 112216 112216 137195  1207.68 339674 154972 87.6730 | 0.20008 No
12 1819.04
. P—— v 17 679933 679983 0 475988 178171 200 125,557 125537 213179 1363.03 450327 156394 115178 | 0.31355 No
5 £ Senatuiy Cases (10 10 x 10 = 1000 coses ] — || 18 ssurs sz 0 619622 199174 200 138,531 138531 327076  1455.15 593583 157.373 150873 |0.47759 No
o T o ) (B @ 7o) (= EL 19 115228 115228 0 8.065 28148 200 150.619 150613 493.381 1581.89 77.5218 157,629 196.72 073831 No
& 2- (Top Node Pressure=200) (Gas Oi Ratio=700) (Water Cu
3 - (Top Node Pressure=200) (Gas Oil Ratio=700) (Water Cu 20 15000 15000 o 10.5 2706.2 200 161.425 161.425 734.369 1744.69 998259 156,775 254,696 1 No
0) (Water Cu

5 - {Top Node Pressure=200) (Gas Oil Ratio=700) (Water Cu
i~ dh 6 - (Top Node Pressure=200) (Gas Ol Ratio=700) (Water Cu v
< >

[
& 4-(Top Node Pressure=200) (Gas Oil Rati
[
&

= ]
H ~— Case 1 (Top Node Pressure=200) (Gas Oil Ratio=700) (Water Cut=0)




Example: Well tubing tables from PROSPER

B SELECT VARIABLES (WelllA.out) O x
| Dane | | Cancel | | Main || Help | | Reset All | | Combinations |
Variables Variable Data
Top Mode Pressure
ﬂ op Mode Pressure - i
2 |Gas GilRatio -] = | Reset |
3 [water cut e ) R | Generate |
ﬂ| j 2 622222 | Clear Data |
3 10444
s =
4 1466.67
ﬂ' ﬂ 5 |1388.89
7 = '
— 6 231111
i' j 7 | 2733.33
ﬂ' ﬂ 8 3155.56
E| ﬂ 9 357778
10 4000
11
12
13
14
15
1e
17
18
19
20
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Example: Well tubing tables from PROSPER

7 VLP (TUBING CURVE) CALCULATIONS (Well1A.out) (Matched PVT) o X
[(oone | ‘ Cancel ‘ ‘ Cases ‘ ‘ Calaulate | | Blot | | Export Lift Curve | | Export | ‘ Hel | ‘ Generate ‘ | Save Results ‘ ‘ Transfer Data | | AP |
Top Node Pressure psi LiqudRate = OlRate | WaterRate = GasRate |VLPPressure| WelHead = WelHead | FirstNode = P Friction | dP Gravity | TotalNoSlp  Erosional CFactor = Maximum | ErosionRate  Corrosion  Erosional
Pressue | Temperature | Temperature Velodty | Velogity Gran Rate | Velocity Flag
Water Cut 0 percent T
Paint
Total GOR. 800 scf/STB
Surface Equpment Correlation| Beggs and Bril (STBfday) | (STBjday) | (STBfday) | (MMscfiday)  (sia) (psia) (degF) (degF) (psi) (psi) (ffseq) (ftfsed) {inches) (0.001 (@.001
Vertical Lift Correlation Petroleum Experts 2 1.03 1.01 1o 100 0 0.07 813.29 |20 416084 416084 |0.086236 251321  0.56462 14443 156426 0.003273 No
Rate Method| User Sclected 2 130.176 130.176 0 0.091123 2613.88 200 42,0942 42,0942 0.14071 2413.74 0.73791 144.691 2.03997 0.0038838 No
Rate Type| Liquid Rate
FirstNode| 1 Ymes Tree 600 (Fect) 3 16945 (189458 0 o162 23072 |20 427244 42724 (0.25104  2190.47  0.96782  145.235 266554 0.004732 No
Last Mode 8 Casing 9275 (feet) 4 220.594 220.594 0 0.15442 2093 200 43.5436 43.5436 0.43479 1892.51 1.26117 145.31 3.47168 0.0059588 No
Indude Sand Control Pressur... No
5 W16 W76 0 020101 18423 200 446084 446084 (0.85156 164204 | LG4B  145.431 452305 0.0074235 No
PES Stabilty Flag No
T 6 3mAw  (ImEmM 0 026167 16543 200 459926 459926 142577 145292 214494 MS.574 589374 0.0094%89 No
Paint Liquid Rate @ 7 486.616 486.616 0 0.34063 1501.13 200 47.792 47.792 2.32833 1298.79 2.80059 145.793 7.68376 0.012184 No
(STB/day)
3 633458 (63348 0 044342 13908 |20 04318 (50,1318 37293 19531 366152 146,108 100241 0.015%07 No
1 10
2 130,178 9 s4s511 (824811 |0 057728 139636 200 53,1748 (531748 583527 | 1190.% 479511 146548 13.0882  0.020728 No
E 168.458 10 107345 107345 0 0.75141 140102 200 57.1311 571311 |9.15553 119175 6.2929 147.143 17.1063  0.027318 Mo
4 220,594
. i 119737 (1973 0 097816 | 1410.05 |20 62,266 62,266 %37 1954 8271 147.93 22382 0.0%5M No
[ 373.814 12 1819.04 1819.04 0 1.27333 1424.77 200 68.8836 68.8836 22.606 1201.83 10.9257 148.946 29.3442 0.049778 No
7 86,618 13 2%7.85  |2%795 0 165757 144126 200 772505 |77.2505 355421 120513 (144667  150.211  33.5236  0.063185 No
: 633458
. Py 14 :;s251  (3;E25t 0 215776 18155 200 574555 |87.4555  |S5.9552 122457 | 19.2082 150703 506467 0.097991 No
0 1073.45 15 491269 401269 0 250885 |1543.05 200 59,2851 |99.2851 (877613 125349 2554967 153339 666403 0.14169 No
s 197,57 1 5223.5 (52235 0 365649 153802 200 2216 112216 (137195 129768 339674 154972 87.673%  0.20906 No
2 1319.04
= 267,95 v 17 679.83 (67983 0 47588 17BLTL |20 25537 125537 (213079 136303 450327 15394 15178 0.3135 No
— || 18 |ssst7s  sesiis o 619622 199174 |20 138531 138531 (32707 145545 59.3%83 157373 150873 047753 No
19115229 (11529 |0 5.066 29148 |20 150613 150.618 (493,381 158183 7R.5218 157.623 13672 073831 No
20 15000 15000 0 10.5 2706.2 200 161.425 161.425 734.369 1744.69 99.8259 156.776 254.696 1 No
i [ £ [
0) (Gas Oil Ratio=700) (Water C v
- ) (Gas Oll Ratio=700) (Water Cu 5 ”— Case 1 (Top Node Pressure=200) (Gas O Ratio=700) (Water Cut=0) ‘
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Example: Well tubing tables from PROSPER

7 VLP (TUBING CURVE) CALCULATIONS (Well1A.out) (Matched PYT) u} X
[ ctate | [ ewortuficune | [[eew | [ senerate | [ saverests | [ memsterpe |
Top Node Pressure psig LiquidRate  OiRate  WaterRate GasRate VLPPressure WelHead | WelHead —FistMode —cPFricion | P Gravity TotalNoSlp | Erosionsl — CFactr | Maximum  ErosionRate | Corrosion | Erosional
Pressure | Temperature Temperature Velocity Velodity Grain Rate  Velocty Flag
Water Cut 0 percent T
Point
Total GOR 800 scf/STB
Surface Equipment Correlation| Beags and Erill (5TB/day) =~ (STB/day)  (STB/day) = (MMscfiday) (psig) (psig) (deg F) (deg F) (psi) (psi) (ft/sec) (ftfsec) (inches) (0.001 (0.001
Vertical Lift Correlation Petroleum Experts 2 1.03 1.01 1 100 a9 1 0.0523 2983 2 41789 417898 D.076605  2759.75  0.48442  |133.296 145366 00031515 No
Rate Method User Selected
o ey e 2 10476 115857 143194 0081 B1343 W 42324 423244 012223 261331 0.6657 136,95  1SH3B  0.0037617 No
Rate Type Liquid Rate
FrstNode| 1mas Tree 600 (feet) 3 169.458  150.818 186404 010557 259822 200 43.02% 430296 D.21882 2398 087479 | 137.603 254295  0.00%151 No
Last Node 8 Casing 3275 (fest) 4 20504 196329 24.2653 013743 2312 200 439398 439398 041820  2137.7 114017 |137.687  3.31234  0.0057147 No
Indude Sand Control Pressur... No
5 28716 255573 315876 0.1782 21114200 45.118 45.118 074225 191033 1487 137816  4.3158 0.0071734 No
PES Stabiity Flag No
RS 5 373814 332694 411195 023289 159168 200 466550 45.6599 126333 1680.4 194014 |137.973 552468 0.0090713 No
paint Liquid Rate @ 7 485516 433.089 535278 D.30316 171493 200 48.6555  48.6555  2.09277 151282  2.53425  |138.21 7.33453  0.011634 No
(5TB/day)
8 633.458  563.778  69.6804  0.39469 158875 200 512588 512558  3.39182 138532 31512 138.547  9.57111  0.015113 No
1 100
2 130.176 9 824511 733903  90.7072  |D.51373 153478 200 548373 546373 5.39024  1329.33  4.3445 139.012 125011  0.019751 No
3 169458 10 1073.45 955367  118.079 0.66876 1532.18 200 59.032 59,032 8.49309 1323.59 5.70645 139.637 16.3466 0.026088 No
4 220,594
s 8718 11 1397.37 124366 153711  |0.8705 15339 200 647255 647255  13.4182 132031  7.51504  |140.458 214044  0.034887 No
6 373.814 12 1819.04 161895 200094 113326 154185 200 72002 720202 211962 |1320.35 993086 | 14L507  28.0716  0.047581 No
7 486.616 13 237.95 210748 260475 | 147524 1559.84 200 811299 811299  33.4509 132588  13.1638 142794  36.6749  0.066011 No
8 533.458
. s2a611 14 308251 274343 339076 | 19204 1588.34 200 920322 920322 528814 133455 17494  |14428 485018 0.093587 No
10 1073.45 15 4012.68 357129 441395 249991 154614 200 104382 104382  83.1839 135137  23.2783 (145869  63.8332  0.13534 No
1 1397.37
16 5223.56  4648.97 574592 (325428 173799 200 17.55  117.55 130,416 14048 30,9437 147404 639698 0.20003 No
12 1819.04
P 2357.95 v 17 6799.83 605185  747.981 423629 187624 200 130.83 130.83 202509 |1468.89  40.9987 148711 110278 0.30158 No
o Sermitvity Gaoes (10 x 10 x 10 = 1000 casen) ~ || 18 |sssu7s  7ev0s  o7aem  (SSi464 08102 200 143.52 143.52 312051 |1560.59 540072 149.535 144409  0.4626 No
- - i Ratio=700) (W ’
& 1- (Top Node Pressure=200) (3 Oil Ratio—700) (Water Cu 19 115229 102553 16751 (71974 237274 20 155.127 155127 473577 16848 70.5062 149,81 188.255  |0.72122 N
0) (Water Cu 20 15000 13350 1650 9.345 277101 200 165.35 185.36 705825 184121  90.825 199.027 243782 1 No
0) (Water Cu

0) (Water Cu |
~& 6 - (Top Node Pressure=200) (Gas Oil Ratio=700) (Water Cur ¥ ” ‘

< = Case 2 (Top Node Pressure=200) (Gas Oil Ratio=700) (Water Cut=11) |
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Example: PVT tables from PVTsim

Deno

A Deng
& pvitsim ™" Rs
e 7 Bo

MODEL Bg
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Example: PVT tables from PVTsim

TWATER-OPTION ENTROPY 'GAS-WELL US GAS WITH HZ0 DRY US GAS — W
S0 so
.2090832+06
“9652638+05
£1000008+10 .100000E410  .100000E+10  .100000E+10
1000008410  .100000E410  .100000E+10  .100000E+10  .100000E+10
100000E+10  .100000E+10  .100000E+10  .100000E+10  .100000E+10
1000008410  .100000E+10  .10000OE+10  .100000E+10  .100000E+10
100000E+10  .100000E410  .100000E+10  .100000E+10  .100000E+10
(100000E+10  .100000E410  .100000E+10  .100000E+10  .100000E+10
100000E+10  .100000E+10  .100000E+10  .100000E+10  .100000E+10
~100000E+10 (100000E+10  .100000E+10  .100000E+10
p $100000E+10 0 O .100000E+10  .100000E+10  .100000E+10
D 100000E410  .100000E410  .100000E+10  .100000E+10  .100000E+10
T - = |m} Rs = |
l J ‘\\/{ Lg [ _~I GAS DENSITY (KG/M3)
- - = ' B02552E400  .7954S3E400  .788442E400  .781SSSE400  .774790E400
! B .768144E400  .761613E400  .7SS196E+00  .748889E+00  .742689E+00
(o] 171565965:00  T3060SE+00  L72471GE400  710903Es00  .713197£400
7075628400 .702016E400  .696556E:00  .G91182E400  .685890E+00
[680679E400  .€75S47E400  .670493E+00  .G6SSLAE00  .EGOG0SE+00
(6557762400  .6S1014E400  .646321E+00  .641695E+00  .€37136E+00
g (6326415400 620200400 6239408400  61553iE+00  .€15251E400
[6L1090E+00  .G06956E+00  .602B77E+00  .598854E00  .594834E+00
S90966E+00  .S87100E400  .583284E400  .S79S18E+00  .S75801E+00
S72131E400  .SES07E400  .SE4930E+00  .S61397E+00  .SS7909E+00
256073£+01  .253737E+01  .251446E+01  .245196E+01  .246988E+01
(2305828401 .232592E401  .230676E+01  .228752E+01  .226940E+01
(2251208401  .223329E401  .221S568E+01  .219836E+01  .218133E401
l216458E+01  .214304E401  .213172E+01  .2L1S6SE+01  .209982E+01
‘2084238401 (205375E401  .203885E+01  .202417E+01
12008698401 (198138E401  .196752E+01  .195386E+01
‘1s4035E401 (151400E401  .190108E401  .188834E+01
‘1875772401 (185113p+01  .183505E+01  .182713E+01
[1815378401 (175230E401  .178099E+01  .176982E+01
L434634m401 [42657E401  .422679E+01  .418846E+01
L415084E+01 (4077708401 (404213E401  .400721E+01
‘3972512401 (3906128401 .387360E+01  .38416SE+0L
(3810242401 (3745038401 .371919E+01  .368985E+01
13661008401 13604728401 .357727E+01  .355027E+01
13523578401 (347131E401  .344ST7E401  .342062E401
“339584E+01 (3347382401 .332367E+01  .330031E+01
(3277258401 (3232218401 .321014E401  .318838E+01
3166632401 3124888401 .310429E401  .308397E+01
‘3063528401 (302461E401  .300S34E401  .298632E+01
“616023E+01 [604334E+01  .59866SEF01  .S93L0BE+0L
_587660E+01 577076801 .571935E+01  .566890E+0L
5619382401 (552305E401  .547619E+01 5430178401
‘s3zasem+0l (529690E401  .525401E401  .52118SE+01
5170412401  .S12967E+01  .S0B961E:01  .505022E+01  .SOL149E+01
las7335E01 . PR PR PR 1
(4791098401 .475620E401  .472184E+01  .468799E+01  .465463E+01
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Linear interpolation — 2D
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Linear interpolation — 3D

001

110

Tr — Iy
g =

L1 — Iy

Y—%Yo
Ya =

Y1 — Yo

Z— Zp
Zd =

21 — &

con = cooo (1 — za) + cro0T4a

co1 = coor (1 — xq) + 11 24q

c10 = co10(l — xq) + cr110T4a
( )

11 = con (1 —2q) +emizg

¢p = ¢coo(1l — ya) + cr0¥a
c1 = ¢ (1l —ya)+ cnya

Cc = Cg(l = zd) + €124




Advantages of using tables

e Faster than running the model

* Introduces no approximation errors (except
interpolation)

« The O&G industry has extensive experience

* Easytosetup

 (Can optimize software and license usage
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Example: Gas-lifted well
including several
constraints and using a

table

SPE-202840 (ADNOC, UAE)

®@NTNU



Constraints:

=

Dead (no flow)
Unstable flow (tubing
heading)

Casing heading

Max CHP (1800 psig)
Min BHP (2750 psig)
Max oil (2080 bopd)
Hydrate formation in
gas lift valve

N

Color legend:

Transmitters and actuators
Other

Nole' nol exhaustve

No U kW

Variables:
*  Production choke
e @Gas lift rate

®@NTNU



Production manifold O|| rate

Other wel C . h d
Production choke asing nea
[ —' pressure (CHP)
opening
_ BHP
Gas lift rate _‘ e 8 R, Casing heading

instability flag

b Color legend: ‘
i mne Tubing heading
e instability flag
Hydrate presence
HPROSPER model yarate p

indicator

Combinations (558 runs):
Production choke opening: 5, 10, ...., 100%
Gas lift rate: 0, 0.1,..., 3 MMscfd

@ NTNU



Excel file
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Issues with interpolation

e |If system changes points usually must be generated
again

e (Usually) requires regular grid

 Can be expensive to create the table

 Complexity grows with number of variables

* Logic (IF) and looping (FOR) is required to find the
bounding values in the interpolation

 Handling discontinuities

 Be careful with the limits

*  Number of points required

* Point spacing

®@NTNU



Handling discontinuities
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Proxy models
2. Data-driven (NN)
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Production optimization:
Limitations and pitfalls
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Limitations and pitfalls

* Model fidelity
* |s it actually possible to change the
decision settings?:
* Is the equipment/actuator
functional and available?
* Am | allowed to operate the
control element?
e Actuator response time

®@NTNU



Limitations and pitfalls

* Flat peak of optimum- more efforts

give less results ’
' [Choke size <Tul:i}ng size|

e
14{}'-{ -_-—-'_'—-
Sa———— 130. 7
4 -"'—-_-—-—'__"'.______-—-_
120, 4 -___"‘-___:—""-"-—1-"-.._——"___-:-‘-____ 20— ~
| ....__:_ .._= =177
100 %\
$ million a0 =
8C. A Il%
€0,

Tubing Diameter {¢m) . .
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Limitations and pitfalls

* Local optima

* Starting point

* Running time

* Short term versus long term optimization

(Khan academy)

®@NTNU



Limitations and pitfalls

* Short term versus long term optimization

Maximize NPV
By changing q,(t)

Figure 3: Permeability (left) and porosity (right) distributions of the south wing.




* Short term versus long term optimization

100 T T

NPV (USD)

| | | |
0 500 1000 1500 2000 2500 3000 3500
time (day)

Figure 4: Normalized NPV of the long-term optimization (red) using adjoint-based optimization and short-term optimization (blue) using
reactive control.



* Short term versus long term optimization

—ST
Or ==\\M, lambda=0.1
— T
_200 | 1 | | | | |
0 500 1000 1500 2000 2500 3000 3500

time (day)

Figure 9: Oil rate from production well PROD3 using different strategies; reactive control (blue), adjoint-based optimization (red), and the

weighted-sum method (black). @ N T N U




Take-aways when implementing prod optimization

* Look at the rest of the list
first!

Do we REALLY need to do
optimization?

* Think carefully what is the
main, most important,
first order of magnitude
problem

10

SLIDE 2

Detect locations in the system with abnarmally high-pressure loss and flow restrictions

Verification of equipment design conditions vs actual operating conditions

Identification and addressing fluid sources that have disadvantageous characteristics (=.g. high water
cut, high HyS content)

Identify and correct system malfunctions and non-intended behavior

Analyze and improve the logistics and planning of maintenance, replacement and installation of
equipment or in the execution of figld activities.

Review the occurrence of failures and recognize patterns

Calibration of instrumentation

Identification of operational constraints (e.g. water handling capacity, power capacity)

Observe and analyze the response of the system when changes are introduced

Find control settings of equipment that give a production higher than current (or, preferably, that give
maximum production possible)

Identify Boftlenacks

|dentifying and monitoring Key Performance Indicators (KPls)

®@NTNU



Take-aways when implementing prod optimization

* Define objective, constraints and
variables

* Determine relevance of constraints

* |s it realistic to modify optimization
variables?

* Formulate your optimization in a smart
way (choose the right variable)

» Study how your input affects your
results

10 ®@NTNU




THE END
THANK YOU
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