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INavigator:
avlgaior-

Key improvements ir18.4

tNavigator kernel:

U Local grid refinements getting progressively finer in the vicinity of the fractare
Introducedfor XYZ fractures.

U Defaultsetting of resultssavingwas changedor models in E1/E3ormat, if none
of the command line options or keywords (RPTRST, etc.) relatesktective
writing of the resultswere specified.

Before all grid propertieswere recorded on all steps
Now: grid properties will be recorded only on the first and last step
ForIM, STGE grid properties are still recorded on all steps

Geology Designer:

U Grid coarsening with corresponding property upscalingngoduced.

U Multi Point Simulation computation is available, which allows to perform
Interpolation by using multi point statistics method.

U Velocitycubes fromcheckshotdata can be computed



e (Navigator
Key improvementgcontinued) >

Model Designer:
U Import of hydraulic fracture data in GOHFER format.
U Enteringof hydraulic fracture parameters in tabular form

PVT Designer:
U Thermal variants are supported

Assisted History Matching and Uncertainbgodule:
U Multitarget optimization byparticle swarmmethod is supported

VFPDesigner:
U Integration with Model Designer is supported. Each well in thdel Designer
corresponds to a project in VFP Designer

Network Designer:

U Integration with Model Designer is supported. Whendynamic modeis loaded
to Model Designer, a corresponding Network Designer projeatnsated
automatically.
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B u b b I e m apS Module: Graphical Inw

U Usergraphscreatedin the GraphCalculatorcannow be usedin BubbleMaps.
Forexample,you may visualizecumulative production over a certain period.

wl = cum_sum t(x)
export (wl, name = 'PeriodProd’', units = "liquid surface_ volume")

!

X = wopr * (time >= 215) * (time <= 550} |

EX Bubble Map Config
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tNavigator kernel

Module Simulator ker??e\
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INavigator:

ReS u ItS SaVI n g Module Simulator ker

U Default setting of results saving was changed for models in E1/E3 format, if n
of the command line options or keywords (RPTRST, etc.) related to selective
writing of the resultswere specified.

Before all grid properties were recorded on all steps
Now: grid properties will be recorded only on the first and last step
ForIM, STGE grid properties are still recorded on all steps
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INavigator:

LaSt Ste p reco rd | N g Module Simulator ker

U An option of recording the last computed step is introduced, so that a crashed
calculationcouldbe resumed smoothly afterwards

A From command line-- dump- res - last

A From main window GUISettingsihOptionsMAdvanced hDump last
calculated step

A Fromqueue manageGUL! SettingsihOptionsMHNew job options
(Advanced) Duynp last calculated step

E Options

General

[ Use Fast Array Reader

;Act,ﬁds I Don't Correct Boundary Conditions if They Seem to be Wrong

aths

Graphics I Open Models in the Same Process (Reload is Needed)

Strings [ Use v17 Data Format E tNavigator
Updates

Client Options I Use Click to Open Main Window Buttons Usa GPU
Advanced lW Dump Last Calculated Step (Useful For Continue Failed Computah'ons)] General Dump Last Calculated Step (Useful For Continue Failed Compuiﬁt’ons}]

Designer Synchronization Method: |Default Mew lob Options | Continue From Last Calculated Step
Timeout for Starting Windows (Reload is Needed): 10s¢g L LT T [ continue Calculations From Step: 1

Commen Email Settings =
Current Window Email Settings Writing Maps Timesteps: | RFTMAPD/RPTGRAPHD hd
Power Saving Wiriting Graphs Timesteps: | RFTMAPD/RPTGRAPHD -
Appearance

User Comment:
Info Columns | |

[ License Wait Time Limit: 0k +|2zm
Additional Custom Options:

"y f
H T ™ Cancel
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I\/Iultl -objectlve Particle Swarngwe,
Optimization algorithm

U Extension of the standard particle swarm optimization algorithm

U The search of solution by conflicting objectives (objective functions)

U The multcobjective optimization algorithm is based on the construction of
the Pareto front and searching of the leader solution in the front

=% Create New Experiment ﬂ
Algarithm Base model: D:folga_rovenskaya/training_courses/AHM/demo_simple MOPSO-4,hmf/AD03/e3, DATA
Experimental Design: . L
- Particle Swarm Optimization Parameters:
() Custom
) Grid Search [Mﬂdiﬁ‘ Ranges for Selected Variables] E Maximal number of simulator launches: 400 N
() Latin Hypercube Variable Base Min Max Type Values
) Monte-Carlo {MULT_PERMH_L 1 i1 01 10 REAL Alg. Defined Pareto front
) Tornado MULT_PERMH_L_2 1 01 10 REAL Alg. Defined
@) Plackett-Burman MULT_PERMH_L_3 1 01 10 REAL Alg. Defined (o]
——— MULT_PERMZ_L_1 1 01 10 REAL Alg. Defined ™~ 0O
F’”“T‘;‘::“""_"‘l‘g"”l ms: MULT_PERMZ_L 2 1 01 10 REAL Alg. Defined o
o) BIETEE | BT AT MULT_PERMZ L 3 1 01 10 REAL Alg. Defined =
() Simplex Method t Current
@ Partide Swarm Optimization .2 ® SOI l..tion
R =] ®
) Response Surface o) [ ]
® o
Queue ®
Add base model to queue o g
Automatically run experiment DominatEd b o)
Results ]
[Write Wells - ] SOIUﬁons o >
Comment @ Classic . .
® Fexi Objective 1
[ﬁ Advanced Parameters Multi-objective ‘
Maximum of Simultanecusly Calculated 1000 = [ﬁi‘.{ Select objective ﬁJncﬁonl [Stop Criteria Settings]
l’l'"l. "y [ OK J ’ Cancel ]
H




Monte-Carlo method

U Monte-Carlo experimental design is available

U For each model variant variables are independently generated

according to the specified distribution

Algorithm
Experimental Design:
() Custom

) Grid Search

) Latin Hypercube

@ Monte-Carlo |

() Tornado

(7) Plackett-Burman
Optimization Algorithms:
() Differential Evolution
| Simplex Method

() Partide Swarm Cptimization

(") Response Surface

Base model: D:jolga_rovenskaya/training_courses/AHM/dema_simple/MOPS0-4.hmfjA003/e3.DATA

Monte-Carlo Parameters:
[Madiﬁf Ranges for Selected 'u'ariables] E]

Mumber of variants: 10

Variable Base Min
MULT_PERMH_L 1 1 01
MULT_PERMH_L 2 1 01
MULT_PERMH_L_3 1 01
MULT_PERMZ_L 1 1 01
MULT_PERMZ_L 2 1 01

MULT_PERMZ_L 3 1 01

Iax Type Values
10 REAL Uniform
10 REAL Uniform
10 REAL Uniform
10 REAL Uniform
10 REAL Uniform
10 REAL Uniform

== Configure Values for '"MULT_PERMH_L_1°

|@ Controlled by Algorithm

Uniform -7
SEE Unifarm
Add base model to queue Maormal
Automatically run experiment Log-normal
Triangular
Results Discrete
['Nrite wells S Set Mumber of Values: |1
Comment @ Manually Input Values Separated by Comma:
0.1, 1, 10
Reset to defaults
Maximum of Simultaneously Calculated 1000 =
)y ™ [ ok || concel
M
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Pareto front visualization

U The Pareto front can be visualized @rossplot

| Projectinfo | Calculations | Resuits |

Module:
AHM and Uncertaint

>

|RESL.|It5Tab4e I Graphs | Crossplot | Histogram | Stacked Plot I Analysis | Mds | Cdf | Proxy models | Dbjecﬁuer'lctior'ts|
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% Groupset Manager

|'\

| =

Experiments
Pareto_front 1
Pareto_front 2

Variants [1] Pareto_front 1

Others

Pareto_front 3 [ Delete

| |reset colors to defauits| | Colorize |
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Analysis of variants using
the Monte-Carlo method

U Multiple number of model variants can be calculated using the proxy formula
by substituting variables distributed by Mont€arlo method in it
U Visualization of results predicted by proxy model

| Results Table | Graphs | Crossplot | Histogram I Stacked Plot | Analysis | Mds |

cdf | Proxy models | Objective Functions | |

Module:
AHM and Uncertaint

Lfi. #  Model
- Hist, Values

A001fe1 00000
ADO1fel 00001
ADO1fel_v00D02
ADO1fel_v00003
ADO1fel 00004
A001/e1_v00005
AD01/e1_v0000&
AD01/e1_v00007
ADO1/e1_v00003
AD01/e1_v00009
ADO1/e1_v00010

<
v
1]

Proxy Model Name: |proxy 1 -

FIELD OilRate  01.07.1983

| Start Monte Carlo II

|

465,449865 + 1.633904 = =
M_PERM_FIPNUM_1 =
M_PERM_FIPNUM_2 + &, 733501
=M_PERM_FIPNUM_2 + L
0.454243 = M_PERM_FIPNUM_2 |~
*M_PERM_FIPNUM_3 +

0.265304 = M_PERM_FIPNUM_2
*M_PERM_FIPNUM_4 -

Delete Proxy Model

0il Rate (Approx), sm3/day

[FIELD]:

600

550 H

500 H

450

=% Proxy Model Monte Carlo Experiment Settings.

[Modify Ranges for Selected Variables] E]

Monte-Carlo Parameters:

Mumber of variants: 1000 =

Variable Base Min Max Type Values
i1 01 10 REAL Uniform
M_PERM_FIPNUM_2 1 01 10 REAL Uniform
""""""""""""""""" M_PERM_FIPNUM_3 1 01 10 REAL Uniform
M_PERM_FIPNUM 4 1 01 10 REAL Uniform
< [T | »
Reset to defaults Random Seed 0 =

450 500 550
El M- Ml Miadn iMlaall cea D ida .

Praoject Info | Calculations | Results Monte Carlo Results

]

[ OK ] [ Cancel

<

>
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ResultsTable | Crossplot | Histogram | Anayss | Cor

Rz | Mo o=
= varant1 | |Q |
7T variant 2 Field FIP
variant 3 Variables
I variant 4

= variant 5
mt variant &
variant 7
variant 8
variant 9
variant 10
variant 11

FIELD Qil Rate 01,07 1983

variant 1
variant 10

ant 100

variant 1000
variant 101
variant 102

variant 12 X axis
variant 13 _ ||| Variables -
Bl v ||[m_PERM_FIPNUM_2 -
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Discrete distribution
of variables

U Discrete distribution of variables is available

Algorithm
Experimental Design:

() Grid Search
(@ Latin Hypercube
) Monte-Carlo

) Tornado

) Plackett-Burman

Optimization Algorithms:
() Differential Evolution
) Simplex Method
() Partide Swarm Cptimization
(") Response Surface

Queue
Add base model to queue
Automatically run experiment

Results
| write wells - |

Comment

n o

Base model: |torials/3-2_HowToUseAssistedHistoryMatching/PUNG_FIPMUM/PUNG_S3M-at.hmf/A002/e2.DATA
Latin Hypercube Parameters:
[Modiﬁ,- Ranges for Selected 'u'ariables] E] Number of variants: 10 =
Variable Base Min Mazx Type Values
M_PERM_FIPMNUM_1 1 01 10 REAL Uniform
M_PERM_FIPMNUM_2 1 01 10 REAL Uniform
M_PERM_FIPMUM_3 1 01 10 REAL Uniform
M_PERM_FIPNUM 4 1 01 10 REAL
Random Seed 0 =
Maximum of Simultaneously Calculated 1000 =
[ ok || cancl
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Module:

AHM and Uncertainty\

@ Controlled by Algorithm
[Discrete i ]
Value Probability, %6

80
0,3 10

] Add new value and probability

() Set by External Grid Search

External grid search is @ way to create series of experiments.
It enumerates all specified values and creates experiment for
every combination of these values.

Mormalize

Set Mumber of Values: |1 =
i@ Manually Input Values Separated by Comma:

0.1, 1, 10

ok || cancel




ODbjective function

U The list of objective functions is available

| ResuitsTable | Graphs | Crossplot | Histogram | StackedPlot | Analysis | Mds | cdf | Proxymedels | Objectve Functions |

B | # Mode [oojFunt, X kN
o Hist. Values Function Type: [Hisbo(y Matching, Quadratic N ]
A001/e1_v00000
Y ABOLje L vo0001 [ Addterm | [Addscveral terms | [ Deleteterm |
A001/e1_v00002 || |Term |Object Type | Parameter | weight|
AD01/e1_v00003 | |2 |wels oil Rate 1
ADD1fel vOO0D4
7T AQ01/e1_v00005 -
m A0D1/e1_vooaos || OB
A0DYed vomoo7 || P (et )
T A001/e1_voooos || [[C) [ Sheck all producers |
Anoyje1 vo0nas || |, eight |-
AQ01/e1_v00010 PROL' 1 |
‘PRO-4" 1
‘PRO-5' 1 E
'PRO-11' 1
'PRO-12' 1
‘PRO-15" 1
[V] 'PRO-20" 1 S
4 [} L4
Weight Parameter:
Parameters
Devistion  Deviation Type
0,05 Relative
71 \tater Rate s Relative e
o« n ] »

100

90

80

70 foed

6O et

50 feoedfod

G BN BO

LII_\ \_|Ll[ ! II"I I
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Module:
AHM and Uncertainty

Oil Rate

Obijective function
based on wells and

From Step: 0 + |oLo1.1967 - : : : :
il Step: 52 “[ororsss ) 1968 1970 1972 1974 1976 1978 1980 1982 198
e ¥ ok | Results Table I Graphs I Crossplot | Histogram I Stacked Plot I Analysis I Mds I Ccdf I Proxy models |
# Model [Db]FunZ '] x + -L %A
Hist. Values Function Type: [History Matching, Quadratic ']
A0D1fe1 w0000 = = | |
0012100001 [ term ][ several berms][ Delete term ]
A001/e1_v00002 || | Term |Object Type | Parameter | Weight
AD0D1fel_w00O0D3 il. Groups Qil Total 1
AD01/el_v00004
. . . AD01/e1_vD0005 o
Objective function o] [~ 2
[¥] AD0yfe1_ vooooy || YD LGroups
b d G d AOD1/e1 V00003 |Q | Check all producers
Check all injectors
ased on Group an % e | | 2| Consi
. AD01/e1_v00010 > FELD' 1 =
Oil Total d=—
Weight Parameter: |Oil Total ~ | [calculate |
Parameters
Parameter Deviation  Deviati «
Ol Total 0,05 Relaﬁve%l
T| . [T ] o
sxenssnn  szemansn smasss
| = ™ :

Dy

Ok

A000000 ||

3500000 |-

3000000 p-el-

2500000 |-

2000000 |-

1500000

1000000

500000

Objective Functions

1968 1970 1972 1974 1976 1978 1980 1982 198
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Objective function S

AHM and Uncertaint
U Linear History Matching has been added

| Results Table | Graphs I Crossplot I Histogram | Stacked Plot I Analysis I Mds | Cdf | Proxy

% £ Model [ObjFunz | X 4 L%
o Hist. Values Function Type: |Hi i i = (1. . . )
A001/e1 100000 o abialon Matching, Quadiatc U Quadratic History Matchmg
Y AD01/el v00001 S A S
A001 /el 00002 Term j \ N ) 0 \ e\ &)
[r o AD0L el 00003 1 iGroups il Total 1 “Y U w a(@)Q U w a @
N AD0L/ el 00004 “Q
4| AD01/€l /00005 .
i AD0L/el 00006 | WJE — =
AD01/el_v00007 ' . . . .
o noty/e o || [O eesameaces] (I LiNnear History Matching
A001/el_v00009 4 Groups Weight —
AD01/el 00010 [+ FIELD 1 “Y S ( ) ( )s
1| 11y | 3
Weight Parameter: [Dil Total '] Calculate
Parameters
Parameter Deviation Deviation Ty *
[T] Oil Rate 0,05 Relative
[T] Water Rate 0,05 Relative
[7] Liquid Rate 0,05 Relative
[] Gas Rate 0,05 Relative
[] Water Injection Rate 0,05 Relative s
4_| 0 | b
From Step: 0 +/|ot.01.1967 \
Till Step: 52 =/ [01.07. 1983 -
1 F ok
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Fractures via workflow

U Workflows now support new operations with fractures

Module: AHM and Unw

Fractured bAdjust'HhAdjust Fracture TemplateAdjust FractureStage Adjust
Fracture Arithmetic
U Variables for history matching can be introduced as well

L

Foangzna”" Suannns
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E Calculations and Workflows

Available Calculations

Q

H
H

Hunnn
B B B W Rock Flow Dynamics

Utilities
Import
Auxiliary Calculations
Structural Modeling
Property Modeling
Dynamic Model
Export
Schedule
GuI
Fractures
Create
v Adjust
Adjust Fracture Template
Adjust Fracture Stage
Adjust Fracture Arithmetic

ll,.i _|

Workflowl - x + -t gi), ‘U\ 4

»
X

+

I,

Input variables
Adjust Fracture Template
Open or Reload Dynamic Model

Fracture Tel
LGR Size Nx:
LGR Size Ny:
LGR Size Nz:
[] Plane Name:
Path Name:
Up (Negative Z-Axis), m:

[] bown (Positive Z-Axis), m:

Effective Width of Fracture Zone, m:

Values

SRV Expansion to the Left from Anchor Point (stimulated_width_[), m: 50
[[] srv Expansion to the Right from Anchor Point (stimulated_width_r), m: 50

I:l Maximum Layer Number Up:

D Maximum Layer Number Down:

Permeability in Fracture Zone (FZ), mDarcy:

Permeability in Non-Fracture Zone (NFZ), mDarcy:

[] increment Size of SRV (stimulated_delta), m:

Multiplier of Fracture Length to the right from Anchor Point:
Multiplier of Fracture Length to the left from Anchor Point:
Angle of Fracture Plane rotation around Vertical Axis:

[] angle of Fracture Plane rotation around Anchor Point:

[] NTG of inactive blocks in Fracture Zone (FZ):

[] Poraosity of inactive blocks in Fracture Zone (FZ):

[] Permeability of inactive blocks in Fracture Zone (FZ), mDarcy:

Template parameters

=

Import workflow

-~

w

3
3
3

100
100
0.6096

0.001

1000 v

x Close

’ Run Workflow




Integration with Designer Voo avandn

U History matching in table modéthat is, on geological datamay now use
objective functions. For example, we can match fldittplace estimates.

Available Calculations

Q |
> Utilities

> Import

Import workflow

5
E
!
X
o+
t
&
A
K

Input variables %, Expand Grid Property in Cosines E] lModfy Ranges for Selected \lan'ables‘
[4] Create Table from Propert - -
_ Create Correlation Variables Base value Min. value Max, value Type

I-'t--ﬂ : o 0 R

> Auxiliary Calculations
> Structural Modeling
> Property Modeling
> Dynamic Model

> Export

> Schedule

> GUI

> Fractures

DEEEXE

FeFL h




