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Abstract

Like in the oil and gas business or gas storage industry, getting reliable production and temperature forecasts is a key aspect of any geothermal
project. The field assessment phase prior to investment sanction is characterized by relatively large uncertainties at the time important decisions
have to be made. It is, for instance, crucial to select an appropriate development strategy (e.g. number of producers, well architecture or re-
injection pattern) to obtain optimal cumulative energy production whilst ensuring good profitability of the project. Reservoir evaluation as well
as economic uncertainties and quantification of their impact on the project reserves and economics are needed before the field development
concept selection. The proposed application case is about high enthalpy geothermal projects for electricity generation through ORC cycle, like
the ones which might be found in Germany, Italy, Turkey or the United States for instance.

A fully integrated numerical modeling of the (well+pump+ORC) system was developed, including technical as well as economic inputs, ending
up with a business model delivering typical economic figures for management decision making. Capitalizing on existing workflows from the
oil and gas business to assess those subsurface and economic uncertainties, an optimal development scheme is then derived through an
optimization process, while taking correctly into account both types of uncertainties. In more details, extensive use of: (1) advanced Design of
Experiments techniques for optimal uncertainty space sampling (of both technical and economic parameters), (2) reliable proxy-models
computations of technical and/or economic modeling outputs, (3) global sensitivity analysis to rank the most impacting parameters, and (4)
optimization techniques under uncertainty to find the optimal values of controllable parameters (e.g. well architecture), ending up with an
optimal development scheme. This allows, through a single study, to assess both the technical and economic uncertain parameters for
uncertainty quantification and risk analysis for optimal decision making.
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Outline

e Common framework : geological reservoir characterization

e Common goal : reliable performance forecasts

e Full system (well+pump+ORC) modelling coupled to a business model
e Experimental Design & proxy model computation
e Sensitivity studies : Technical and economic parameters and outputs

e Optimization of controllable parameters to derive an optimal scheme

e Wrap up and perspectives
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Common framework— Reservoir Characterization

e Reservoir characterization : Obtain representative model(s!) of a
geological object in an uncertain framework

e Our concern: subsurface uncertainties (up to economics possibly)

Data from: Modelling:
-Geophysics, -Structural,
-Geology, -Facies,
-Reservarr. -Petrophysical,

-Dynamic Simulation.




Common goal — Reliable production forecasts

e Proper uncertainties quantification assessment and risk analysis

e Reliable production forecasts :

E&P aphpllcatlo’pncase

I A W_N orma ol bl Ao~

2.007—History perio:(yg Production Forecasts
1.00

0.00 9 T . T
0 2 000 4 000 6 000
Time (days)

Cumulative Oil Production (MMm3)

5.001 | 95% confidence interval \
4.00 ! % b
3.00 o \

Probabilistic
Production

Cumulative oil production

Total MWe

Geothermal HT case

Gas stqrage case

P (6ARS)
H 8 8 g g g

=181 x|

Esonvabes | Elexpermentvooes | Zenveope |

Year

Mean pressure

10/04/2019 Schaaf & al. - AAPG 3rd Hydrocarbon — Geothermal Cross Over Technology Workshop — 9/10 April 2019 - Geneva 4



Outline

e Common framework : geological reservoir characterization

e Common goal : reliable performance forecasts

e Full system (well+pump+ORC) modelling coupled to a business model
e Experimental Design & proxy model computation
e Sensitivity studies : Technical and economic parameters and outputs

e Optimization of controllable parameters to derive an optimal scheme

e Wrap up and perspectives

10/04/2019 Schaaf & al. - AAPG 3rd Hydrocarbon — Geothermal Cross Over Technology Workshop — 9/10 April 2019 - Geneva 5



Full well/pump/ORC System Modelling

e Developed through an Excel multi tab spreadsheet (+ macros):

e Technical inputs (number of wells, reservoir P&T, etc.),

e Financial inputs (DRILLEX, CAPEX/OPEX, etc.)
To end up with

e Key technical results (Gross, Net Power, pump consumption, etc.)

e Key financial results (Cash Flow, NPV, WACC, etc.)
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e Technical inputs :

Storengy Case
Test — Development scheme
Targeted producing well rate (I's)= 150 I 1
Mumber of producing well= 3 f
Mumber of injection well= 3 3
Froduction decline type= 1) J
i = do wecline, ks modrste decting S athan gecdie
Pressure constraints:
Flinimum producer WHFPfinlet plant pressure [bar)= 175 -
Injectar WHFPHOutlet plant pressure (bar)= | 15
ORC Plant definition: <
Electricity power generation option [Yih] = y
Temperature at outlet ORC plant ['1C] = El
Flant consumption [#Gross] = 0z
Plant efficiency ()= 103
Reservoir definition: -
Met thickness [m]= 500
Fermeability [md)= g0
P
“w'ater zalinity (gil] J= 40 «"
Produced fluid temperature (Bottom hole temp' Cl= 135
Fiesemnoir pressure [bar)= 215 -
Well data:
Fie [m]= 0o
Fiw inch= 420 z
Tatal skin effect= -3
Permeability (Injectivitydproductivity] ratic= 1.00
el purmnp eFficiencH [*]= it
Production string (from top to bottom) : Well Architecture
delta MOm delta TWD m 1D inch 1
Fiil vl .86 286 236
52 52 1236 1236 12.36
923 9z .50 2.60 12.20
454 434 7.00 700 2.40
Injection string (from top to bottom] :
delta MO m delta TWD m 10 ineh
T 72l 1236 1236 1480
b2 b2 12.36 12.36 1480
423 a2 250 250 12.20
494 434 .00 .00 840

Full well/pump/ORC System Modelling

Well flowrate, decline rate,
Number producers/injectors

Surface pressure constraints
ORC definition

Reservoir data

Well data & architecture



Full well/pump/ORC System Modelling

e Financial inputs :

Storengy Case
Planning:
Initial date 01/01/2018 1 H 1 h
Duration of Exploration phase (yrj= 0.25 TI I I I I n g - P rOJ eCt p ases
Dwuration of Appraisal phase (yrj= 0.25
Duration of Development phase (yrj= 2.50
E&A phase [Subsurface):
Number of appraisal wel = 1
|Nb of well not recovered (excluding coredrillj= o
Exploration well cost including well test (MS)= 0.0 -
Appraizal well cost (MS)= 2.845 W | |
| Awverage injection/production development well cost (MS)= 3.0 = e COStS y etC .
G&G study, data acquisition including, core dril.... (MS}= 1.00 -
Permitting & EL& (MS)= 0.39
Surface Engineering before development/FID (MS)= 0.50
Project management during exploration & appraisal phase (M= 1.00
Contingencies for well (%) = 10%
| Development phase (ORC Plant & surface): P m— Plant CAPEX’ etC
Electricity connection (MS) = 2.0 il
Plant ORC CAPEX [ MS/Mwe installed) = | 28 |
—————— t —
u
u
u
Pump or well mai 1ce operation cost= 0.6
Frequency of pump/well operation [time/year/well}= 0.15 F I . .
|Overhead for permanent staff= 50% d 'ﬁ: d
Overhead & insurance for equipment = 1% - ee n ta'rl 1 ISCOunt rate’ etC'
P

Financial data:

FIT on sales $/Mweh (electricity) 200
Revenue from internal consumption (v/N) n

FIT on ¢ ption $MWwh (electricity) [1]

Dizcount rate (%) 0.09

FIT on sales $/Mwth thermal) 70 -




Full well/pump/ORC System Modelling

e Key Technical outputs e.g. pump power (kW), Plant Net power (MWe)

Storengy Case
Production well —
Qs (per well) = 100
IP_m3dbar= 1585
dp drawdown bar= 5
BHFP bar= 210
— P bar= 2
dp pump bar = 26.2 >E ----------------------------------------
— Pump power kW= 509 =
freetiorrmel= 2
Q lis (per well) = 100
I_m3dbar= 743
dp drawdown bar= 12 =
BHFP resquested bar= 227
BHFT temp "C= Bl a
dp pump needed bar = i :
Pum 0 e e
7 ORC Plant & Well \ —[Gross Mwe
#” _ Nbof production wells N
Nb of injection wells 3
Gross Mwe per well (ORC) 2.81
Plant consumption 10% o 5 10 15 el 5 E] EL
Per producing, pumping consumption KWe o509 Year
Per injector well, pumping consumption KWe 0
Gross Mwe 8.4 code For decline curve ] 1 2
Plant consumtion Mwe 0.8 (= moderate high
Total wel pump consumption Mwe 15 4 Diebit initial (e 1 1 1
Net plant Mwe 6.06 Diéelin initial [11an] 0.005 0.02 0.05
Net/'Gross n 10 5 3




Full well/pump/ORC System Modelling

e Key Economic outputs e.g. cash flow(M$), NPV (M$)

Storengy Case
Electricity Generation Excluding District Heating pgrt
Electricity power generation option (1/0) = 1
Project phasing Cost recap Revenue CF o~
Revenue
Total Revenue from
expenditures from sale | consumption | Cashflow [fumulativ

No| Year Q Date Period (M5) OPEX (M$)]| Net Mwe (MS) (M5) (M) CF (m$5)
4 1 a4 | 30ma2016] Develop 563 0.00 0.00 0.00 0.00 563 563
8 2 a4 | o10z2017] Develop 9.98 0.00 0.00 0.00 0.00 098 -15.61
12 3 a4 | 01r10z018] Develop 25.38 0.30 0.00 0.00 0.00 2568 -41.30
16 4 a4 | 01110/2019 ] Exploitation 0.00 1.19 3.62 3.78 0.00 2.59 -38.71 VAN (M5) 5.18
20 5 a4 | o1110/2020] Exploitation 10.39 1.59 3.60 6.02 0.00 -5.96 4467 TRI (%) 11.09%
24 6 a4 | 01110/2021 | Exploitation 0.00 2 5.98 5.98 0.00 4.87 -39.60 PEX @ Risk (M5)
28 7 a4 | 0110/2022 | Exploitation 0.00 2.64 5.95 9.94 0.00 7.29 -32.51
32 8 a4 | 0110/2023 ] Exploitation 0.00 2.64 5.93 9.89 0.00 7.25 -25.25
6 g a4 | 0110/2024 | Exploitation 0.00 2.64 5.90 9.85 0.00 7.21 -18.05
0| 10 a4 | 011072025 ] Exploitation 0.00 2.64 5.88 g.82 0.00 77T ~10.87
7Y IR @4 | 01/10/2026 | Explotation 0.00 264 5.85 978 0.00 7.14 3.74
| 1z a4 | 0110/2027 | Exploitation 0.00 2.64 5.84 9.74 0.00 7.10 3.35
s2| 13 a4 | 0110/2028 | Exploitation 0.00 2.64 5.82 9.71 0.00 7.07 10.43
g | 14 a4 | 01110/2029 ] Exploitation 0.00 2.64 5.80 9,58 0.00 7.03 17.46
50| 15 a4 | 0110/2030] Exploitation 0.00 2.64 5.78 9.65 0.00 7.00 24.47
54| 16 a4 | 02110/2031 | Exploitation 0.00 2.64 5.76 952 0.00 6.97 31.44
68| 17 a4 | 011002032 | Exploitation 0.00 2.64 5.75 9.59 0.00 6.94 38.38
72| 12 04 | 0111002033] Exploitation 0.00 264 573 9.55 0.00 5.91 !\ 4530 J |
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Experimental Design & Proxy models

e Capitalizing on existing soft/workflows from the Oil & Gas Industry

oATOUT* software (soft deliverable from 4 IFPEN JIPs “COUGAR?”)
* = Advanced Tools for Optimization and Uncertainty Treatment
Experimental Designs + Proxy Model Approach

Advanced Sensitivity,
Risk & Economic
Analysis & Optimization
fools

Experimental

+ Global Sensitivity analysis

B
<

C'
I\J'

+ Mixed-Integer Proxy

Cumulative Qil
roductio
/ \ + Bayesian framwork

.......

+ Probabilistic decision tree

Mean model

N Std model
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Parameter set definition

e Parameters:

(1)

(2)

(3)

(1) Geology and reservoir Engineering,

(2) Controllable

(3) Economic

Wmmml Design | Spreadshest Configuration | Responses | RS Modeling | Uncertainty Analysiz & Optimization |

‘ﬁ @ & vew

10/04/2019

Marme Min Val
PERM 50
Temp_RES 130
P_Interference a

ECLIMNE_Rate 0
FLOWRATE 70
Dev_Scheme 1
Well_aArchitecture 1
CAPEX_ORC 2.3
Pump_Replacement 0.33
Discount_Rate 0.05

P Uprime T

Max Val

100

140

a0

2

110

2

2

3.3

2

0.1
0.9

Mean Val

Type

75 Real
135 Real
15 Real

1 Integer
20 Real

2 Integer

2 Integer
2.2 Real
1,165 Real
0.075 Real
.93 Real

Unit Law

LIMIFORM
UMIFORM
UMIFORM
LIMIFQRM
LIMIFORM
UMIFORM
UMIFORM
LIMIFQRM
LUIMIFORM
UMIFORM
UNIFORM

Comments [ | Active

mD

=Z

bar
Scalar
Ifs
Scalar
Inch
MEMe
time fy fwvell
Yo

e

RORRREDORIORIE

Real / Integer ; Uncertain / controllable ; active 1/0O
aUss 4 4444 4  EEEaEaTiimmhaasS Gl a2 A4
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Experimental Designs

e Using Classical and Latin Hyper Cube Experimental Designs

¥ % Parameters [Emerinmlﬂnmg'l Spreadsheet Configuration | Responses | RS Modeling | Uncertainty Analysis & Optimization |

1] s X1 X3 A
y 4 N
MName Type Parameters Experiments
dassicalDesign Central Composite - Face Centerel| 3 81 & Define Simulations
|Ehr‘IHYDErCL.IbE.DESlgH LH 8 46 Design Choice
augmentedLatinHyp... LH 44
Select design type
Sim 4| PERM Temp_RE5 DECLINE_Rate Uev_scneme Well_Architecture  CAPE (®) Linear () Quadratic —1—1
sim 1 ¥ 50 130 0 1 1 2.3
Sim 2 50 130 0 1 1 3.3
Sim 3 50 130 0 1 2 2.3 (D) Latin hypercube design
Sim 4 50 130 0 1 2 3.3
5im 5 50 130 0 2 1 2.3
Sim 6 50 130 i} B 1 3.3 Mumber of simulations - %
Sim 7 50 130 0 2 2 23
Sim & 50 130 0 2 2 3.3
5im 9 50 130 2 1 1 2.3
Sim 10 50 130 2 1 1 3.3 (O Full design
Sim 11 50 130 2 1 2 2.3
Sim 12 50 130 2 i 2 3.3
Sim 13 50 130 2 2 1 23 PR
5im 14 50 130 2 2 1 3.3 () Optimal design %
5im 15 50 130 2 2 2 2.3 A
Sim 16 50 130 2 2 2 3.3
5im 17 50 140 0 1 1 2.3
S!m 18 50 140 1] i 1 3.3 () User defined
Sim 19 50 140 0 1 2 2.3
Sim 20 50 140 0 1 2 3.3
Sim 21 50 140 a 2 1 2.3
Cien 77 cn 4an A o 4 £
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Spreadsheet configuration

e Configure inputs as well as outputs :

@ = Parameters

| Experimental Design

m\ﬁesponses | RS Modeling

Uncertainty Analysis & Optimization

Qutput Definition

C:\Etudes'\Cougar POUSS\ORC_BP\POLSS_ORC_Test_Cougar_v2.xism

Cell Ref

Value to set

‘[POUSS_ORC_Test Cougar_vw2.xsm]Financal data'lB24  CAPEX_ORC
‘[POUSS_ORC_Test Cougar_v2.xsm]Financal data'!B3%  Plant_UpTime
'[POUSS_CORC_Test Cougar_v2,xsm]Financial data'lB45  Pump_Replacement
'[POUSS_ORC_Test_Cougar_v2.xlsm]Technical data'lC26 PERM
‘[POUSS_ORC_Test_Cougar_v2.xlsm]Technical data'!C28 Temp_RES
'[POUSS_ORC_Test_Cougar_vw2.xlsm]Technical data'!lC5  FLOWRATE
‘[POUSS_ORC_Test_Cougar_w2.xsm]Technical data'lC8  DECLINE_Rate
‘[POUSS_ORC_Test Cougar_vw2.xlsm]Technical data'lD37  Wel_Architecture
‘[POUSS_ORC_Test Cougar_v2.xsm]Technical data'lD5  Dev_Scheme

[ Ad || Add. | Remoe | Inport |
Data:
& B [} E F 5 H
1 [|Data - A
z All technical dg
3 All financial dg
4 |Results:
5 Key rasults arg
6 -.and in"kKg
7 Mare rmore dep
]
£l
10 |ell color cors e

Read_me Technical data Key technical results Financial data  Key finandial results  Intermediate r - producer  Intermediate r-injector Intermediate r-Plant Int

Launch simulations

10/04/2019
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Responses

e Both technical and economic outputs/results from the 171 runs:

V@ 9 Parameters | Experimental Design | Spreadsheet Configuratio P | an t N et P 0 W e r 4 Optimization
" Detailed distribution: TestCase3 - Power PLANT Net_Tme 00} [o|® &=
= .
il TestCase3 - Power PLANT Net Time 0.0 3 B
Eg &?Test[:ase& 0.4 i - s
=] | Simulated Results e
24 t}- | Break Even Point 0.9 - Eﬂ':m
| CumCashFlow — sm2 H
- | Cumulative C F
_ Gross o5 _::3 u u a |Ve aS OW
! @ Gross —sms
03 — sm6
e | NPV ~ e
— | 0.7 — sim
-} Met — sme TestCase3 - Financial PROJECT_CumCashFlow
|Pe | Net{Gross - :wml:l e
- |, PlantConsumption 0.6 — sm1z
b @ TotalPumpConsumption —eme
. ~ Sim14
= &-sh Energy I
— 3 = Sim17
PYRTIR ~ — Sim18
rM Fibim 4 =t . 20 T Sim19
. = §im20
L " Sim21
— sim2z |
3D 03 — sm23
Sim 24
0.1 Sim 25
Sim 26
0.2 Sim 27 I g
thel s £
Sim30 | £
e i
Response Mame smas
Power PLANT Net Time 0.0 , 1 ly ol
Financiel PROJECT Break Even Paint_Time “ R smaa
- - . Sim 37
Financial_PROJECT_CumCashFlow_Time_Li Sower FLANT Net Tme 0.0 Sm3s
Finandal_PROJECT_CumCashFlow_Time _3( o .
Financial_PROJECT_MNPY_Time_0.0 Scalar Simulated IGE
Energy_WELL_TotalPumpConsumption_Time_0.0  Scalar Simulated Me
IR A A R A AR
Time (day)
AN A
[ [Gms Cuwam]
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Proxy models computation

e Mixed-Integer Proxy model computation:

10/04/2019

&)

Key Quality Control steps

_cst | _Met_Time_| =1 N CT
Value
RMSE (Relative) 0,074 % -
RMSE (Absolute) 0.012
Predictivity (Q2) 1
Predictivity with confirmation rigs (81) 1
w
A i 12
(Intercept) 14, FS
W
Ao |l
Col PERM 0.009 Fs
Col Temp_RES 0.011
Col DECLIME_Rate 1E-05
Col CAPEX_ORC 1E-05
Col Pump_Replacement 1E-05
Col Plant_UpTime 1E-05
Carr Dev_Scheme 1-2 6,123E-17
Corr Well_Architecture 1-2 6.123E-17
w

TestCase3 - Power_PLANT_ et Tme 0.0 (Mive)

TestCase3 - Pomer PLANT_Net_Time 0.0 (Mie)

773 |
7% |
17738 |

7%
)
"M

773 |
77|
|

7

2|
77|
s

L)
7
w7

[ Jst i o o s o e
g

77|

Kiva

|pEcure _Ratelpev_screme [wel_arche..|
10 20 20

10 L0 10
>

Mumber of used experiments: 90

= [remo RES _[DECLIE Rate|Dev_Scheme [viel_won..|

u
e —— e

¥ Axs [Welwrchtectre ‘ ssizzlso 19

<

10
10

>
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Sensitivity Analysis — Technical outputs

e Standard Tornado & Spider plots — Analysis of the Plant Net Power

e Global Sensitivity Analysis (Sobol coefficients computation)

= Tomado Plot: TestCase3 - NPMQRSModel_cst_80% 1 (Power_PLANT_Net_Time_0.0) o [E [=
TestCase3 - Power_PLANT_Net Time_0.0 5 N
pl PP LS LY >
- TestCase3 - NPMQRSModel_cst_90# 1 (Power_PLANT_Net Time_0.0) i
| P |
RES: -1 1
Fesi | 1 Fier
PERM: -1 1 PERN
DECLINE Rate: -1 | 1 Temp_RES
Dev_Scheme: -1 1 DECLINE_Rate
Dev_Scheme
CAPEX_ORC: 1| -1
Wiel_Archiiecture Temp_RES
Pump_Replacement: -1 | 1 CAPEX_ORC
Plant_UpTime: 1 | -1 Pump_Replacement
Wel_Architecture: 1 |-1 Flant_UpTime
W & rotal effect
16.3 17.3 183 19.3
RSM values (MWe) [ & primary effect
A Y
~
‘ Parameters fixed value: -1 1 1 o |
[= Spider Plot: TestCase2 - NPMORSModel_cst_302 1 (Power_PLANT_Net_Time_0.0) = [E- .
<
TestCase3 - Power_PLANT_Net Time_0.0 N
19.3 A PERM
Fiter
PERMN
a Temp_RES
Tas A Temp_|
= DECLINE_Rats
P
ER Dev_Scheme
o 0 10 20 30 40 S0 60 70 80
; Well_Architecture
1 Aviu
o CAPEX_ORC
‘ Ranked by : (@) Total effect () Primary Effect
Pump_Replacement
‘Shuw only contributions higher than: | 2 | % | Default
2 [] Plant_UpTime
16,7
B 0.0 1.0
Parameter values in scaled mode
A

~
[ Parameters fixed value: -1 1 1 o || \




Sensitivity Analysis — Economic outputs

e Standard Tornado & Spider plots — Analysis of the NPV

e Global Sensitivity Analysis (Sobol coefficients computation)

= Tornado Plot: TestCase3 - NPMQRSModel_cst_902 1 (Financial_PROJECT_NPV_Time_0.0) o (B &R

TestCase3 - Financial_PROJECT_NPV_Time_0.0

18] v A

TestCase3 - NPMQRSModel_cst_90# 1 (Finandial PROJECT_NPV_Time_0.0)

16l v &

_Replacement: 1

Filter
FERI
emp_RES
DECLINE_Rate
Plant_UpTime: -1 Pump_Replacemant{
O &4 pev_scheme
PERM: -1 1
[ B wen_architecture
Dev_Scheme: -1 |1 .
2 CAPEX_ORC
DECLINE Rate: 1 -1 W & Pump_Replacement
Well_Architecture: 1 |-1 ] Piant_upTime
-40 -30 -20 -10 [} 10 20 30 40 50 60 Total effect
RSM values (M$)
Temp_RES Frimary effect
Al
~
[ Parameters fived value: -1 1 1| o |
E= Spider Plot: TestCase3 - NPMQRSModel_cst_90¢ 1 (Financial PROJECT_NPV_Time_0.0) = [ [
<
TestCase3 - Finandial_PROJECT_NPV_Time 0.0 N
4
Filter
PERM
CAPEX_ORC
— Temp_RES
2
=2 DECLINE_Rate
@
E}
2 Dev_Scheme
>
= Well_Architecturs 0 10 20 30 40 50 60 70 %0
o

CAPEX_ORC

Ayl

ump_Replacement

| Rankedby : (@ Total effect () Primary Effect
Plant_UpTime

a0l [shon only conmbutins hgher tan: |2 [ % | pefautt
-1.0 0.0 1.0

Parameter values in scaled mode

A v

~
[ Parameters fixed value: -1 1 1 o || ]
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Optimization of the development scheme

e Optimizing (under uncertainty) the controllable parameters —
Maximizing the NPV

@ % parameters |E)¢pen'memz| Design |SpreadsheetCoﬂﬁguraﬁon |P.Es,:)onses ‘EModeling

DeEUBEGE =

RemMmT A% >N|Ke|v @

Input  Name Min

1 PERM 50
2 Temp_RES 130
3 DECLIME_Rate

4 Dev_Scheme

5 Well_Architecture L
6 CAPEX_ORC 2.3
7 Pump_Replacement 0,33
i3 Plant_UpTime 0.9

Prior Density Function
100 UNIFORM
140 UNIEQE
UNIFORM
2TO BE OPTIMIZED
2T0O BE OPTIMIZED
i NIFORM
2 UNIFORM

(1R AUNIFORM

Sample Yalues Number [ Latin Hypercube Sampling

6] v &

A v

X g %nﬁw‘w’lndows
==

Prior Density Function Shape

0.97
Response Yalues

D [} . B| Propagate

Optimum type
() Minimum

(®) Maximum

Objective function 1

Optimization Number

[4] v &

X Iy i uw‘wmdows
E=ni=n

Value

Dev_Scheme 1
\Well_Architecture 2

Name

}

P
«

- 3+3 wells development scheme
- Large diameter wellbores
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Wrap-up & Perspectives
e Able to derive an optimal development plan for a HT ORC project

e Sensitivity studies and risk analysis were conducted considering:
e Technical uncertain and controllable parameters,
e As well as economic ones,
e Thus leading to a integrated technical & economic analysis
e Looking at both technical and economic key outputs
e Way forward:
e Using multi-objectives optimization : Pareto front

e On-going discussion with Business Dev. to fine tune the financial part
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