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Key new features in 21.4

tNavigator installation:

® Setup software (an installer) for the Linux version of tNavigator
has been added. The installer runs in the console and is
implemented as a sequence of ASCII graphic screens.

The program also installs the user documentation.
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Key new features in 21.4
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Key new features in 21.4

In the Simulator kernel:

® For isothermal compositional models in E3 format, the option
of modeling a two-phase gas-water system using an equation

of state is now supported (the GASWAT keyword).

® For geomechanical modeling, the linear isotropic plasticity
model is now supported. The tensor of plastic deformations
for such a model can be implemented as a function of the

parameters of the dynamic model.
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Key new features in 21.4

In the tNavigator graphical interface:

® Oil production graphs for various recovery
mechanisms are now available in black ol
models (oil produced due to rock

compaction, due to water influx, etc.)
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Key new features in 21.4

In the Assisted History Matching and Uncertainty module:

® A new mode to create a neural network for
a large number of parameters has been
implemented. In that case, a single neural

network is built, which helps reduce the

training time.
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Key new features in 21.4

In Geology and Model Designers:

® Itis now possible to create Page Layout with several
pages. This option allows the visualization of objects
that do not fit on one page. 2D-Maps of any size can

be printed using a simple A4 printer.

® The Preview option is now available to control the

data exchanging process in the Project Data

Exchanger.
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Key new features in 21.4

In Geology Designer:

® Itis now possible to set a custom name for each imported
well log. A dictionary of log hames (mnemonics) can be

predefined and applied to all imported logs.

® An interactive tool for quality control of fault creation has
been added: Fault QC.
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Key new features in 21.4

In Geology Designer:

® New tools are available to model Discrete Fracture Networks
(DFN). New settings are available to control fracture orientation
within the modeling area. In the list of available windows and
tabs, a new object has been introduced: Stereonet/Directional

Rose.

® An option for azimuthal images visualization and interpretation
during well navigation is now available. An option to generate
synthetic images for the drilled well based on the reference well

data has been added.
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Key new features in 21.4

In Geology Designer:

® New tools are available to work with geobodies and

triangulated surfaces:

- automatic creation of geobodies based on point sets or ,

fence polygons,

 interactive editing of geobodies’ triangulated surfaces in 3D,

- properties creation by geobodies,

* import/export of triangulated surfaces and geobodies in

tsurf, .ply, .dxf formats.
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Key new features in 21.4

In Model Designer:

® The following fluid properties associated with the analytical
model of polymer injection are now supported:

- the elongational viscosity multiplier as a function of the polymer
concentration in a table,

- the elongational viscosity multiplier as a function of the stream
velocity,

* the temperature-dependent polymer half-life period,

 etc.
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In Model Designer:

® In Fracture Simulator, it is now possible to take into
account the mutual influence of fractures

implemented at different wells to model the fracture

stage at the current well.

® In RP Designer, a new tab titled “SRP” (scaled relative
permeabilities) has been added to calculate the

hysteresis effect and RP curves in the presence of

surfactants.

It is now possible to visualize RP curves by changing

endpoints.
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Key new features in 21.4

‘\\
In Well Designer:
® A new object—Sucker Rod Pump—has been added.
:
J
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Cross-module changes

Many changes involved in tNavigator modules integration influence multiple
modules, but are only mentioned once In this presentation. These include:

® A common view of the log panel;

® Highlighting of calculations with variables in workflows;

® New grid properties in Model Designer and Simulator;

® ...etc.

For the full list of changes to each particular module, please read the
Release Notes.

This presentation contains only the main changes to every module. The
complete list of changes, together with the new keywords and options, are

likewise available in the Release Notes.
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Simulator kernel 21.4

tNavigator Kernel

Project Designers Meodeling 5Settings License Help
F‘arall l: Max System Threads =4 ~ | [»] Use GPU EE

tNa\ngamr

Geology Designer l Simulation l

Model Designer Simulation Results

E PVT Designer AHM & Uncertainty

Well Designer Batch Jobs

Network Designer Remote GUI

Licenses n Manuals

(Navigator

Rock Flow On,




Simulator kernel 21.4

GPU calculations

The following calculations are supported on GPU:

® Baker’s model for relative phase permeabilities of gas and water (BAKER1, BAKER2).

® The calculation of rock hysteresis (ROCKCOMP HYSTER/BOBERG + ROCKTABH).

® The calculation of polymer options (PMIXLIN, PMIXNLIN, PMIXTAB, PMIXVTAB, PLYELVSVCS,
PLYSHEARA, PLYELVSVA, PLYELVMAXA).

:

In full GPU mode (GPU_MODE 4, 5):
® The calculation of aquifers for compositional models with multicomponent water.
® The simultaneous chopping of pressures and saturations (RUNCTRL CHECKP 2).

® The export of boundary conditions for split models.

® The calculation of variables that are taken from the previous timestep in the AIM scheme.
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Simulator kernel 21.4

Options of multicomponent water and chemical

reactions in black oil models L

® For black oil models of E3 format, the option of  C
multicomponent water is now supported (the COMPW 31 R??émj
keyword). :

___________________________________ S PrOPS G

® For black oil models of E3 format (including models with | e ESTER BQ /
the option of multicomponent water), the modeling of CHTYPR
chemical reactions is now supported (the REACTION ;::URFS o
keyword). Qi 16-0 460 60.0 88.0 /

17
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Simulator kernel 21.4

GASWAT option

® For isothermal compositional models of E3 format, the option of modeling a two-phase

gas-water system using an equation of state is now supported (the GASWAT keyword).

o Yol ) - ¢ v BEENY <
Obﬂ() Y "UQ O - .

[ GASWAT_AQU_REAC DATA (3 | - ) U ’,\. & ° 3 (
| < ( ) : 3 ()
_.'L () N QO U / . i "J"
73  CNAMES I O o (\J - () K‘/ ¢ b ()
N c1 c2 cnzns / © ) | ]
75 O ( - - |
7€ TCRIT O
17 190.6 305.4 304.2 €47.3 1000/ U = S O ;
gh= ) ) CH \ \
. Q -8 P | N O
75 PCRIT g : e |
8L 46.0 48.8 73.8 221.2 1000/ ; o O }
- (S | ~ §
31 WL = { A o 5O
82  ZCRIT \ y O -, N ) O . o
83  0.229 0.229 0.229 0.288 0.288/ | \ “ O ‘ ;
(J\J 3 [ R ‘ O o ' >
3 4 O UO U o - (} Ok)l O (J) . U , O ¢
a5 > B e O O o O, ° b\:} O\ ; YO O O
56 R O ° v ° (O . OVU o .
87  ZCRITVIS ) J. o : ) o 3 U OV
88 5*%0.215 .-'"I U O N “ U O ; U
0 G o ' 5
i ; 0 ~ o
R\ © > O
91 0.0108 0.0998 0.2273 0.3434 0.5 / ’ 0 O \ v O QO ° t
43 MW S =) <
: 2 2 . U ’ = - 0°, t:U » ) 0 O
94 16 30 44 18 132/ o O O ) 090 0 ° "5 O
O ~ O " O Co v Oy . ° O
. O Lo Y O O 0 Y | - O~ :
(Navigator 5 0%, .. e SO ¢ 4




Simulator kernel 21.4

New options for models in IN, NE formats

For models in NE format:

® Polymer injection, polymer adsorption, and polymer effect on

T
- <

permeability and viscosity are now supported (the keywords are ol
VISCOSITY, ADSORPTION, PERM_REDUCTION, SHEAR,
POLYMER, EPHIP, STREAM_POLYMER).

For models in IN format:

® The Python object CellSelectionFamily (a set of blocks) is now
supported.

® The Python operations in the SCHEDULE section are now
supported.

(Navigator 19
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Simulator kernel 21.4

Permeability change in SCHEDULE

® The change of permeability in the SCHEDULE section is now supported via the multipliers
PERMMULT{X,Y,Z,XY,XZ,YZ,XYZ}.
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Cumynsarop 21.4

Labyrinth inflow control devices

® Labyrinth inflow control devices for multisegment wells are now supported (the WSEGLABY keyword)

ars
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147 22755
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[

An inflow control device (ICD) is a proven
well completion technology designed to
equalize the inflow along a wellbore
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Simulator kernel 21.4

Connection factor calculation

® The formula for calculation of connection factors for virtual perforations has changed: it now
uses the harmonic average instead of the sum of the permeabilities on both sides of the
fracture. The legacy logic is turned on by the FRACTURE_VIRTUAL_CF_LOGIC SUM option of

the TNAVCTRL keyword.
"7 T T T T T Thenewformula N T T Theoldformula :
| (FRACTURE_VIRTUAL_CF_LOGIC NEWTRAN) | | (FRACTURE_VIRTUAL_CF_LOGIC SUM) |
1 I I I
| T _ PERM NFZ.— | | 1 |
I block— frac — . - L1 | I beﬂc‘k—}fﬁtﬂ — PEW_NFZ. S . ( | ) I
I (T] ' Tg) [ I dq {.'12 |
-\ V4 -\ /J
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Simulator kernel 21.4

Geomechanical modeling

® The linear isotropic plasticity model is now supported. The tensor of plastic deformations for such a
model can be implemented as a function of the parameters of the dynamic model using the keywords
GMPLSTRX, GMPLSTRY, GMPLSTRZ, GMPLSTRXY, GMPLSTRXZ, GMPLSTRYZ to define the tensor’s

X

| 3

components o

TG

:. o . — ob e
i % 7 €ij = &; T E&;j
' a,

Hooke's law, in accordance with the initial conditions and the
X1/ | dediad correction for plastic deformations, takes the following form:
GMPLSTRX B 3N GupLSTRXZ

GMPLSTRY GMPLSTRYZ
-
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Graphical Interface 21.4

Visualization of the Plastic strain tensor

® Plastic strain tensor components can now be visualized in 2D and 3D (2D or 3D - Grid Properties -

Calculated - Plastic Strain Tensor)
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Graphical Interface 21.4
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Graphical Interface 21.4

Graphs of pressure drops in network nodes

® Graphs of pressure drops in network nodes are now supported (the NETWORK option):

The network type is set via
parameter 7 of the NODEPROP
keyword

- the pressure drop in a production network node (GPRB);
- the pressure drop in a gas injection network node (GPRBEG);

» the pressure drop in a water injection network node (GPRBW)

Water injection
network

(Graphs = Node = Pressure - Node Pressure Drop)
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Graphical Interface, Model Designer 21.4

Displaying graphs by blocks in binary format

® Graphs for blocks saved in UNRST/UNSMRY binary format can now be visualized (including the velocities

of oil, gas and water). It is necessary to set the output to the restart files so that they contain the
corresponding property (for velocity, the VELOCITY option of the RPTRST keyword should be used) and
the |, J, Kindices of the grid blocks using the B* mnemonics in the SUMMARY section (for velocities, the

mnemonics BVELW, BVELO, BVELG should be used) (Graphs - Graph Templates - Blocks - Parameters)
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Graphical Interface, Model Designer 21.4

Graphs for oil recovery mechanisms

® Oil production graphs for various recovery mechanisms are now available in black oil models (oil

Total stock tank oil produced by:

1
PRC = —d(PV) %S, % — Rock compaction
i
1
ULRRIALCOAS W Water influx
:’fa
PGI=PV+d(Sp)+z- ([
B,
|
POE =PV %8, *d(B—) Oil expansion
i
1
PTW = PV xF,, %d(S,,) * B Traced water influx

o

1
POW = PV % (1 —Fy) xd(Sw)
o

1

PTG =PV x Fy xd(Sg) * -
o

Other water

influx

Traced gas influx

Other gas influx

1
POG =PV % (1 — Fye) xd(Sg) -

()
where;

PV is the pore volume;

S, is the oil saturation;

S, is the gas saturation;

S,, is the water saturation;

d(PV) is the change in pore volume in one timestep;
d(S,) is the change in gas saturation in one timestep;
d(S,) is the change in water saturation in one timestep ;
F,: is the fraction of S, that is a water tracer;

F, is the fraction of S, that is a gas tracer;

B, is the oil volume factor.

Auto Sync

Q

> Wells

v FIPNUM
* Region 1

> Well Filter

Total stock tank oil produced by rock compaction
Total stock tank oil produced by water influx
Total stock tank oil produced by gas influx

[] Total stock tank oil produced by traced water influx
[] Total stock tank oil produced by other water influx
[ ] Total stock tank oil produced by traced gas influx

[ ] Total stock tank oil produced by other gas influx

[ ] Fraction of total oil produced by rock compaction
[] Fraction of total oil produced by water influx

[ ] Fraction of total oil produced by gas influx

[ ] Fraction of total oil produced by oil expansion

[ ] Fraction of total oil produced by traced water influx
[ ] Fraction of total oil produced by other water influx
[ | Fraction of total oil produced by traced gas influx

[ ] Fraction of total oil produced by other gas influx

The fraction of total oil is calculated in

produced due rock compaction, water influx, etc.) (Graphs = Analytic

Sma

olume, min

s 2 FIPNUM - Parameters)

Region 1 :

I:Iil F"rl:lljul:Elj h"_l,-" rl:ll:il‘": I:Zl:er'lpial:itil:lﬂ . ......................................................................................

oil produced by water influx |
Total stock tank oil produced by gas influx

— Total stock tank oil produced by oil expansion
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Neural Network Proxy Model

AHM and Uncertainty 21.4

® A new mode to create a neural network for a large number of parameters has been implemented

(Create Neural Network Proxy Model from Selected Variants - the tab Proxy Models - Create Single

Neural Network For All Object-Parameters). In that case, a single neural network is built, which helps

reduce the training time

Previously, for each selected object parameter, its own

neural network was created

.
ENER

BB Rock Flow Dyranics

_I_'_I_ Create proxy model

bd

Proxy Model Name:

Initial Variants Group Set MName:

proxy 1

proxy 1 group set

Mumber of selected models: 13 Mumber of appropriate models for proxy: 13

[CY

Current Parameters:

Objective Functions

e

Object Parameter Time step

“ FIPMNUM Group 'FIELD" Ol Total 01.01.2024
REGION 1 Group 'FIELD"  Liquid Total 01.01.2024
Variables Y| | FIP'REGION 1' Oilin Place 01.01.2024

* Fluid-in-place
Qil in Place
Water in Place
£

]

W
>

Time step:| 101

+ | X

Yariables' Parameters

Yariable name

AZIMUTH_FRAC
FALLT_MULT
KV_KH

K_PERMI1
7] ¥ DERRAD

Proxy Model Yields Only Positive Values

(® MNeural Network Proxy
Meural Metwork Proxy Params

+1|/01.01.2024 ~

An additional option to create a single
neural network with output to all

object parameters has been added to
the proxy model creation dialog

Mumber of Meurons in Hidden Layer: | 20

Significance Threshold: |D.i

Crossvalidation Parametrs
[ ] Run Crossvalidation

Mumber of Folds: |'I'I]

. 30
Cancel




AHM and Uncertainty 21.4

Setting custom variables for the
Ensemble algorithm

® Custom variables can now be added to the Ensemble algorithm. They are specified in a custom

workflow (Workflows - Available Calculations = Property Modeling - Ensemble = Create Variables
by Ensemble - Add Custom Variables With Respective Workflow)

IN Calculations and Warkflows — O >
= Available Calculations " + @ x (mx2 (A7] Generate [nitial Ensemnble
ij Q=—| Workflon d.] = J g.] g.] I“i 5 C H H 1 i Input Data
> Utilitie B Input variables Gridk: Al [PUNG_53M v|
@ Import X2 Python Libraries [ Zone: (P ACTNUM hd
Auxiliary Calculations .TI 1 ."' Generate Initial Ensemble Facies Log: I%|Facie5_lu:ug_wf "|
Structural Modeli
v Property queﬁ“;g u Porosity Log: |$~:|Pu:|ru:|_ln:-g_wf tH Calculations and Workflows _ 0 W
Create </> Permeability Log: |<2|Perm_log_wf i | Available Calculations + X "x2 =] Create Variables By Ensemnble
Property Interpolation G t I ltl I Variabl E-j Worldflon ~ [E] [E] [E] [E] ri ‘) C H ” i i Workflow N |AHM WF |
. ariables orriow Name: | e
E;DEEECCJL?JZM” t enerate an initia Facies Modeling Variables: > > B Input variables Gridk (@l [PUNQ_S3N hd
Copy Prope R N PP Iy —— v Auxiliary Calculations N able -
CDF‘FBin: r;.‘f’m ety Ensem ble ame ase value Min. value Max. vald @ Structural Modeling X2 Python Libraries Result Permeability Property: ﬁlPEHM_ENS v|
py Binary Prop 'l FACIES_RANDO... 1 1 1 v Property Modeling m u e
Property By Contacts FACIES_VARIO_... 5000 10 10000 Create Tl e —— Result Porosity Property:  (PPOROENS ¥
Property by Cross-Section - _ m A Create Variables By Ensemble [PERM_ENS, ... . :
Property by 20-Map FACIES_VARIO_... 5000 10 10000 Property |”tEfF3'3'|E_‘t"3'” Choose Folder With Ensemble Of Properties
iss!gn hetween_surfaces Ij FACIES_VARIO_... 95 47 190 Permeability Ba... Porosity Basis Property ~
ssign Value Inside Palygen
Property By DFMN 3( FACIES_VARIO_... 0 0 180 nc ec e ox 1 Ensemble... Ensemnble porosity property_0
Property By DFM Upscaling . . . U h k th b i
Properties By DFN Average Distance X Property Interpolation Variables: 2 Ensemble.. Ensemble porosity property__1
Moving Window Filter [l_' Mame Base value Min. value Max, valy m mgm 3 Ensemble.. Ensemble porosity property__2
' [
Evmﬁﬂ’;hllﬂg Caleulat v PROPERTY_RAM... 100 100 100 Create an In Itlal 4 Ensemble ... Enzemble porosity property__3
ells Filters Calculation
Preload sronertie > PROPERTY_VARI... 5000 10 10000 5  Ensemble.. Ensemble porosity property_ 4
v Ensemble PI PROPERTY_VARL... | 5000 10 10000 ensem ble &  Ensemble.. Ensemble porosity property__3
Generate Initial Ensemble PROPERTY VAR a5 A7 190
care warl a0 o - 7 Ensemble .. Ensemble porosity property__B
Dynamic Model @x PROPERTY_WARL.. O 0 180 oy T v
Export : : Moving Window Filter x = Add Row | X Remove Rows
Schedule __ Sm':":'thmg _ (] Add Custom Variables With Respective Workflow
GUI Workflow Mame: | generate Wells Filters Calculation ['=|
Fractl.lre-s . Ensemble Size: |20 Preload properties - [ ] Adjust Kv/Kh
Machine Learning - * Ensemnble T
Geomechanics i il > . _ _
Folder |Ensemb|e| Create Variables By Ensemble h-T [] Create HM Project (With Prepared Workflow To Run ES Algorithm)
Uynamic Mode v
Test #F Debug Workflow  Run Workflow on Cluster P Run Export
o v | @X
L4 >
Test #+ Debug Workflow Run Workflow on Cluster P Run Workflow = X Close (7] Help
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Building a Probability Model

® A probability model can now be built (the Build Probability Model button) in the Analysis tab on the

basis of calculation results of some experiments if they are run in the same variable space. The
variants and the objective function that will be used for building the probability model should be ticked

in the Objective Functions and Results tree

Project Toclbox  Settings  Files  Help

j"\i [E] r-é $ E $_E StEF": 5'3 : ﬂ-l'ﬂ_"r'-lgsg - | | | | | | | | | 1 | 1 1 1 | | | | | | | | | | | | !

T:= Project Info {} Settings X | ale x Histogram X Crossplot X Graphs X Stacked Plot X 41 4 J‘b
.ﬁ. Calculations Q = Pareto Chart “= Tornade Diagram E

Objective Functions and Results Model Info ~ == Add Quantile Load Quantiles Settings | Save Quantiles Settings|| Build Probability Model} Ready
© flroups
Q m | Yl | > wels P10 P50 Pa0
v [m] Ml [1] Latin Hypercube A Prod. Network h FIELD Avg. Pressure bars  207.689 206.207 206.042
1 Il 2001/21_v00000 Q
KB ~001/e1_v00001 FIELD il Total sm3 3.93209e+06 3.71532e+06 3.38172e+06
Bl A001/e1.v00002 oas Lit Tota 8 947450 733918 533228
Bl ~001/e1_v00003 Injection Make-up Gas Total HELD Water Total sm3
. E iﬁ]ﬁ-' cccc; Make-up Gas Total ¥ FIELD Liquid Total sm3  4.57279+06 4,45216e+06 4.0155¢+06
= £ >
Select variants and O

1 M 2001/e1_v00006

an objective function =] ' EllE

1 Il 2001/21_v00008

for building a (] Il A001/e1_v00009

1 Il 2001/e1_v00010

probability model o et oo o Previously (in version 21.3), building of a Probability
' Model within one experiment was supported. In version

1 [l Bo01/e2_vD00O01
_ _%mmﬁm& il 21.4, this is implemented for any combination of @
!Na“mamr@ experiments and models with the same set of variables 32

BB Rock Flow Dyranics

FIELD Gas Total sm3 3.28436e+03 2.85507e+08 2.72178e+08

Current Parameters:

Object Parameter ™ FIELD Watercut fraction  0.341396 0.331528 0.311575




AHM and Uncertainty 21.4

O.F. Standard

® A new type of objective function, Standard, has been added to help cut outliers on timesteps

Project Toolbox  Settings  Files  Help
A =g = BE 62 sep[52i2] 007108 ~
B Project Info Setti Objective Functi Table X Hist
: 7 e o TR EY Formula for Standard O.F.: :
.ﬁ. Calculations My_ohj_func Term Weight Object Type Parameter 2 I
Objective Functions and Results L 1 L Rt ’ S ik — 0 ik I
i Objects History Matching, Cluadratic 2 1 Wells v WaterRate - I n W q' ) q' ‘
Q | | .-l Y History Matching, Linear \ \ t=1 k 0' . I
¥ Expenments Tree Q = t Opti '.t' — I q’l’k
orecast Optimization — .
=N 1] Ternade ¥ Wells Custom < OFGLOB — Wl Wq n I
v (Objective Functions PRO=TT + | [ X I V t=1 Wk I
(®) My_obj_func PRO-4" 1 l=1 q=1 -
O Oil Rate Mismatch PRO-5' 1 I |
':::' ]u"'llrElt!..Er Rate |"-.-"|i.5r'|"IE|1I|"| :Egg'::;_: :: " .-‘5-.[][]1"!5'1_'4'[][][][]1 l
':::' L|'3|'-||d Rate Mismatch - ;5..[][]1.'91_...'[][][][][] E EEE ESE SN BN BN SN SN BN R S g, e
(O Gas Rate Mismatch Weight Parameter: | Oil Total - | @ , A001/e1_v00003 e E— B B B m— — — o
() Qil Total Difference . : . A001/e1_vD0002 ~ .
() Water Total Difference * Multiple Object Selection AD01/e1_vOD0D04 I OFGLOB IS the gIObaI O.F. I
() Liquid Total Difference v Producers . AD01/e1 vO0DO0S S is the calculated value I
I:::l Gas Total Difference il LS .-"1"-.[][]1.-'IIE!1_'-.I’UUUUE- _I ] ] ) !
v Variants Gas ! A001/e1_v00007 O is the historical value of the component, |
=] [ Hist. values Water AF]D‘I.-"E‘I_‘-;’UDUDE . . - . .
& M (1] Tornado v Injectors Hist. 1'u'ri5||1E!Ei I q I_S the identifier | at the tlmeStep k1 I
v Groupsets Gas 3 il | olisthe measurement error,
v () Experiments Water o ;: . . .l I
2 Bl (1] Tornado = o | wis the weight coefficient,
| | ¥
1967 1966 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1960 19861 1982 1983 1984
Date
Mk @ [ 3 Ok Q)
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Geology Designer and Model Designer 21.4

Manually assign a trajectory to a well

® Itis now possible to manually assign the trajectory being imported to a well. If some wells have already

been imported into the project, the user is able to choose one of the options: delete all the trajectories
and import them again; update all trajectories; import the trajectory as one of the possible versions of

the well trajectory (Import - Well Trajectories = User Defined Well Search)

IN Calculations — [ b4

v Import Well Trajectories () Update existing well trajectories or add new
Well Trajectories . - . i
Well Heads CrrE PR RS T VR T () Clear existing well trajectories and add new

Well S5ymbeols () Update existing well trajectories or add new — : . _
User Patterns ) Clear existing well trajectories and add new (® Add existing well trajectories as new versions |
Copy '® Add existing well trajectories as new versions

Translate Wells Trajectori ificati
ransiate Vvells Irajectornes Use for |dentification: | name -

Elongate Wells Trajectories

Create Log by Trajectory Lser defined well search ‘ -
Export Well Trajectories Input Data Type MD XY Z v BR Wells Table X 2 2D x (7 at
Method: Minimum Curvature Well Mame Traj ectory Version :
—| File Names N Versions >
1 15_9-19E default
Well Name File Name (I Well Fitter A7 Al Wells 7 et ! defanlt Modify versions for well 13_9-F-1
15 0-F-1 Buder 3 15.8-19.A default
:..15_9-F-1_C.dev 4 15 9-19 BT2 default
~ 3 13.9-19 5R default default
15 9-F-10_Prod
15_9-F-11_PROD 13_9-F-1 4 (4)
15 9-F-11_A_PROD
L e 7 15 9-F-10 Prod  default als Select current version 4 b
Add Row | X Remove Rows Add Selected W
8 159-F-11_PROD default = —

&

tNa“Igalor AT Clear +-E;| Add to Workflow P Apply X Close ® 35
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Geology Designer and Model Designer 21.4

Multiple Grids)

Multiple Grids in the 2D visualization tab

® Multiple grids visualization in the 2D tab is now supported (2D tab - Settings - General - Allow

| Cases

Es

.ﬁ. Geometry Objects

» Q.l
+- [+
# [

— .
= Horizons

ﬂ Faulted Horzons

f Faults

o7 DFI

LY
a Geobodies

-Tfi: Triangulated Surfaces

F- Graphs

™y

Fault Lines

#- ] E Structural Models
[+ E Stratigraphic Tables
V] (i 3D-Grids
-- g main_grid
# [ G Grid1

%l_ Geosteening Objects
=D Rotation Point

+| 71| x| #|

Fluid Properties

Wells Data

Data Analysis

Graphs

{} Settings

General

[+ Grids

-- Wells

- Metwork Designer
#- Bubble Maps

[+ Polygons

[+ Horizons

- Synchronization
Pyes

- Layers

Sox -

General Settings
i~ Aspect Ratio

Rotate

v Show Compass | Compass Icon
I~ Scale Bars

I~ Use Vertical Text

I Use Fixed Scale

Scale: I'I ﬂ

I~ Synchronize Camera

Background Color: -
Object Selectior =~
Qb

g
g
-

(P 301

{Navigator:
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Controlling the position of visualization tabs

® Itis now possible to enforce a uniform size upon the visualization tabs using the CTRL key

oo x | Hiseismic x | 2Ecn¢|v| 4+ [ Wellsection x |+ P x |+
24

1: 246

o0 x | H seismic x | 25 cross-sectiofs x | BR WellsTable x | ll, Histog ¢ *[+| (P x |+

(&3]

aeda =

L
el

H.
R
&
3
s/

ic X Z= Cross-Sections X I EE wells 4 ’|+ (3 x |+

Well 24; TVDSS = 1732.28%  Main Scale is TVDSS Z scaling: 80,3736 .

7

& =

Z scaling: 80,3736 .

L=

500000

::?:g:m:ﬁr\ﬂbﬁ_

eismic X == Cross-Sections % |‘| P|+ 1 Well Section % |+ WELE |+
24
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Je
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Silts
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Geology Designer and Model Designer 21.4

General: Workspaces

® An option to save tab combinations in a project has been added: display all the necessary tabs in the

project 2 View = Workspaces... 2 New State - Enter the name = Apply State

Moox [oaoi1x [wwerx ooz x  (Fawzx == Cross-Sections1 X | k= VPC2 x

IN Workspaces >, i

Save state Tabs

Yyoao1x + awax + Cases II f
Geametry Objects N
< et _ _ LN Enter new name >
| Fluid Properties
Wells Data Mame: |20 _window :
i = Fooo1x + +
B 479e+08) Data Analysis | |
Ok Cancel
6 4792eHlE5 B 4792eHlE
6.4788e+HG 6 .4758e+06
6 A7B6e-+06 B 4766e+05) B.479e+0Br B.A79e+0Br
X J’DEIDHH ﬂ’jr_‘:‘ll‘ll‘l ﬂ’:\r_‘!j CI GSE
+ Mon:ix + B 4788e+H6 B 4788e+HIG
6 4792e+06 B A4792e+HlG
6 4786e+HI5 B 4786e+HIE
IN Workspaces bt
*
E.-d-?gE'\"DE . 5 ,4?994’05 . '. A200nm AT arrm A2TTnm A2 Arim
o SEH-E EtEtE TE h g LX, th. Dimensionless Quantity [40, 35, 1] = [436003,47249; 6478773,71268; 2985,7008] = 1000.0000!
DE20 x | (P2x  E=cCross-Sections1 x [ wecax  + Woooax +
Cacec : E EENN=} ,
B 4788e+HI6 B 4788e+HIE- A U E Et I:Ih L—t ED
EOM ects
ED r_'p" d 'I = ED 1 B 4792eHI51 B 4792eHIB
windows
6. 4786e+06 B 4786e+0G - - - = ED ‘:—‘
' | Fluid Properties
X . . . W 2 2D 3 i I
nnnnnnnnnnnnnnnnn ells Data B 473+05 B 473405
Data Analysis
Graphs
B 478851 B 4788eH6
+|TI |2 (X
l::l B 4786e+H16 6 4786e+HIG
osE
A
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Preview of data exchanging results

® After the objects for exchange have been selected, the user may activate the Preview option, which

highlights the objects in the current project list of objects (Project = Project Data Exchanger -

Preview)

I’If an object has been updated, itis |
highlighted with the icon ¢ 3 |

I\ \ S

{ In the list of current project

| objects, the updated objects are :
I displayed as two names in preview
I mode: |
I  1opd-> Topd [
I = 1op3-> Top3 [
| = Topl-> Topl ]
D e ———— o’

(Navigator:

NEE Rock Flow Dyranics

_I_H_ Project Data Exchanging Tool

Current Project

C:/Users/ {Unsorted/Desktop...1.4/ENG/Project_data_exchanger/test

Q

k' P Objects ~
AT Well Filters

j |s Logs
§| |§ Well Structure Tables \\
@ Cross-5Sections

=l 20-Maps
Trend_Sandstones

Trend Shales W

v o Horizons —
= Topd-> Topd —
= Top3-> Top3 (%
= Topl-> Top (S
Faults

() 30-Grids
A wells
o Well Groups W

Selected objects

Related objects Parent objects

() Create new objects Add suffix to new object | Copy

() Replace or copy by ohject global ID
(® Replace or copy by object name

| Convert unit system for objects

Result
/Unsorted/Deskt...4/ENG/Project_data_exchanger/test_1.snp | X

(] AT Well Filters

A I-;'L" Logs
,|:| §| |§ Well Structure Tables

b % 20-Maps
@ Trend_Sandstones
% Trend_Shales

b == Horizons
o= Top1

[] E Faults
1 6 30-Grids
1 A Wells

Objects ot

o Well Groups W

Selection: %] | Filter: [ # € || »

Close Help
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Highlighting of workflow items with variables

® Calculations containing local variables can now be highlighted in the workflow. The highlighting is

implemented via the (@X icon which symbolizes the variable (Calculations and Workflows - Show

variables tooltip)

C Input variables Input variables
%2 Python Libraries Python Libraries
= 1 £} Switch Window £+ Switch Window
.TI 2 @ Variables @ Variables
<f> 3 @ Creation of the folders and set the map to copy @ Creation of the folders and set the map to copy
4 @ Step count _ @ Step count
- = ¥ For[iin steps] : @ .i [ 3 Forliin steps]
*&j B @ Switch the step ] : @ Switch the step
7 o Delete Object : i o Delete Object
\\ \ g W Calculate Isobar [Pressure_property] [ : B Calculate Isobar [Pressure_property]
\ \ - = = Folder : @x | & P Folder
\\ \\ EI 10 = 20-Map by Property [@MAP_NAME®@] | @x : = 2D-Map by Property [BMAP_NAME@]
\\ \\ g‘: 11 @ Move to the folder : I ' Move to the folder
\\ \ x 12 ot Copy visualization settings I : Lt Copy visualization settings
\\\ \\ [-h' 13 {3} Select Geometry Object : (@ : £} Select Geometry Object
\N \\.4 14 i Show Palette : @x | e Show Palette
\\ \7T 13 £} Adjust Size I : {3} Adjust Size
“ | £F Print I @x | 2% Print
t - I O LS b | $F Select Geometry Object o Lox | £} Select Geometry Object
INavigator:  Yo) ol oficimmee e 40
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Well Filters creation via Workflow

® Itis now possible to manage Well Filters in the workflow via Python functions. New functions allow

creating and editing well filters (Custom Code = Well Filters = get_all_well_filters(),

create_well_filter() etc.)

For example, you can create a filter based on the presence of certain

WWell Fiter prefixes or postfixes in the well names

.add_tag (tag_class=<string>, tag=<stnng>)

add_wells (wells=<optional<vector<wf_api_WELL_classras anelle name=<antn Custom code

add_wells_by_sufix (prefic=<optional<string> >, postfix Well Name Code editar

.clear_tags (} 1 15.9-19B

.get_3d_bounds () 2 159-195 1 filter-=-create_well filter [name:, overwrite_existing=True)

get tags 3 15.9-19 A 3 postfixes-=-["PROD", - "Prod”, . "Production”, - "prod”]

getwells [ 4 15.9-19 BT2 ) - -

has_tag (tag_class=<strnng>, tag=<strning=>) EE— . for-1-1n.postfixes: _ o

is_empty [ 5 159-19 SR & =+ fllter.add_wells_by_suflx- (postfix=1)

.name B 13 9-F-1

remove_tag (tag_class=<string>, tag=<string>) 7 15.8-F-10_Prod Well Mame

remove_wells (wells=<optional<vector<wf_api WELL d . 15 0-F-11 F;I;'LED — > |1 15.9-F-10_Prod

create_well_filter (name=<strning>, overwnte_existing=<{ 77 2 15 9-F-11_PROD

get_all_well_filters () 9 [PO-F11A PROD v [ H WEII Filters ) P " brOD

get_all_well_filters_in_folder (folder=<string=) 10 15.5-F-11_B_PROD s sorm E_F-ﬂ-ﬁ-ti-};

get_well_filter_by_name (name=<string=) 11 159-F-11_T2_Production | L e —— | T T TTEET

well_filter_exists (name=<string>] - 159F13P_r_,:_,,5| ..................................... 5 15.9-F-11_T2_Production
tNaUI!lalor 13 15_9-F-14_PROB 6 15_9-F-12_prod 41

—— 7 15.9-F-14 PROD

NEE Rock Flow Dyranics




Geology Designer and Model Designer 21.4

Page Layout: add a screenshot via Workflow

® An option to add the screenshot of the current tab into the Page layout window via a workflow has been

added: Calculations and Workflows - GUI - Create - Add Screen to Print

_IH Calculations and Workflows — O b
2 | Available Calculations + M x "mx2 mT] Add Screen to Print
‘;'4- e C Input variables Page Layout .._..
ilities
B Import %2 Python Librarnies [ ] Add To Last Page
Auxiliary Calculations = 1 £} Add Screen to Print Page Number:
Structural Modeling Tl 1 -
Property Modeling =
Dynamic Model <=
Export
Schedule
v GUI
¥ Create T&

Add Screen to Print
reate: lable to Frin

Adjust

Select Ij
&
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Show

Others
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Machine Learning
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Geology Designer and Model Designer 21.4

Page Layout: Page, Circle, Rectangle

® Itis now possible to create Page Layout with several pages: Page Layout - Pages Operations - Add

Page

® Itis now possible to draw circles and rectangles in the Page Layout window. These options can be used to

highlight important information: Page Layout - Add Circle/Add Rectangle

Add Circle

— =
EEER i

Riock Flow Dyramics

Add Rectangle

Add Page
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Geology Designer and Model Designer 21.4

Page Layout: Multi-page print

® An advantage of this feature is that maps of any format can be printed using a simple A4 printer:

Page Layout - Pages Operations = Use Solid Page = Settings - Solid Page Area

Page Settings

Page Size:

~d e
Crientation:

Landscape e Add Page
Units:

Remove Page

Use Solid Page

pixels
Width:

TR

1920

Height:

Vertical Orientation

Hornzontal Orientation

-I-||-\-I|'\-I e
L L

Solid Page Area

3 . - . - 1 — ([ Al { - N 3.3 5> | = 4 5 = &
1 ~ “ S N ‘ - { ", N € \el o ¥ @ ), | ) _ \ Y \ 4 2
s o — = \ X s ot o < >
: i~y ' Ry 1 1 L A i — | 2 L e )%
> A8 f{ § . 9 ” % 0 - (—: - wy :.5‘ , o /
- | 5 3 y
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Contents

The following options are now supported:

A common view of the log panel with an option to
search and filter messages by tags or mask is
now supported for all tNavigator modules:
Simulator, Geology Designer, Model Designer,
Network Designer, PVT Designer, etc.

U pd ated Log Pa n el Message prefixes visualization (step, day, date,
time);
Displaying information about dates and well

names in error messages;

Clearing the log panel from all messages;
Changing message colors;
Output of log messages from several modules at

the same time.

- '
| ] i

Roack Flow' Dyramics




All tNavigator modules 21.4

Common view of the log panel for tNavigator modules

® A common view of the log panel with an option to search and filter messages by tags or mask is now

supported for all tNavigator modules: Simulator, Geology Designer, Model Designer, Network Designer,

PVT Designer, efc.

-0 H %ﬁv‘c - @ »p 11 Oruntilistep: 0 3 [TE]MR01.022015 ~| 0

HS ~A¢C ermil )(DRuntillStep::-:1%&15.4}5.24}11v!,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

T:. Definitions | Auto Sync A an £ Histogram @ .t. Cases | -n- Settings » a 20 x a D x ;é; Seismic X
n : - L] N e
: : General Settings - :
Grid Properties 9 _ Geometry Objects General ~
- A| XY Asg : =B n E = — |
|> Initial A|v -g;i._ % '\Q| |E T|vﬂ
: =
| = & S renceroygens 2 Geology Designer and
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2D Histogram | ieslg oap Wells Data | IN Log Filtering Settings oy
es' Captions .
Fluid Properties | Show Compass i Data Analysis | Axes Color ¥ Select Current Filter LCI-g Filter 1 S x + |D i i Save SEttiﬂgs
. Z scaling: 17,0765 Font Setti . ) . . . .
Schedule Show Grid ey e Graphs | L Font Settings [*] Activate Filtering by Tags Activate Filtering by Mask

_________________ ~ ' 12/27/21 82:57:4
. » L L
=======+=======ss=======s=s==ssssss======s=sssssss======sssssss=s=====ssssssss=====ssssHsssss=s=ssssssssss==sssssssssss======o=o=: {RT,SY 2/27/32 2:G7:4 4 ______ Q | | MESk
CRU GRU {RT,5¥ 2/27/21 82:57:4 GPU |
{RT,SY 12/27/21 @2:57:4

o oo S L e o P e ===========-====-====-=-===-=--=-s--=-s---=s-SS-=SSS=SSS=Ss-SSSSS=s-s-S=SS=S==-=-======= S=S=-==S-================ -I |r|a|:t|1||'E blﬂcks EDITP'JNC
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vpe use available ype | use available | use {RT,5¥ 2/27/21 B2:57+4 used available | type | used avai
T EE——— e S e . 0000 imer T averare e luse T [«] {EA} EXPORT DATA 2 glnfﬂ-rmatlﬂ-n. well heads coordinates
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"""""" 51"-1LLF'.TIC'h STARTED FROM DATE 15.85.2011 ssEsssiass W ——— - o T T ’ ’ ’ - - T {Iz} |N|-|-|AL|1A-”|:|-N

{16} JOBS

Finished. Elapsed: 00.03.01 Model read errors: 0, warnings: 613 h 4 A 60 My 34 Qo 0% Paused Y [ A My 16

100%

HRESERE®A OC .?DE"C‘-WEE&EH' HE S BE @ & A = [ {LI} LICENSE

{LC} LINKS_MNMC

= Q ) . N X Scheme Map x Tables X Objects < (» @ |:= Compositional Variants | il % Gas X Water ® PVTCalculator 1 x| == I:l {LD} LDAD_DATA
saw i i
'ﬁ' & 2-phase Separators & — . @ :_i_; Black il Variants | prs::':arﬁz Varia .

& 3-phase Separators s ® » = ® . § § IOF) QBJ_FUNC

@ Automatic Chokes ot Q, ....................... e 2| 110,1325 0,5025 — - W

@8 Chokes Network 19,7317 0,5052 |:

@ Compressors . A0 | P 05067 ] Show Message Only i Al fts Tags Are Selected

Constraints i 0 . . .
g . Elerment DeSIQ ner (O] Thermal Variants 29,3309 0,5082 Display Only Tags Present in Current Log (® Hide messages
roups of Elements e amnn g

&) Injectors - Samples < [ ] Show Message Tags () Show messages
1garag] A 114] Rock Flow Dynamics (R} tNavigator PVT Designer [v21.4m-1895-g232f35e677C] .
18d:408] Enable Automatic NO 114] Access granted via Model Designer license. LCI-g .llul"EFbDEIt_'f:
184:4a] pifferentiation :28] pone calculating Live 011 (PWTO) table in variant 1
184:48] +=================ssssssssssssssséssssssssssssssssssssast :31] Done calculating Dry Gas (PVDG) table in variant 1 Mormal I[recn-mmended] s
1841407 Enable Fully Implicit Pipe Mo :34] Calculating PVT Calculator 1 in variant 1...
184:4a] Calculations :34] Done Calculating PVT Calculator 1 in varilant 1
1@4:48] +===================sss=sssssssss+ssssssssssssssssss=sssse Close
181487
184:48] Network Designer results path:
1841407 C: /WORK/project.tnavprojecteng_1.tnavfiles/network_designer/RESULTS/@.ndfiles/ W

Initial Warnings | | All Warnings | | 2 My Warnings h 4 /0 00 Y A0 0o 46



Graphical Interface, Geology Designer, Model Designer, Network Designer, PVT Designer 21.4

Message prefixes visualization in the log panel

® Blocks for message prefixes (step, day, date, time) are now visualized. The format settings of message
prefixes can be changed using the REPORTFILE and REPORTSCREEN keywords

(Log panel = Right-click 2 Show Timestamps/Show timesteps)

Timestamps Timesteps

PAV: 185.2, OIL: 458.73, GAL: 22389.89, LIQ: 454.15, INIW: 729,84, INIG: g.82, INIO: g.88, WCT:2.888, GOR: 49.5 s
#EFEsss FINISH REPORT N 883c ON @7.84.2012 #s#FF#s

o - - =W - - - - -— - - - - -
[ = | = O N =0 | = b i Kl = - b =l ™ | =1 = - e B T e

731.33, INJG: g.88, INJO: g.88, WCT:2.886, GOR: 43.2

- 31514.57, LIQ: B57.33, INIW.:
FReress FINISH REFORT N @237 ON 15.84.2011 #7357+
PAV: 185.&, OIL: B12.76, GAS: 28425.32, LIQ: Bl&.39, INIW: J76.88, INIG: g.82, INIO: g.88, WCT:9.886, GOR: 45.6

step 37 (87 MAY 2812 #esRssE FINISH REFPORT N @838 ON @7.85.20812 ##F+#Hs

step 38 (87 mAY 2812)] Bottom hole pressure limit not set for well 48 111l use default value of 1.813 bars

step 38 (87 MAY 2812 Bottom hole pressure limit not set for well 15. Will use default value of 1.813 bars

step 38 (15 MAY 2812 PAV: 185.7, OIL: 2l5.87, GALS: 2e218.21, LIQ: a28.11, INJW: a55.38, INJG: g.88, INIO: 2.88, WCT:I2.885, GOR: 45.1
step 38 (15 MAY 2812 #sass® FINISH REPORT N @229 ON 15.85.2012 #FF#Hs

step 39 (15 MAY 2812)] Bottom hole pressure limit not set for well 22. Will use default value of 1.813 bars

step 39 (2 AY 2812 PAV: 185.8, OIL: 269.97, GAS] J8836.42, LIQ: 2/4.58, INIW: g82.71, INIG: g.8g, INJID: g.88, WCT:2.885, GOR: 44.6
step 39 (21 MAY 2812 s FINISH REFORT N 8848 ON 21.85.2812 #E5HE

step 48 (21 MAY 2812 Bottom hole pressure limit not set for well 24. Will use default value of 6891.2 bars

step 48 (31 MAY 2812 PAV: 186.4, OIL: g25.93, GAS]: 3e851.24, LIQ: g38.36, INJW: 1845.76, INJIG: g.88, INIO: g.88, WCT:8.885, GOR: 44.6
step 48 (31 MAY 2812 #eeRsEE FINISH REPORT K === h?

! Select Al

[Show Tmestames
_
Show Tags
Clear All

tNa“Igalor@ Color Settings 47
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SCHEDULE section

R O H XA @®C - 0l

Error messages detailing

® Information about dates and well names is now visualized in error messages for the keywords of the

Run till Step: 0 ~

Graphical Interface, Model Designer 21.4

@ 15.05.2011 ~

M, Definitions 20 3D Histogram
-
Gnd Properties :
.ﬁ. p Pressure W E%
nitia| | HaTen o
~ Calculated '
Pressure
143.89744
Saturation of Chl b @
€ >
142 03284 <
Graphs
Graph Templates 140.16820 4.,
Waterflood 136.30356 ™
20 Histogram E
Fluid Properties E
S chedule g Z scaling: 17,0765
At 25 2] '+ BHP is wrong or not specified
at 55 J;ﬁlzaii: Error En kﬁ: w:&:FﬁG:: EEE]HTB':_E:F 15 wr:ag :; not specified
(Navigator
B E W E Rock Flow Dyranmics {:IE'E PEUEEd MﬂldEl rEEd Errors. 11, warningﬂ 515 ® -IE|E| ﬂ -I.F_I ﬂb .E-I “ "q-

48



Graphical Interface, Geology Designer, Model Designer, Network Designer, PVT Designer 21.4

Change the color of messages and clear the log pane

® All messages can now be cleaned off of the log panel (Log panel = Right-click = Clear All)

® The colors of messages (warnings, errors, etc.) in the log panel can now be edited
(Log panel = Right-click = Color Settings)

#ppass FINISH REPORT N 8836 ON ©7.84.2012 s#iusssy A

PAV: 185.1, OIL: E53.65, GAS: 31514.57, LIQ £57.33, INIW: 731.33, INIG: g.88, INJO: 2.88, WCT:2.886, GOR: 48.2 IN Log Colors Settings W

#ppass FINISH REPORT N 8837 ON 15.84.2012 s##ssssy

FaV: 185.6, OIL: £22.76, GAS: 28425.32, LIQ: 626.39, INIW: 776.88, INIG: g.88, INJO: 2.88, WCT:2.886, GOR: 45.6 (®) Colors By Severity

##iuas4 FINISH REPORT N 8835 ON 87.85.2012 #isssss

Bottom heole pressure limit not set for well 48, Will use default value of 1.813 bars Message: - =

BOTTC DAIE pressure 11mlit nmnot Se1T 1O yell 15, Will use detault glue OT 1l.¥l> Ddrs S —

PaV: 185.7, OIL: 215.87, GAS: 36818.21, LIQ: 228.11, INIW: 255,38, INJG: 8.88, INJO: 9.88, WCT:8.885, GOR: 45.1 Warning: - ~

###usss FINISH REPORT N 8839 ON 15.85.2012 ##sssss Error: ~

FaV: 185.8, OIL: 569.97, GAS: 35836.42, LI 574,58, INIW: §82.71, INJG: g.88, INJO: 2.88, WCT:2.885, GOR: 44.6 Progress: .

#i#iuas4 FINISH REPORT N 90848 ON 21.85.2012 ##sssss

Bottom hole pressure limit not set for well 24. wWill use default value of &B91.2 bars Definition: .

PaV: 186.4, OIL: 525,93, GAS: 36851.24, LIQ: 538.36, INIW: 1849.76, INJG: g.88, INJO: 2.88, WCT:2.885, GOR: 44.6

#ipuass FINISH REPORT N 8841 ON 81.86.2012 #iussss () Colors By Tags

Pav: 187.2, OIL: 732.98, GAS: 32876.61, LIQ: 737.41, INIW: __1458.24. TNIG: g.88, INJO: 2.88, WCT:2.886, GOR: 43.8 Tag Color

#$ppass FINISH REPORT N 8842 ON 87.86.2012 s##sspsy TEPYEND POINT SCALING #6280

fottom hole oressure limit not set for well 27. Will use default valul >elect All y - - e

TEA} EXPORT_DATA #fh 730
1‘ Show Timestamps | i
IGR} GRID #fdb38

show Timesteps [1Z} INITIALIZATION #ffed3d
Show Tags {JB} JOBS #fff63f

from all messages Display Only Tags Present in Current Log

Clearing the log panel
Color Settings

Coler Settings

Close




Geology Designer and Model Designer 21.4

Log messages from several modules simultaneously

® Itis now possible to output log messages from several modules simultaneously. The user can now

select modules whose logs will be displayed in the log panel: Geology Designer, Model Designer, PVT
Designer, Well Designer or Network Designer. This option is applicable to work with integrated models

in Project Manager (Project Window - Log Management)

[21:46:58] Use Connectlons 1n Yes

[21:46:58] Integration Wells

[21:45:55: +r-—— ¥

[21:46:58] Control Integrated Wells By = :

[21:46:58] Network Deslgner _I_I:I_ | og Management

[21:45:55: g T ]

[21:46:58] Enable Automatic Choose Logs to Show:

[21:46:58] Differentiation

[21:45:55: g T ] q

[21:46:58] Enable Fully Implicit Pipe T _

[21:45:58] calculations | Initialized Dynamic Model

[21:45:55: T et MﬂdEl DESlgner

[21:46:58] = - _

[21:46:58] Network Designer results path: ND |:ZI-FCI-_|!EE|Z. ND pm-lpfct

[21:45:58] C:/Users/ Junsorti | PVT project: PVT project r

[21:46:58] | Well project: Well project

[21:4?:5!3-; Rock Flow [:-_'.fr'amiu;s (R) trﬁavigatu}r‘ ] RP project: RP project

[21:47:88] Access granted via Model Designer

[21:47:85] Rock Flow Dynamics (R) tNavigator

[21:47:85] Access granted via Model Designer Check All |_|:i'| Unchck All {::" lnvert

[21:47:89] Rock Flow Dynamics (R) tNavigator

Close

4
tNa“Igalor og | Initial Warnings | All Warnings | 2 iy Warnings Y @?En 50
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Geology Designer

(Navigator

Rock Flow On,

Project Designers Meodeling 5Settings License Help
F‘arall l: Max System Threads =4 ~ | [»] Use GPU Eﬁ

tNa\nganr

l Geology Designer l

Model Designer
E PVT Designer
Well Designer

Network Designer
@ g

Licenses

Simulation

Simulation Results

AHM & Uncertainty

Batch Jobs

Remote GUI

n Manuals

Geology Designer 21.4




Restrict Mode)

EEEE Rock Flow Dyranics

Restrict mode OFF

{Navigator:

{} Settings

General
> Wells
> Metwork Designer
» Seismic 30

Strike_Shp_1
Thrust South

| v_Seismic Horizon |
TopDakota

TopFrontier
Toph_Sandstone

Synchronization
Axes

v Seismic Fault

Restrict Mode

Geology Designer 21.4

Restrict Mode for seismic horizons and faults

® Restrict Mode has been added for visualization of seismic horizons and faults only at the intersections

with the seismic data displayed in the 3D tab (3D tab - Settings - Seismic Fault and Horizon -

Restrict mode ON




Geology Designer 21.4

Color management of 2D and 3D surveys in the 2D tak

® 2D and 3D seismic surveys can now be simultaneously displayed in the 2D window in different colors
(2D tab > Settings = Seismic 2D/3D-> Color)

f}' Seismic Faults
[] E Seismic Horizons
P— Seismic Wavelets
P- Seismic Surveys 3D Big
[] ﬁ Cross-Sections
555 Point Sets
] -E-I” Polygons
@j Fence Polygons
% Trend Lines

f..‘-'{' Functions

Axes
Layers

.. Cases {} Settings
=
'ﬁ' Geometry Objects General
Wells
" Q = T" Metwork Designer
A Bubble Maps

Synchronization
Sersmic 30

[ ] Show Label

Line Width [mm] |0.4

Color

Line Style

Solid Line

.
ENER i

Riock Flow Dyramics

W0 x | (Paox  HEsesmicex +

PZ_Volve 08

Slice

Visualization of a 3D

survey and 2D seismic
lines with different colors

PZ Volve 08
Slice




Geology Designer 21.4

Hotkeys for seismic data interpretation

® Hotkeys to work with seismic data have been added

® The following hotkeys can be used in the 3D tab:

o [M] enables the Move Seismic Slice optic ﬁ%

o I opens the Interpret Seismic Surfaces menu ﬁ

L

J_H_ Interpret Seismic Surfaces X

- [1-6] activates the corresponding tool of the menu = riorzon - [Tponie < [T o= IV P 22 A

(Navigator: 54

Riock Flow Dyramics



Geology Designer 21.4

Hotkeys for seismic data interpretation

® Hotkeys to work with seismic data have been added
® The combination of the left/right arrow keys with Ctrl allows moving Inlines, Crosslines and Slices by a
specified step in the Seismic tab, as well as in the 3D window for the direction selected in the Settings

window

Show Border
Line Width [mm]|0.3

Color -

Enter

VAN Shift

: /
Alt IV D

(Navigator 55

Riock Flow Dyramics
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(Navigator
ENER i

Riock Flow Dyramics

Markers creation by seismic horizon

® A calculation to create markers at the intersection of well trajectories with seismic horizons has been

added (Markers - Calculations - Build Marker by Seismic Horizon)

(P32 x

[ ] Show Marker Name
[ ] Show Well Mame

[ ] Show Marker Depth
[ ] Show String Attribute

[ ] Show Numeric Attribute

Point Size 5

Point Style Point

Sectors Count 12

Coloring
(@) Palette Color

() Local Coler

Markers built at the

intersection of wells with a
seismic horizon are displayed

In the time domain

-y

Geology Designer 21.4




Geology Designer 21.4

Well symbols control for markers in the 2D tab

® Well symbols can be set for markers using the numeric marker attributes, for example unique well

symbols for different horizons in the 2D tab

IN well Symbols it

| Cases

=

.ﬁ. Gecmetry Objects

£} Settings

X

lcon

Well Code -

= vl

-- [] §| |§ Well Structure Tables
E Nell Filters

EI t t Markers

@m0 f Top

O F 3 Topz

EI Top3

| Mumeric Attributes

(- . Markerfttributel
- String Attributes

____E.-_DLlT_e-ﬂ____..

e

- (eneral
[+ Wells

=l Markers

- [+ Top3
+"Hornzons

- Synchronization
Dwes

- Layers

/
I Symbol codes are set for :
I markers of different horizons -]
| using the numeric marker |
'\ attributes L
e W TR T e e e -
Data Analysis

Graphs

—Display
I Marker Name

I~ Well Name

Haorizontal Line
r String Attribute
™ Mumeric Attribute

I Depth
& MD C TVDSS C g

Point Style
Point Size |40

Well 5ymbol by Attribute

oo 40 n

Ring Width |1

MarkerAttributel

Well Codes (123

Coloring

(* Palette Color
" Local Color

(Navigator

NEE Rock Flow Dyranics



Interactive eraser for well logs

® Manually delete a part of a well log curve in the Well Section tab

® Delete points or fill them with an undefined value

Well Section - Right toolbar = Edit Well Logs = Erase Points

L4

Well 11-5K-11; TVDSS = -4773.30554815 ft; MD = 33469445185 ft; NTG = 0.957414;

]
(Navigator

EEEE Rock Flow Dyranics

H Well Section X a 20 % 5 D x ‘;ﬁ Seismic X == Cross-Sections X EE, IR o
TVDSS, ft | Poro_Mew B | Paro_Mew| DPHI (0.0 NTG I
47E0 — Perm Ik_
oo n4f00  o04joo 07| 27o00)0o 1.0
4780 — ) ::I::
: 1B
4776 — =
4776 — o
E il
47T — HJH
4772 — ‘
4770 — o
E abe
The selected Ji»
4766 — -
_ Interval 2]
4764 —
= (O]
ATEZ — =
4760 — ﬁp
47EE — (
A7EE —
4754 —
47572 : v

>
Main Scale is TVD55 ®

0.0

MTE

MD, ft
700 3815
701 382
702 3825
703 383
704 3835
705 384
706 387,131882
707 3875
708 388
709 3885
710 388
711 3885

IN Edit Logs

Well Log: | NTG

IR YA T

X

195¢C

Erase

points

MTG, Well 11-5X-11

TVDSS, f Value mMD, ft
4776 0,764249 701 382
-4773,5 0,75248 702 3825
4775 0,78273 703 383
_ATTAS 0,829533 704 3835
4774 0,845967 705 1364
-4770,868118 0,603014 384465856

3845
-4770,5 0,783292
385
4770 0,812891
385,5
-4764,5 0,778954
386
-4769 0,804359
711 387,05523
-4768,3 0,663281
712 3875
713 388

Fill with an
undefined \

value

NTG, Well 11-5%-11
TVDSS, ft
-4776,5
4776
-4775,5
4775
47745
4774
-4773,534144
47735
4773

-4772.5
-4772

-4770,94477
-4770,5
-4770

Geology Designer 21.4

MTS

1.0 1.0

Value
0,657404
0, 764349
0,732428 o
0,78273
0,889533
0,945967 a

0,603014
0,783292
0,812891 %

58



Import

From LAS Format

[ ] Assign Tags:

[ ] Import to Folder:

+ Las File Mames

— Preview

GK) (Logs = Calculations - Import &> Use Global Log Mnemonics)

Well logs mnemonics during their import

® Set a custom name for each imported well log, different from the name indicated in the file.

® May be useful when you routinely need to rename loaded well logs (e.g., Gamma Ray to GR, GAMM or

48-X-28
1:13992

Fredicted_Forosit
y !

7000.0

Mumber of Lines: [100

0)-01

Velocity

] 47000.0

10000.0
Impedance
130000.0

1774000000 0,000000
1774200000 0.000000
1774400000 0.000000
1774600000 0.000000

AT T A MRRNGTRIT JT TTT

£

—  Options

| lgnore Empty Logs

Use Global Log Mnemeonics

|| Choose Logs Manually

;!

Use for ldentification: name
Take Well D From: ‘WELL' mnemonic
[] Edit Mull Value Manualy: |-299.25

L

Logs With Equal Mames: Merge
[ ] Use OEM Encoding

— =
EEER i

Riock Flow Dyramics

] A

Geology Designer 21.4




Geology Designer 21.4

Well logs mnemonics during their import

® A dictionary of log names (mnemonics) can be predefined and applied to all imported logs

(Settings 2> Well Log Mhemonics)

Olecs Ol cs
IN well Log Mnemenics e |:::| ‘;_L.?
FCh
Mame in Project Mame in File Well Leg Template I:::I ‘;FL? FCh
Project View @ Settings  Files  Project Manager 1 BK BKLL,LL3,LLS LLd Dimensionless FP
| g ] g FP
2 cAl CALI,DS,HCAL Alpha PS A
. : D5, _ :
t' [E] } Units Manager... . or AK DT DTC.SON EﬂrehﬂlelmaEE () r::'" Facies (J rl:'" Facies
Coordinate Svstem Settinas... Discrete (Auto Generated) . .
H Foors y J 4 |SK GAMM,GK,GR,GRC Facies () Fluid O rl:'" Fluid
ithology
Lp Seomeny  Templates. i o emenity o
- Q Result settings... 8 MGZ GMZ,MGZ, MINV L= — Y O O “':} GZ3
7 Workflow Base Directory... 3 MPZ MMNOR,MPZ,PMZ Dimensionless [:j [:j ,;-'r" |K
E _ _ 10 NGR HKT, NGK, MGR, NKM,NKT,NKTB,NKTS ~ Dimensionless _ _
[ 1 1 Legging options... 11 PERM KLOG,K_LOG,PERM Permeability O O “':::? Litho
I Import Well [cons 12 PHIT PHI,PHIT,POR,PORT Porosity O () “'1::? MNGR
2. 13 RHOB DEN, DENS, GGKB,GGKM,RHOB,RHOZZ... Dimensionless
Well Log Mnemeonics R Sl
== 14 5P P5,5P,5P* Dimensionless m
R Import User Patterns ‘%___?
. PERM
P- Manage Cluster Connections T X R .
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<" anage License oK Cancel
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aq&@mnion logs based on the Simandoux equation

(Logs - Calculations - Water Saturation Simandoux)

————————————————————~

Vsh

4™
Rsh)

a.Rw.Rt

2
a.Rw Vsh
SWSimandoux: 2 Ppm * (\‘ ( Rsh) |

a: a constant based on lithology

m: a constant based on lithology

phi: the DPHI log is used

Vsh: the shale volume log is used

Rt: the formation resistivity

Rw: the formation water resistivity (a constant obtained
via local well measurement)

Rsh: the resistivity of shale in the formation (taken from
the formation resistivity at the highest Vsh value in each
well)

(Navigator

Riock Flow Dyramics

s s s

Water Saturation Simandoux

=

Sw_Simandoux

SW Simandoux: Ie SW Simandoux

DPHI:
Veh:
Rsh:
RESD:

Tertuosity (a):

m :
R

Interval, m:

|<=  DPHI
|< | VSH
|<= | Rsh
|<=  RESD

0,81

2

|

0.2

Well Filter:

A

0.40

0.30

Geology Designer 21.4

Water saturation logs based on the Simandoux

kD, m

2053 —

03—

403 —

A05 —

BO3 —

03—

803 —

805 —

1003 —

103 —

1203 —

1303 —

1403 —

Sw_Siman

0.0 0.5
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Geology Designer 21.4

Color filling by a Stratigraphic table

® Visualization of color filling between markers for all wells in the well section tab is now available. To
display the color filling, a Stratigraphic Table with the required markers must be created beforehand

Stratigraphic Table - Create - Edit Stratigraphic Table = the Well Section tab - check the created

table in the object tree.

_w_ Edit Stratigraphic Table - "StratigraphicTablel” s
IN, Edit Stratigraphic Table - "StratigraphicTable1" X M Edit Statigraphic Tabl - "StratigraphicTablet” % Zone Litho. Zone Geological Surface Name Horizon Marker Pointset Polygon
Zone Litho. Zone  Geclogical Surface Mame Horizon Marker Pointset Pelygon Zone Litho. Zone = Geological Surface Name Herizen Marker Pointset Polygen —
 OveingRocks — | | | Carlile Carlile Carlile
Carlile Carlile Carlile S Carlile Carlile Carlile
CarlisleShales . CarlisleShales | - KF2 KF2 KF2
KF2 KE2 KE2 Select Columns... KF2 KF2 -
MowryShales MowryShales Add Stratigr. Zone Fall River FallRiver FRiver
Fall River FallRiver FRiver Insert Stratigr. Zone Above FallRiver FRiver
ThermopolisShales Thermopolisshz Insert Stratigr. Zone Below - Lakota Lakota/Morrison Lakota
Lakota Lakota/Morrison Lakota Remowve Stratiar, Fone Lakota/Maorrison Lakota -
Jurassic Jurassic Crow Mountain CrowMountain =~ CMountain
Crow Mountain CrowMountain =~ CMountain o CirleC CrowMountain  CMountain -
CrowMountain Crowhountain Red Peak RedPeak RedPeak
Red Peak RedPeak RedPeak Red Peak RedPeak RedPeak RedPeak
RedPeak RedPeak Tensleep Tensleep Tensleep
Tensleep Tensleep Tensleep Tensleep Tensleep Tensleep -
Tensleep Tensleep Tensleep Base TensleepBbase TensleepbBase
Tensleep Base TensleepBbase  TensleepbBase Tensleep Base TensleepBbase TensleepbBase - Carbonates
Mississipian Carbonates Mississipian Carbonates Basement Basement Basement
_ Basement Basement Basement Basermnent Basement Basement _
Close (7) Help Update Tags Close (7) Help I = © Help
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Geology Designer 21.4

Color filling by a Stratigraphic table

® Visualization of color filling between markers for all wells in the well section tab is now available. To
display the color filling, a Stratigraphic Table with the required markers must be created beforehand

Stratigraphic Table = Create - Edit Stratigraphic Table = the Well Section tab - check the created

table in the object tree. . CPREIY

1 Well Section x (P e x 3 203 x == Cross-Sections 1 X 1 Well Section 2 x = Geosteering X

u
-
o
=3
u
m
5]
—
=]
m
o
—]
=]
(=3
m

—, )
|:| CEFIIIE CMountain -600 —
ensleepBbasze TensleepbBase - — -
= StratigraphicT-%'-1 -
Basement Baserment Satti I =

Close (7) Help 0 —

| 20-1-%-14 13136.05 A-2-5-3
; 119710 12454.83 119710
TVDSS, ft Density =anic 11000.0 Reflection TVDSS, ft Density
= Impedance
_— Carlile 15 35|15 4154 BS000.0(0.0 0.1 wild 15 35
_t_l_l_ Edit Stratigraphic Table - "StratigraphicTable1” x Lﬂgs Markers Selsmic
Zone Litho. Zone Geclegical Surface Mame Horizon Marker Pointset Polygon |:| \ S-tfih:E_S-“p_-I
| OwingRocks | Carlile Carlile Carlile [1 \ Thrust_South
KF2 KF2 KF2 1\ Strike_Slip_2 = |
|:| \ Thrust_Morth_E y -2000 — -2000 — H
rul C ranc = : . =
Fall River FallRiver FRiver - - (B stratigraphicTablet -
: : 1800 — 1800 — E
Lakota Lakota/Morrison Lakota |:| \ Antitethic_ﬂtrike_ﬂlipj -1600 — | -1600 — ]
- (] '\ Strike_Slip_4 Settings for Stratigraphic Table ... ﬂ _ 3
Crow Mountain Crowbdountain ~ CMountain |:| \ Srike 5-|IF| 5 iver
- 0]\ Strike_Slip_6 Opacity: ] '
Red Peak RedPeak RedPeak trike_shp_ 7 sh
RedPeak [ ] = KF2_Contact oW name -
Tensleep Tensleep |:| E KF1_Contact Close @ HE|F|- in -




Geology Designer 21.4

Point Set filtering

® A calculation titled Cut Point Set by Attribute and Coordinates has been added. It allows filtering points

by coordinates and/or by numeric attributes (Point Sets = Calculations = Transformations - Cut

®
eee
TIIL
[ u u a8 ®
Point Set by Attribute and Coordinates) a35555550 |
L X X o890
. '::l:.
IN cCalculations — [ > 1
_ 7899406 cesssciiil - 334+
- £ Calculator Cut Point Set by Attribute and Coordinates ~« R3-S0 ceessie
"CrEEltE . — : TR T IIIII I TII
@--Tfangf.;.rmati.;.ng Result Point Set: ;:;IPu:mtSet_n:ut e ° ::EEEEE: I -
- Pointsets Union : L. - oot N oo
 Point Set Cut & Merge Source Point 5et: =28 PointSet] I 7 dospath :E- ° E; E:
- Clear Point Set MNear Faults Use Cut Type Attribute es0oe I""
. (lear Pint Set Inside ide Polvoon .: :-----:::: 444 ccsse -
S - - : 1 Mumeric Attribute = | PointsetAtjrimes I TIL, .E------
: S0 0D BBDBBBD o999 T T XY ]
tr St 2 Ceccccccccscssssssscjeecccse
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] | | ] ] | | LT ||

L
L
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Geology Designer 21.4

Flip 2D-Maps and Horizons calculation

® For Horizons and 2D-Maps, a new calculation has been added: Flip. Horizons and 2D-Maps can be

flipped along the | and/or J directions (Horizons/2D-Maps = Calculations = Transformations = Flip)

_I;I_l_ Calculations - = ~
- Calculator 1 Flip Honzen ad
[+ Create

w

EI Transﬁ:l-rm ations

- Pull Up Horizon to Marker
- Logic Operations

- Crop Horizon by Polygon
Smoocth

. Rotate

- Uelete Blank Lines of Honzon
- Local Horizon Update
- Clear Horizon Mear Faults

- Horizon Adjustment to Mark...
- Herizen Adjustment to Point...

Horizon: EIEG’E
[~ Byl
v By )

D

2

A Clear | 'J'-E: Add tn-Wn-rhrFIuwl

P Apply | X Close | ®|

(Navigator’

Riock Flow Dyramics

Original




Geology Designer 21.4

Fault QC: an interactive tool

IN Faults QC ¥
View Object #1 Object #2 Edit Description Comment Verified -
® An interactive tool for quality control of fault creation has o |A| A 0 e
7 & F1_N Crossing faults [] Ne
_ _ _ _ 8 | A\ FI_N F2_W Crossing faults [] Mo
been added: Fault QC. It offers an interactive window, which o A |fn 0N
10 & F1. N Crossing faults [] Me
- . u n u n 11 & F1_N Crossing faults [] No
Shows the faUIts dlsplayed In the VIsuallzatlon WIndow at the 12 & FI_N Crossing faults [] Me
13 & F1. N F5 E Crossing faults QK Yes
- - - 14 F1 N Fs W Crossing faults QK Yes
moment and having possible errors in geometry NI e
16 & E F1.5 Crossing faults Edited Yes
(the 3D tab - Right toolbar) A A Bl
18 & F1.5 Crossing faults [] Me
19 & F1.5 | Crossing faults [] Me
20 & F1.5 F5 W Crossing faults QK Yes
21 & F1_5al_M F1_5al_5 Crossing faults [] Me
‘ Q C 22 & F1 5al M F1_ W P25 Crossing faults Edited Yes
23 & Crossing faults [] No
24 & Crossing faults [] No
25 & Crossing faults [] No
26 & Crossing faults | OK Yes
435500 27 & Crossing faults | Edited Yes
28 & Crossing faults | OK Yes
29 & Crossing faults | OK Yes
30 & Crossing faults | Edited Yes
31 & Crossing faults [] Mo
32 & Crossing faults [] Mo
33 & Crossing faults [] Mo
34 & Crossing faults [] Mo
00| s | M F5_W F7_W Crossing faults [] Mo
36 & . Inverted sticks [] Me
7 | A\ F7_W Inverted sticks [] Mo
18 | A\ FO_E Inverted sticks [ Ne
432500 EV N Bent sticks [] Me -
433000 6.479e+06 * Update | K Close | Help

®

m = m Hook o Dy 434000
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Fault QC: an interactive tool

Geology Designer 21.4

® Depending on the indicated problem, the user is prompted to open the interactive faults editing tool or

the truncation rules table. After verification, the Verified mark is set

-

| IN Faults QC %
I View Object #1 Object #2 Edit Description Comment Verified =1
[ |3 iy FA_W F6_W Crossing faults [ No
W A F4_W F7_W Crossing faults | OK Yes
5 | A\ F5_W F7_W Crossing faults | Edited Yes
I .
36 & Fo W Inverted sticks [] Ne
15 iy F7_W Inverted sticks [ No
I 38 A F9_E Inverted sticks [ Mo
Ll a0 | A F1_W_P1 Yes =
I
I
4EE N N IS IS I I I DD B S B B S S D D B B B B B B B S S .

IN Truncate Multiple Faults bt
Truncation Rules Table:
Result Fault Source Minor Fault | Source Major Fault Truncation Type
1 |Faultl F7_W F3_W |Flight ||
Right
A Clear %Add to Workflow P Apply ‘ X Close (T Help ‘

(Navigator

BB Rock Flow Dyranics

_I_H_ Fdit Fault

[ Structural Model: [T

Fault: X F1_W_P1

2

N

Edit Fault | Edit Fault Lines |

°C

Add Border Stick

Mew Stick: |H|:|ri1|:|r1tallj,r e |Fr|:|rr1 First B Add

| Length to Calculate Direction: |1

* Extend by Length: |1
(" Connect to MNearest Fault | Connect to Stick
Selected Sticks

Delete | Insert Clear

Control Size: _}
| Do Mot Use Fixed Control Size
W Apply Changes When the Mouse is Released
v Move Whole Stick
Type of Control Move
(" Along Stick
(" Along Fault Surface
(" Perpendicular to Fault

* |n Arbitrary Direction

v Use Action Radius |100




DFN: Create DFN new options

Geology Designer 21.4

® The Create DFN calculation has been significantly redesigned. The user can now fully control the

fractures that influence the distribution and concentration of fractures within the horizon: Geometry

Objects > DFN - Create DFN

Fracture Location Parameters

Concentration: [ 100

Horizon Parameters

[ ] Use Curvature by Horizon
[ ] Use Horizon Z-value

Weight: |0

Horizon: == ' Horizon] w
Faults Parameters

[ ] Use Distance to Faults Weight: | L.

[ ] Use Distance to Faults Zero Displacement Points  Weight: |0,

[] Use Faults Attributes Weight: | L.

Reference Faults
== fdd Row | X Remove Rows Autodetect

Property Parameters

[ ] Use Property Weight

Grid: @ main_grid w

DFM Probability Property: ﬁ Propertyl v

(Navigator
ENER

Riock Flow Dyramics

Use Curvature by
Horizon

e

Use Distance to
Faults

Use Horizon Z-value

Use Distance to Faults Zero

Displacement Points

4

y 4

Use DFN Probability
Property

63



Geology Designer 21.4

DFN: Create DFN by Faults new options

® In the Create DFN by Faults calculation, additional settings of fracture position control have been added,

namely: relative dip azimuth and relative dip azimuth deviation: Geometry Objects - DFN - Create DFN

by Faults

_I_H_ Calculations

Create DFN

Create DFN by Faults
Merge DFN

Cut DFM by Pelygon
Shift DFN by Vector

— l X
Create DFM by Faults ~
DFN: DFN2
Use Reference Faults "
1 F11
2 F13 ”
== Add Row | % Remove Rows Autodetect
Fracture Specification
Mumber of Fractures: 200 =
Mumber of sides: 4 =
Minimum side length, m: |50
Maximum side length, m: | 130
Elongation Ratio: 4 =
Tep Horizon: == | Horizon1 il
Bottorm Hornzon: ==  Horizon2 il

Fracture Ornientation

Relative Dip Angle, deg:
Relative Dip Angle Dewviation, deg:

Relative Dip Azimuth, deg:
Relative Dip Azimuth Deviation, de

Distance To Fault, m: (100

Relatrve to Faults

.

Random Seed: 1 =
@
T Clear +-E:| Add to Workflow b Apply X Close ®

EEEE Rock Flow Dyranics

— =

Distance To Fault

North

Fault Dip Azimuth
/ Fracture Relative Dip Azimuth

-

Relative Dip Azimuth Deviation

Fracture

Fault Fracture

=N .

Fault Dip Angle »

Fracture Relative Dip Angle Deviation

69
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Geology Designer 21.4

DFN: Stereonet and Rose Diagram

® In the list of available windows and tabs, a new object has been introduced: Stereonet/Rose Diagram. A
Rose diagram displays objects that have an azimuth, while Stereonet describes 3D objects which are

characterized not only by an azimuth (direction), but also by a slope.

BB Rock Flow Dyranics

(Navigator

() Radar Chart
Diagram Type

() Owerlay Diagram

(® Cumulative Diagram
Azimuth Type

@® Dip

() Strike

General General
Col 1 Col
0ot Rose Diagram Stereonet olors
Data Data
{3} Settings X
General
Colors
Data
Plot Rotation
Plot Rotation Adimuth step
(®) 30 O 45 () 90
Azimuth step 5
(® 30 (O 45 () 90 Plot Type
(O Rose Diagram
Plot Type ®
Sterecnet
(®) Rose Diagram Axis Type
() Stereonet (® Values Font Colar: - o
Visualization Type O Percentage [_] Font Settings
(® Single Diagram Bins Font... Anal, 10
() Multi Diagram (O Parts
5t
Font Color: . © Step
: 20
[] Font Settings
Font... Aral, 10 Chart Style
(@) Bar Chart




Geology Designer 21.4

Controlling the priority of input data when creating
Structural Model horizons

® In the Extended Build Horizons of Structural Model calculation, an option to set the input data priority to

control the degree of their influence on the result has been added. This allows some input data a
greater degree of influence on the resulting horizon (Structural Models > Horizons - Extended Build

Horizons of Structural Model = Interpolation Priority)

IN Calculations — [] x
- Add Horizons to Structural Model Extended Build Herizens of Structural Model o
> Build Horizons of Structural Model
- Extended Build Horizons of Structural Model k PP | StructuralModell |
+ Create Fault Lines by Structural Model Horizons fﬁ Horizons

- Table: E StratigraphicTablel

A

rpclation Parameters

Horizen Fank Horizen Type

1 Conformable =

1 Conformable

INavigator 71
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Geology Designer 21.4

Fault Extension in a Structural Model

® I|n the calculations Add faults to the structural model and Add Multiple Input Faults to the Structural
Model, an option titled Extend Faults to Model Box Polygon has been added.
(Structural Models - Faults - Calculations)

IN calculations — L] >

Add Faults to Structural Madel o

- Extend Faults to Model Box Pelygon

Structural Model: Elﬂtructuralhﬂndeﬂ v oy s StrUCtu ral
—Faults | » - .
[ Extend Structural Faults to Z Borders MOdeI Box
+ Interpolation Parameters of Structural Faults Straightening
Use Fault Connection Proximity, m Structural [
1 Fault_1 0 O
1] I i
& == Add Row | X Remove Rows | Autudetectl

Distance to Extend, m: 10000

— Extend Faults to Model Box Polygon

Distance to Extend, m: 10000

e e - e e e
I Allows extending the fault laterally bya |

t _ . | specified distance or to the vertical |

Mﬂ!mamr | boundaries of the structural model box ! 72



Geology Designer 21.4

Coordination of a structural faults intersection

® In the calculations Create Grid by Point Sets and Faults and Create Grid by Horizons and Faults, an

option titled Intersect Structural Faults Along Sticks has been added. During the calculation, this option
alters the intersecting structural faults so that they intersect via a common stick (3D-Grids -

Calculations = Create Grid by Point Sets and Faults/Create Grid by Horizons and Faults - Advanced

Settings)
IN calculations — [ >
E' lmport Create Grid by Horizons & Faults .
- o Gnd
~ Grid and Calculated Results Grid: ﬁ Grid2 had

—Horizons ' 486

v Use Top Layering Horizon as Base One for Previous Zone
™ Specify Minimum Zone Thickness by Zone
Propertions Table: @ Polygons Area w

500
v Extend Structural Faults to Z Borders X

I Simplify Faults According Grid Detail

|{;i
L]

A Clear | +-E;| Add to Workflow P Apply X Close | ®| // \)/

.
ENER i

Riock Flow Dyramics




Geology Designer 21.4

New Object: Grid Fault

® A new type of object has been added: Grid Faults. It represents a surface and is necessary to understand

how the fault is embedded in the 3D model. It allows quality control of the created fault model and visual

comparison with the original faults (Geometry Objects = 3D-Grids = Grid Faults)

Create Gnd by Point Sets & Faults
Create Gnd by Hornizons & Faults

tH_ Calculations

- o ' .2 Mo Grid Intersection with Fault Surface

Grid: @ rmain_grid
e E Fault: X Fault
TRt on Grid: gl |FaultonGrid1

JIENERR

- b' Appl X Close
result of the calculation — | Kl

« 3D-Grids

=Ne '1 IMain_grid
-- C 5 Properties

" Created automaticallyasa | «

Surface

(Navigator
ENER

Riock Flow Dyramics




Faults on Grid: Split by Property

Geology Designer 21.4

® An option to split a Faults on Grid object into segments with the help of a discrete property has been

added. Each new segment of the initial object is the intersection of the fault surface with the grid cells

within the limits of the appropriate discrete zone (Geometry Objects = Properties = Faults on Grid -

Split Fault on Grid by Property)

Propertyl | X

DWmNO M & W = Q

(Navigator
ENER

Riock Flow Dyramics

_t_f_l_ Calculations

Import Fault Grid from Model
Create Fault on Grid
A ultio

o LE = = L b | .
Split Fault on Grid by Property

Split Fault on Gnid by Property

Grid: Ef Gridl
Fault on Grid: i_.| FaultonGrid1
Discrete Property: ﬁ Property1

Prefix:

SIEIIEIL IR

@

A Clear 'J'-EJ Add to Workflow

P Apply X Close @

F- Faults on Gnd

B8 FaultonGrid1
B FaultonGrid1_1
B8 FaultonGrid1 2
g8 FaultonGrid1_3
B FaultonGrid1_4
g8/ FaultonGrid1_5
B8 FaultonGrid1_6
B8/ FaultonGrid1_7
g8/ FaultonGrid1_2
B FaultonGrid1_9
B8/ FaultonGrid1_10
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Geology Designer 21.4

Geobody creation based on point sets or polygons

® An option for automatic creation of geobodies based on point sets or fence polygons has been added

(Calculations - Create = Create Geobody by Point Set/Fence Polygons)

800

6.479e+06

400

400 ;
) 600

200

3000f

32001 .
3000 ,
400

434000 3200 f

434500 800

¥ 435000 i
6.479¢+06

435500

6.478¢+06
434000

436500

™ 434500
h X

. 435000 400

600

3000

300

13000
400

3 afl,
R e
SENXAZOILD
VAR Faral

3200

}_EUU ‘

6.479e+06

.

EE NN Rock Flow Cyramics 6.478e+06



Geology Designer 21.4

Geobody surface editing

® A new tool for interactive editing of geobodies' triangulated surfaces in 3D has been added (3D - Edit

Triangulated Surface)

The editing is performed via selection
of one or more vertices of the surface
and their further dragging

Moving a vertex in space.
It is possible to set a
radius of action

= By
A

(Navigator
ENER

BB Rock Flow Dyranics

_I_l_l_ Edit Tnangulated Surface/Geobody Component

Editing Method
(@ Edit Vertices

@ %

Jhangefloords X ¥:
Tnangulated Surface/Gecbody Component:

Geobodyi Componentl

() Edit Faces

Select several vertices
and delete them




Geology Designer 21.4

Create properties by geobodies

® An option to create properties by geobodies has been added. In this calculation, there are two types of
settings available for the user: either each cell of the property will reflect this cell's volume fraction

located within the modeled geobody, or each cell located within the geobody will be assigned one

user-defined value, and the cells outside will be assigned another value

(3D-Grids > Properties - Calculations - Create - Create Build Property by Geobody)
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Geology Designer 21.4

Import/export of triangulated surfaces and geobodies

® An option for the import/export of triangulated surfaces and geobodies In .tsurf, .ply, .dxf formats has

been added (Geobodies/Triangulated surfaces = Calculations - Import/Export)
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Geology Designer 21.4

Contacts filtering based on discrete properties

® An option for contacts filtering based on discrete properties (Zones/Regions) has been added, which
allows visualization of the contact for every single layer or deposit (Settings - Contacts - Discrete

Property Filter)
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X
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These tools are important for raster cross-sections digitizing, seismic data, manual corrections during

conceptual modeling or geological cross-section design (Cross-Sections = Edit Point Sets/Edit

Polygon: | 5

Change Coords: X: |313,12239

Remove Node and part of the Edge

Apply to all components
Add new component

Put into folder: [

Use generic name

lNamgalor

2 Edit Point Set

%

Brush Radius:

Change Coords L

Foint Set:

Distance:

bt

@

=

m
gunm
L
== Cross-Sections X %: 20 % @ 3D

o
¥ 1511,30381 i
Maox (Faox +
400 600 a0
400 SEEEFRE
600 oo 5
800 £

400

600

a00

400 600

a00

1000

B Rock Flew Dhyranics

Geology Designer 21.4

Point set and polygon creation on a Cross-Section

® Tools for point set and polygon creation and editing have been implemented for the Cross-Section tab.
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Geology Designer 21.4

Contact visualization in the 2D tab

® In the 2D visualization tab, you can now display contacts as contours. The option helps to prepare

reporting materials (the 2D Tab)

T:. Cases S 20 - O X
.ﬁ.. Geometry Objects & If —————————— -
— : I
F = Y[ , Theouterandinner
(e - | contours are displayed |
..... .['." @mllp
----- =N Grid Fault — e =

mm arid Horizons
= GE BlockedWells

-- F- Geomechanics Materi...
F- Faults on Grid

-- Tables
nj.llgl Geosteering Objects
- =% Rotation Point

+| 11| %] #

e
{ 1750 1750
Macwrab no Z: 107,3364
]
EEEE 2
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Geology Designer 21.4

Facies Probability in Data Analysis

® A new tab titled Facies Probability is now available in Data Analysis, allowing analysis and, if

necessary, editing of the dependence between a discrete property (facies) and a continuous one (for

instance, a seismic attribute)

Homoscedasticity ~ Transformations VPC  Vanogram

TGS Trend Facies Probability

¥ Bins Count: |20

Secondary Attribute: 5 PropertyZ

. .ﬁ., —
* | (wlun :i':l. alar

Show Conditional Block Distribution of Blocked Wells

Show Ceonditional Block Distribution of Secondary Attribute -

Property2, Dimensionless

6.33e+0b 6 34e+0b
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1.00

0.80

0.60

0.40

FProbability

0.20
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8.30e+06
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Later, this distribution may be used for discrete property

interpolation
Property Interpelation (Zones, Regions) -«
Input Output
Grid: @ main_grid ¥ Property: ﬁ Property3 bl
BElocked Wells: ﬁﬁ Litho il Kriging Vanance: ﬁ Property1 v

Do not use Blocked Wells in 5G5
(Unconditional Simulation)

Statistics: m! Statistics

Use Settings From Data Analysis

Use the following settings in interpolation

Apply changes to all zones/regions
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Contents

The following options have been added:
* Azimuthal images interpretation during well

navigation.

Automatic calculation of the gap between the

drilling bit and the receiver where no

G eOStee rl n g geophysical data are present (no logs values).

Setting a custom location for well names in the

Cross-Section panel in the Geosteering tab

Generation of synthetic images for the drilled

well based on the reference well data.

- '
| ] i
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eering: Images interpretation

Geology Designer 21.4
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Geosteering: Images interpretation

® An option for azimuthal images interpretation during well navigation has been added (Geosteering =

display the required image = Right Toolbar - click the Add Image Interpretation button)

Geology Designer 21.4

{} Settings

X
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Well Templates
Markers Projections
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Geology Designer 21.4

Geosteering: Synthetic images creation

® An option to generate synthetic images for the drilled well based on the reference well data has been

added (Settings = Synthetic Borehole Image = Enable Synthetic Borehole Image > Well Log for

Synthetic Image)

£} Settings
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Synthetic Borehele Image
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Wells
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Markers Projections
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Geology Designer 21.4

Geosteering: Offset intervals calculation

® An option for automatic calculation of the distance between the drilling bit and the receiver has been
added (Geosteering = Right Toolbar = Open Tables > LWD Offsets)

S Parameter Value
~Version information
VERS. 2.9 : T 200.00, m £
WRAP. 1O VDT Markers are not set —
S — i T . -
iell Top horizen inclination angle -0.03, deg -
STRT .m 3B858.588888 : _ —
STOP - 3917 500000 . Last nen-null log value Mo log selected ==
STEP .m @ : Inclination angle deviation -1.06, deg ¥
MULL . -999,250088
COMP. : COMPANY Azimuthal angle deviation -0.03, deg m
WELL. Drilling well : WELL +
FLD. : FIELD Vertical deviation -2.8, m
LOC. : LOCATION 5
SRVC. : SERVICE COMPANY Remaining distance to downhole 0.00, m
DATE. : DATE - :
PROV. . PROVINCE Current drilling distance 802.00, m C
Py et Current drilling MD (TVDSS) 3917.00 (2356.82), m
B Current drilling inclination 88,94, deg
~Curve - :
DEPT m . DEPTH Planned drilling distance 802.00, m I Tables W E
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T T T Comments Angles LWD Offsets Amplitudes @}q
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L
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=
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Model Designer 21.4
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Model Designer 21.4

Change the path to loaded calculation results

® Itis now possible to change the path to loaded calculation results. It allows using calculation results of

other users (including for restarts) after copying the project to another folder (Cases - DynamicModel

name = RMB on the result > Replace Path to Existing Result)

b

H [EJ }:1 ('_", ® > 1l X [JRuntillStep: 0 = E

T:= Cases
{:} MName Status
DynamicModel
fx b :.- K Oll_DEMO
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X|[Tl L X Remove
Geometry Objects
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Data Analysis ' Show Containing Folder
Graphs ki Export result
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1 « WORK » PROJECT

INCLUDE
RESULTS
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-
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&
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Model Designer 21.4

Optimizing the output size of several models with the
same grids during initialization
® The grid properties and data of models can now be uploaded to a specified folder (in this case, the

properties without changes will not be uploaded) (Settings - Result Settings - Dump Grid and

Properties to Common Folder)

Project  View iles  Project Manager Reports  Help
E' [E] }'1 @ % Il X [JRuntiliStep: 0 = |0 5| @ 15052011 ~ ! T T T T T T T S T T S S T S S S S S S S T S S A S S A SRR R « Local Disk {C:) > RESULTS v o - search RESULTS
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PviNgient  EN  Result settings 1Fi
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Geometry Objects Result Folder -’
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Wells Data | BLACK_OIL_DEMOC_PERM_MOD_PERMX 20.12.2021 1.2:36 INC File
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Model Designer 21.4

Optimizing the output size of several models with the
same grids during export

® [t is now possible to optimize the size of the output of included files for different cases of simulation
models that have one base model (Cases > RMB on DynamicModel name - Export Model - Export

Only Changed Grid and Properties to Separate Files)

When exporting the base and

Project  View Settings Files Project Manager Reports  Help
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< > Fluid-in-place regions FIPNUM BLACK_OIL_DEMO FIPMNUM Single poro model M_wl 55 INTT
o . BUTRILIM BLACK Ol DEMO. PYTMLI - | BLACK_OIL_DEMO_NTG 26
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Polymer injection

Model Designer 21.4

® The following fluid properties associated with the analytical model of polymer injection are now supported

(Fluid Properties -2 EOR; Cases - Static)

\
I{. PLYELVSC is for the elongational viscosity multiplier |
: as a function of the polymer concentration in a table |
© PLYELVSV is for the elongational viscosity multiplier |
| asafunction of the stream velocity |
- PLYELVMAXA, PLYELVSVA are for the elongational I
I viscosity multiplier in analytical form :
I« PLYDHFLF is for the temperature-dependent I
I polymer half-life period I
: « PLYSHEARA is for the shear viscosity multiplier [
| PLYKRRF: rock permeability for the purposes of :
| polymer calculation is now supported |
I+ PLYSHLOG is for the logarithmic law of the :
| dependence of the viscosity multiplier on the flow \
| velocity
\ !

(Navigator

BB Rock Flow Dyranics
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Model Designer 21.4

Correlations for polymer properties

® Itis now possible to set polymer half-life period (PLYDHFLF) versus temperature as a correlation
(Fluid Properties =2 EOR)

Project  View Settings Files  Project Manager Reporis  Help
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Model Designer 21.4

Logs in RFT binary format

® Import of Logs in RFT binary format is now supported (Geometry Objects 2 Logs = Import 2 From
RFT Format (binary))

Project  View Settings Files  Project Manager Reports Help
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Model Designer 21.4

BlockedWells calculator

® Itis now possible to work with dynamic model data using arithmetic operations in the BlockedWells

calculator (Geometry Objects = BlockedWells = Calculations - Calculator)

Project View Settings Files  Project Manager Reports  Help
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' Create Blocked Wells by Connec... [] Well Filter: E‘ All Wells
' : oty et
- if(BlockedWells2=1,10
O 6 Initial [] Z Scaling Mormality Test if(BlockedWellsZ>1,1.0)
v O 6 Caleulated 54653 ' Compatibility Variants
P CALC_PRESSURE e
O ﬁ FEEEUF_E{ B ) Show Compass
O ) ssturation of il (s01L Auto Adjust Scale | Enable v () BLACK_OIL_DEMO (Dynamic Model) A
() ﬁ Saturation of Water (SWAT) [ e W ﬁﬁ BlockedWells
< O @ Saturation of Gas (SGAS) N v Background Color: ﬂﬂ BlockedWells1
TT %] 1P [ Allow Multiple Grids B8 BlockedWells2
[] Allow Multiple Well Logs A BlockedWells3
Fluid P rti
HE TTOpETE Object Selection Color: (5 Results (BLACK_OIL_DEMO: result)
W
P Object Selection Width: |2
Data Analysis Intersections Uperators hd Functions hd
W
Graphs < 3 Geometry b Constants b

tNa“igalor@ A Clear | % Add to Workflow b Apply X Close | |(7)
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Model Designer 21.4

Load graphs with arbitrary dates

® Itis now possible to load graphs with arbitrary dates (which may differ from those set in the model)

(Graphs = Graphs Templates 2 Load Graphs)

{} Settings X | [\ Graph Templates X [ Hist vs Calc X i) Block Info X = Pareto Chart X Wl Quantiles x L/ CDF x EN Proxy models X 0 Drainage Table x 1 » -
Objects BLACK_OIL_DEMO:result ~
'3
Q 60 : : : : : : : ; 100 A4
v Wells ~ : Bottom Hole Pressure —
3 90 01.07.2015  &63,084543 0
'l' 1 1
¥ 01.08.2013  68,736751 0
b 01.09.2013 | 73,779056 0 E
t 2 a0 o : = BHP_well3txt E3
'§ oo 01.10.2013 _ 78,108902 0 N/ -
e 1 ¥Object Data BHP measurement, Bar
20z I =
t n o, 2
PSREST E 01.11.2015 8223451 ] o 3
t 33 60 a || 01.12.2013 85719287 0 A 1
T RRETT = +| =]
: ,i, @ || 01012014 88767025 0 :
L
t] 3 v - % 01.02.2014 | 91,375723 0 6
o || 01.03.2014 95140191 0
5| NS =
Parameters A © =
Q : : : : : : : : g 01.04.2014 94841377 0
01.05.2014  96,150832 0
Rates ; ; ; ; ; : : ; 30
: : : : : : : : 01.06.2014 9736770 0
Totals DO
Pressure ; 5 5 5 5 ? § ; 01.07.2014 98063701 0
A - : : : : : : : é 20
nalytics : : : : : : : : 01.08.2014 98874762 0
T ; ; ; ; ; : : ;
racers 10 e e B SRRSO SO UV 0 - 01.00.2014  99,734802 0
pmoonent Lraph : : : : : : : : 10
~  User Graphs
BEottorn Hele Pressure (samples)
|:| R e ey r T T Y11 ITY1I1ITYTT e D
: : : : : | | | 01.11.2014  101,666019 0
072011 01.2012 072012 012013 072013 01.2014 07.2014 01.2015 01.12.2014 102508481 0
Date 01.01.2015  103,414031 0
"3-Bottom Hole Pressure ‘3-Bottom Hole Pressure (samples) 01.02.2015 [J["ERSEEE _ v
< >
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Model Designer 21.4

The rule Temperature of Injected Fluid

® Arule to set the temperature of injected fluid is now supported (corresponds to the WTEMP keyword)

(Strategies &> Thermal Properties > Temperature of Injected Fluid)

El [E] }:i {l} 11 X Run till Step: 0 - N 0000 - 15.05.2011 (:00 ~ CJ:" A i : @Hiﬁ:‘ﬂ’:ﬂlcx: ﬂﬂmc:k""" +

Cases FFE Tables x | [ Strategies X Sch ' P
Termnperature of Injected Fluid

-
.ﬂ. Geometry Objects

Well Injected Fluid Temperature,
f-‘b Fluid Properties = .

20
20

30
™ Crparerun paspaBoTku ==

v [ BLACK_OIL_DEMO =
e Template Mame: | Template 1
& Global Rules

v [ 15052011 il 4

sk Create Group Hierarchy Q
[ Result Files Control [ ] Productivity Index

ﬂ. Well Specification Parameters (1)
1 : . : : [ ] Tubing Head Temperature
B Well Produvtion Limita (Histornical) (1) [ VFP table number

ﬂ Temperature of Injected Fluid [] VFP table number (H) 2012 2013 2014 2015

() 12.08.2011 [] Water Productivity Index Date

(™) 25.08.201 Corresponds tothe WTEMP keyword < s 1 Temperature of Injected Fluid
(™ 01.07.2011 : = 04 5 @

Wells Data

Schedule Rules

Temperature, C

58 a HC B B P

(Navigator 08
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It is now possible to take into account the mutual
influence of fractures implemented at different
wells to model the fracture stage at the current
well

Automatic use of calculated properties in the

simulation model for the calculation of fracturing

Fracture Simulator stages is now supported
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Model Designer 21.4

Use Calculated Props from the Dynamic Model

® Automatic use of calculated properties in the simulation model for the calculation of fracturing stages

is now supported. Grid properties for the stage will be automatically set from the dynamic model

calculated for the reporting date which is closest to the stage creation date

T
i
i
I i
T
T :
i
I I
it
I 1] -
I Definition  Static  Aquifers  Fluids  Faults  Writing of Results  Restart  Schedule [P
I Properties  Graphs  Additional Properties  Additional Graphs
I E1/E3 Binary Export
[] Request Qutput of Initial Properties
I Mnemaon
I STROLT Initial Stress
[ ] PRSGRD Pressure gradient
I DISPLMMNT Displacement vector
HMAXSTE Effective Max Stress (Horizontal)
[ MAXSTR Effective Max Stress
MINSTR Effective Min Stress
J :

Iy
A || | | | | | || | | | | | || | | |

(Navigator

EEEE Rock Flow Dyranics

_I;'_I_ Fracture Simulator Settings hut

Current Object
Settings

Grid Data  Well Slurry  Run Options

Tl | Results (TEST444 STRESSIMIT: result) hd

Rock Properties  Stress Properties  Reservoir Conditions
Fracture Angle, deg
(@) Constant a0

(C) Use Principal Stress Vector

Minirnal Principal Stress, bars
() Constant 140

@ Property | [ [MIN_STRESS_VAL_RESGEQ hd

Miniral Principal Stress Direction

X Y i
() Constant 1 0

PIN_STRESS_X_RESGEQ il PMIN_STRESS_Y_RESGEOQ il PMIN_STRESS_Z RESGEOQ bl

o

When the grid of a calculated dynamic model is chosen, all
fields in the settings will be filled with the corresponding
properties if they are calculated
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Model Designer 21.4

| demo_gridinc E3

1 INIT
2 GRIDFILE
3 20 f
4
5 MINEV
: 1E-005 [/
: PINCH
5

10

11 FAULTS

14

15

16

.

EEEE Rock Flow Dyranics

O P samnum
O i pvnum
O g eanum
O i riprauLT
O i ripnum
O ﬁ Property1
& Grid Faults

e Orid Horizons

@ @ BlockedWells

amm Contacts
d; Aquifers Geometry
P- Geomechanics Materials

Faults on Grid

B! rauim22

B FauLTzs
B! FauLT2s

Bl Aquifers Settings

tiﬂ Fractures
m Tl |-

€ >

+ | [TI| | %] |+

Fluid Properties

Wells Data

Data Analysis

Graphs

Import Fault data from an external file

® Itis now possible to import fault data from a model or an external file. In this case, the fault data must
be specified using the FAULTS keyword (3D-Grids = Faults on Grid - Import Fault Grid from a Model)

_I_'_I_ Calculations

= = ] ]
Create Multiple Fault on Grid
Split Fault on Grid by Property

Impert Fault Grid frem Model

Impeort Fault Grid from Model

Grid: ﬁ ELACK_OIL_DEMO

File Mame: [Ci/include/demo_grid.inc

—  Preview

Mumber of Lines: | 100

4k

FAULT2Z2' 117 74717 Y/
FAULT22' 227 7130%/

FAULT22" 227 73242% /7
FAULT22" 227747121 Y/

| el O e o i Y s s - M . Y

@

XY Aspect Ratio

[+] Z Scaling
15.4?4 IIIIIII!IIIIIIII

16474

Show Compass
Auto Adjust Scale Enable

[] Synchronize Camera

Background Color:

[ ] Allow Multiple Grids
[ ] Allow Multiple Well Logs

Object Selection Color I

Object Selection Width: |2
Intersections

Intersections Color I:

Intersections Line Width [mm] |0.3

& Clear +-E:| Add to Workflow

> Apply

X Close

DR ORI DG EL R

.
Z scaling: 16,474 @
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Model Designer, Graphical Interface 21.4

Automatic graph template loading

® Itis now possible to load graph templates automatically for new projects.

It allows use of pre-prepared graph templates to analyze field development parameters

(Settings = Options > General - Use Graph Templates for New Project/Models)

_I_H_ Options

General
Models

Paths
Graphics
Captions
Updates
Chent Options
Designer
Advanced

Settings

Apply Settings File for Models Opened First Time

Settings File: | C:/Users/nikelay.fisun/tMNavigator/default.tMNav

~'| Use Graph Templates for New Projects/Meodels

Graph Termplate File: |G/ WORK/BlackOilDEMO user_template.grt

Mumber of Recent Documents:

10 -

Action for Unavailable Documents: | Ask for Action

Controls:  Default v
(@ Gas and Qil Model

() Oil Model

() Gas Model

Differentiate Loaded Graphs: | Using Color Shift

OK

Cancel Apply Help

— =
EEER

BB Rock Flow Dyranics

4 Graph Templates X |.<,f£ Hist ws Calc X @ Block Info X = Pareto Chart X Wl Quar
150U
1000
=
9) -
= 1000 e
o =
= T
LN .
@ E 500
m
ad 500 5
5 m
=

2012 2013 2014 2015

Date
— "FIELD": 01l Rate

A =3,
(= =

P
=

Gas Rate, th. sm3/day

2012 2013 2014 2015

Date
—— FIELD:(Gas Rate

2012 2013 2014 2015

Date
— FIELD -Water Rate

1500

1000

500

Liguid Rate, sm3/day

2012 2013 2014 2015
Date

— FIELDLiquid Rate
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The SRP tab has been added (scaled relative
permeabilities)

The hysteresis effect can now be calculated
RP curves can now be visually edited by
changing endpoints

Multiple graphs’ colors can be edited at once

RP Designer

- '
| ] i

Roack Flow' Dyramics




Model Designer 21.4

RP Designer: SRP tab (scaled relative permeabilities

® The SRP tab provides the following possibilities:

- to visualize RP curves while changing endpoints;

» to calculate the effect of hysteresis;

IN Settings .
EEEE g
® t I I t RP 1 th f f t t Scaling Hysteresis  Surfactant
O CaiCuiate curves in tne presence ot surifactants Drainage
Endpoint Value
SWL 0
! Em 2 . SWLPC 0
H& [E] = v-2 SGL 0
T:. Variants Data  Graphs || 3RP 5GLPC 0
: Q b Drainage 10 SWER 0
RP Water | Drainage ' RP Water (Drainage) SGLR o
Variant 1 (Corey) RP Oil (Water/Oil) | Drainage RP OIL (Drainage) : SOWCR 0
Variant 2 (LET) Cap. pressure/)-func (Water/Oil... Capillary Pressure (Drainage) Setﬂngs SOGCR 0
: : : SWu 1
0.8
SWUPC 1
4 | [P || |2 SGU 1
SGUPC 0
Filters © 0.6 | KRWR 1
5 =
All Data o = ERGR 1
5 . KRORW 1
45} e
& 04 04 = KRORG 1
i i o~ : PCW 0
[] Hysteresis PLG 0
Imbibition Variant: §
Variant 1 (Corey) 02 0.2
[ ] Surfactant Reset to Default
Surfactant Variant: :
Variant 1 (Corey) 0.0 00 Close
+ X ; : : : :
Systermn:  Water-oil system 0.2 04 0.6 0.8 1.0
Relative Permeabilities Satural
diuration
Capillary Pressures
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RP Designer: change RP endpoints

Model Designer 21.4

® Itis now possible to visualize RP curves while changing endpoints (Variants > SRP - Settings 2>

Scaling/Hysteresis/Surfactant)
| I | 5 |

RP Water (Drainage)
RP OIL (Drainage)
Capillary Pressure (Drainage)

_IH Settings

Scaling Hysteresis

I IO O O OO OO OO I HIENNNNYTSEETTETITEOYVUOTEOEEEESTCRST

Drainage

Endpoint Value
______________________________________ SWLPC 2 _________ _
5 5 i SiGL 5
SGLPC
; ; z SWCR ;
ISP SO SRORRON SOTOTIO NSORIT WSS SO SGCR L B
? ? ? SOWCR ?

Pressure, bars
Rel. Perm.
Pressure, bars

.................................................................................................................................................................................................................

RP Water (Drainage)
RF OIL (Drainage)
Capillary Pressure (Drainage)

_t_'_l_ Settings

Scaling Hysteresis

Drainage

Endpoint Value

SWL 0,13

SWLPC
5GL
S5GLPC
SWCR
S5GCR

.......................................................

Saturation

Saturation

(Navigator

EEEE Rock Flow Dyranics

Rel. Perm.
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Model Designer 21.4

RP Designer: the Hysteresis option

® The new SRP tab allows the calculation of the hysteresis effect. It is now possible to select a variant for

Scaling  Hysteresis  Surfactant

Curvature pararmeter for capillary pressure
Hysteresis Model

Curvature Parameter for Killough's Wetting Phase
Moedification parameter

Hysteresis Limiting

Shape Flag

Initial Fluid Maobility Correction

Wetting Phase for 3-Phase

Use Baker for Cil

lUse Baker for Gas

Use Baker for Water

Threshold Saturation

Wetting Phase Correction Flag

Mumber of Scanning Curves:

Corresponds to the
EHYSTR keyword

0.8

10 = u g
Main Imbibition
D_g._ .................................. Varlant
N N\ S o T .
S O\ N ) T b
1 R .......................... ............................ ........................... ............................ ...... I @ (LB Fo e Rt
o s | | | | 3
2 Sl e
= O o T TSI '8 Frr Effe P TP S L o '5
4] : : : : : = [45]
; ' : : o2 8
P T \ o/ — — b B0 0 o N
0.3 Lo ............................ ......................... ............................ ............................ ...... 03
ol — X — — oz Y N R S — =
91 I — /N A — o
1.0

0.6

0.4

0.2

0.0

Rel. Perm.

Data Graphs | SRP |-

the main curve (drainage), the imbibition curve (Variants > SRP - Hysteresis)

RP Water | Drainage
[] RP Qil (Water/Qil) | Drainage

v [] Current
[ ] RP Water | Current
[] RP Oil (Water/Oil) | Current

v [W] Scanning 0.25
RP Water | Scanning 0.25

v [W] Scanning 0.5
RP Water | Scanning 0.5

Current Gas Saturation:

Current Water Saturation:

Current il Saturation:

[ ] Cap. pressure/]-func (Water/...

[] Cap. pressure/)-func (Water/...

[ ] RP Qil (Water/Qil) | Scanning ...
[ ] Cap. pressure/)-func (Water/...

[] RP Oil (Water/Gil) | Scanning ...
[] Cap. pressure/)-func (Water/...

EE

[ ] Paint graphs in one color

Hysteresis
Imbibition Yariant:

Vanant 1 (Corey)

[ ] Surfactant
Surfactant Vanant:

Vanant 1 (Corey)

System: | Water-oil system

Rel. Perm.

RF Water (Drainage)

RP Water (Scanning 0.25)
RP Water (Scanning 0.5)
RP Water (Scanning 0.75)
RP Water {Imbibition)

Hysteresis for
the water phase

Saturation
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RP Designer: the Surfactant option

® The new SRP tab allows the calculation of RP curves in the presence of surfactants. It is now possible

to select a variant for the RP curve in the presence of surfactants (Variants - SRP - Surfactant)

5 = . | Data Graphs
1o Main Surfactant i
0.3F Varlant Varlant RP Water | Drainage M RP Water (Drainage)
[] RP Oil (Water/Qil) | Drainage RP Water (Miscible)
08¢ [] Cap. pressure/]-func (Water/0il)... RP Water (Immiscible)
v [] Current i ;
o [ ] RP Water | Current : : '
06 “ [] RP Qil (Water/Qil) | Current RP curves fOI" the Water
2 112 = [] Cap. pressure/)-func (Water/Oil)... el H
s HIE 5 v (] Miscible phase in the presence
Sy 2 RP Water | Miscible 70 of a surfactant
O g4l o [ ] RP Qil (Water/Cil) | Miscible : :
[ ] Cap. pressure/]-func (Water/0il)... ; :
03" v [m] Immiscible
RP Water | Immiscible
0.2+ [] RP Oil (Water/Qil) | Immiscible E
[] Cap. pressure/J-func (Water/Oil)... | &
IH 3
0.0 5 5 5 5 ; 5 5 5 5 5 [ ] Paint graphs in one color
02 01 e 08 10 0.2 0.4 0.6 0.8 1.0 [] Hysteresis
Saturation Saturation Imbibition Variant:

Variant 1 (Corey)

Surfactant
Surfactant Vanant:

I;H Settings

Corresponds to parameter 2 of
Scaling _ Hysteresis  surfactant the EHYSTR keyword

Variant 1 (Corey)

Surfactant Concentration:

Systemn: | Water-oil system

Miscibility:
0,5

Corresponds to parameter 2 of
the SURFCAPD keyword
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Simulator, Model Designer 21.4

Data input/output

'ﬁ' Properties X Jobs x
_ _ ] Definition  Static ~ Aquifers  Fluids  Faults  Writing of Results  Restart Schedule
NeW grld propertles are avallable Properties  Graphs  Addiional Properties  Additional Graphs
E1/E3 Binary Export
(Cases - Properties = Writing of Results - [] Request Output of nitial Properties
.- : Q
Addltlonal Propertles): Mnemonic Value Description
[ ] EQOSNUM Equation of state region numbers
CPN Mumber of Convergence Problems
[] WIP Water in Place
. . . i L Oip il in Plare
® Mass densities of water, oil, and gas in a black oil model ] oI O in Ploce (M=)
MOIPM Mobile il in Place {Mass)
(MASSDENO/W/G) o T

® Oil-in-place mass (OIPM), mobile oil-in-place (MOIP), mobile

Geometry Obje

oil-in-place mass (MOIPM)

I
(]
1

Q
® Molar densities of components (MLSC, MWAT) O () Ba\Mode 3

| v (@ @ Fesults\Basefodel: result)
® K-ValueS (KVALU ES) @@ BlocRedWells
v (@) 6 Propelties

® Number of convergence problems in each block (CPN) gmial
v (@) Calgulated

® ... etc. G ASSDENO

() ETNMASSDENW
O €7 moip
® fg) moipm

(Navigator: O & o 109
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PVT Designer 21.4

PVT Designer

Project Designers Moedeling Settings  License  Help

" Parallel; Max System Threads =4 ~ | [»] Use GPU EE

tNa\ngalor
Geology Designer Simulation

Model Designer Simulation Results

l E PVT Designer l AHM & Uncertainty

Well Designer Batch Jobs

Network Designer Remote GUI

Licenses n Manuals

(Navigator

Rock Flow On,




PVT Designer 21.4

PVT: extrapolating a saturated branch

® When creating a black oil variant based on a compositional one, a saturated branch can be

extrapolated above the specified saturation pressure in the case of gas injection into the reservoir

+

IN Experiment Options

bd

Tab Mame: [PVT 2

Phase Envelope
K-values

Cuality Control

b

If necessary, the composition of
the gas/condensate being
added can be specified

.
ENER

BB Rock Flow Dyranics

Experiments 4
Hydrocarbons
Pressure, barsa

Viscosity vs Temperature

SC Pressure, bars: 1.01325
(®) From Range
5C Temperature, C: 15
Mumber of Val 5t : |20 -
umber of Values/Stages Oil FVF/RS Calc. Method: | Whitson-Torp 1
Mini : 10,1325
L Gas FVF Calc. Options: Flash 5C Gas e
Pax ; 200
i Calc, Density to 5C Methed: | Frem Flash e
O From Sample Table Type: Mot Specified e
Samples: CCE Sample 1

[ ] Use Separator

Saturation Properties at P > Psat

() MNe

(® Add gas/cond
() Add gas/cond + extrapolation

[ ] Use Gas Table

Fraction,

From Separator Tab

Separators:

From Sample

Separator 1

C1

C3

kg-mol/kg-mol

Hydrocarbon Temperature,

Mormalize Fractions

El gty
]
] LR R

possible P in the set range

[ ] Allow Different Qptions for Different Variants

QK Cancel Help

Extrapolates up to the maximum
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PVT Designer 21.4

Compositional: multiple water components

® Multiple water components and their properties can now be set in compositional variants

Components ‘ @ Saturation Pressure 1 X @ Phase Envelope 1 X ® CCE1 X

Component Properties | Binary Interaction Coefficient Split Tables
O Default

_t_f_l_ Water Settings

WaterSettings ). 000038476930668640514 0.000039476830668640514 0.0000:

(@ Multi Component Water

Pressure, barsa DREFW
Mumber of Values/5tages: |20

-- water densities at a reference pressure

() Water Il:::l Salt Water MaCl

4k

Pinimum: 10,1325
Maximum: 230 1
Water € Compesition,  Molecular Wei.. Reference Press... Compressibility, Reference Mass... Reference Visc.., Viscosibility, 395/
ater Lompon.. fraction kg/kg-m bars 1/bars kg/m3 cP

WATER1 0.2 17 200 3.947609e-05 991 0.31 le-09

E E
WATERZ : 17 200 3.947609e-05 991 0.31 -

-- reference pressures for water components

WATERS 19 200 3.947609e-05 999 200 200 200 200 /
WATERA4 18 200 3.947609e-05 995 : Te-
r I [ [ I I L I [ [ I I L I _- [ I I L I ‘
| The columns correspond to the following keywords: I S viscosity(nw) viscosibility (nw)
| WNAMES, Wi, MWW/MWWS, PREFW/PREFWS, | . )31 )31 S
| CREFW/CREFWS, DREFW/DREFWS , E—— o o R
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PVT Designer 21.4

Workflow: matching to samples

® Compositional and black oil variants can now be matched to samples

f______________________________\

Warlfloy ~ [E]+ IE:}" [E:TE [E]TI I"i 4) (b H H i i Use for Matching: Component Property

N Calculations and Workflows

Use for Matching: Cormnponent Property
Use for Matching: Viscosity

Use for Matching: EOS Property

Use for Matching: Non-equilibrium Flash
Use for Matching: BIC

Matching Samples

;‘H Available Calculations Vanant Name: | Lurnping Vanant 11 W
H'j Q I C Input variables Composition: | Composition 3 ~
P I x2 Python Libraries [] Clean Prepared for Matching

Utiliti o 1 Use for Matching: Component Property : .

IICIES TI =P : Component Ma... Property Type Use for Matching Min Base Value Max Keep Order
ay . 2 Use for Matching: EQS Prope
@ v Compositional Variants H= a5 - perty C16+ Critical Temperatuse 745 823.685 988.422 n
3 Matching Samples
=I= el C8-C15 Critical Temperatuse 548 659.301 739 ]
v :
Mat::hlng I o I:'lw

Workfloy ~ [E]+ :E:x [E:Tz [E]TI I’i () (b H H i i Use for Matching: EOS Property

Variant Name: | Lumping Variant 11 w

Input variables Composition: | Compaosition 3 ~

Pythen Libraries

[] Clean Prepared for Matching

o0 o rie
P oy . 1 )* Use for Matching: Component Property _ _
Create CDFﬂpDEItIDHEﬂ Variant TI Property Type  Component Na... Use for Matching Min Base Value Mazx Keep Order
oy [ ] 2 Use for Matching: EOS Property _
Create Composition > . Shift C16+ 0 0 1.2 ]
3 v Matching Samples
== 9 =emp Shift ca-C15 0 0 1.2 1
& |

Workfloy ~ EE]+ ZE:}‘ [E;E [E]TI I‘i 4) Cb H H i i Matching Samples

Variant Marne: | Lumping Variant 1 1 W

Input variables

Result Yanant Mame |Matched

Python Libraries

Main Opticns
#* Use for Matching: Component Property Algorithm Particle Swarm Optimization W
) Use for Matching: EQS Property Mazx Iteratiun5|1'|}mﬂ] = |
Matching 5amples Stop on Slow Improvement

Mumber of [terations | 1000

4k

Improvement Value (24) |E |

Experiments for Matching

I
Composition Expernments Samples Weight
I Composition 3 CCE1 CCE Sample 1 1
I Composition 3 DLE 1 DLE Sample 1 1
Composition 3 Grading Test 1 Grading Test ... 1
I
I

GO B S S S B B I I I B I I S B DS B B B B B .

(Navigator ST TTTTTTTT ST T TS T T T T T T T T T e T T T 113

EEEE Rock Flow Dyranics



Network Designer

(Navigator

Rock Flow On,

Project Designers Meodeling 5Settings License Help
F‘arall l: Max System Threads =4 ~ | [»] Use GPU Eﬁ

tNa\nganr
Geology Designer
Model Designer
E PVT Designer
Well Designer

Network Designer
@ g

Licenses

Simulation

Simulation Results

AHM & Uncertainty

Batch Jobs

Remote GUI

n Manuals

Network Designer 21.4




Network Designer 21.4

Export objects in a custom format

® Itis now possible to export data for network objects in tabular form in a user-specified format (the top

menu Edit 2 Export 2 Import/Export Objects in Custom Format)

Project  Settings  Files | Edit | Project Management Hel
: : ject Manag : N, Export X
HEEE F:Il:l
! 29 [ Open Python Actions Editor 1 - »
t‘ 5 [E] E':. D . . ! @ r, Q Al LD ' Export Directory:
1. Open History Editor
T:l CL ™= Open Events Editor scheme | Map X Objects X Branches X Pips I—ID:"'TEEE"'ND"'tEE't"E{pDrt
- i
.ﬁ @ 2-phase Sep (™ Open Time Steps Editor [ Export structures:
W Choke Choke Well B3 '
@ 3'F||"|35E SEFl i II"I"|F||:||"|: ’ ﬁ M el | Source I |£| = | export — ] po
@ Automatic 0 2 2 ] sink - [naeHas MNogennTeca
@ Automatic Pumps @ 0 0 &3 <] Well
— v <« test » export
@ Chokes | Injector " F
@ Cu:ur‘nprEjs.s.u:urs, 2 Choke i ;ﬁ; |—|J I:l x v = u
@ Constraints _
€5 Groups of Elements e -, Vs
@ Injectors @ @ @ M ~| Automatic Pump — |J standalone_network_choke.txt
@ Jloints o F'urnp |J standalone_network_compressor.tet
E‘? Master Constraints @ @ 7] Compressor " 5 5:3”:3:'3”5_”$th_.|'37'”’£-::
) sStandalone_n OrE_plpge.
) Pipes o 0 . _
@ 5 P | Limits £ =| standalone_network_pipe_trajectory.tut
@ umps | Python Object Templates £+ | Pipe + =| standalone_network_pump.bet
F'.}-'I:hcun Objects e e 1 71 Well Gas-Lift - |_'| standalone_network_sink.txt
sinks 'I:l' =| standalone_network_source.txt
Sources sorl bl s ¥ Two Phase Separator ‘ |J standalone_network_three_phase_separator.txt
@ Well Gas Lifts [] Show Contrib. Charts T+ | Three Phase Separator . =| standalone_network_topology.tit
@ Wells Show Object Labels o | Joint =| standalone_network_well tct
vl
Show Disabled Objects “ Pipe Advanced Geometry
L . - ~'| Pipe Trajectory
Visualization Settings LF w
9 el 0 choke 0 Ch”“ Well A 4 Network Topology
|dentify Pipes MNone w 1 1 5
Ok Cancel




Network Designer 21.4

Import objects in a custom format

® Itis now possible to import data for network objects in tabular form in a user-specified format (the top

menu Edit 2 Import 2 Import Objects in Custom Format)

Project  Settings  Files Project Management Help Scheme | Map X Tables X Objects X Branches X Pipes X Graphs x

E' E [E] EE B ; Open Python Actions Editor ! @ E cj:\ 0

13.12.2021 ~ '

4k

. . Well Choke 2 Choke Well B3
2l Open History Editor @ @ @ @ Compressor Exportdime  Gas_Sale
.tl q P Open Events Editor scheme | Map X Tables X Objects X @ =0
] Pipid Pipe 3
P! & 2-phase Sep G2 Open Time Steps Editor % i P

@ 3-phase Sep % Import Objects in Custom Format
@ AutomaticC L Export b

@ Automatic Pumps '@ @ @ g‘g _I_H_ Import Project in Custom Format
@ Chokes

File Mame

Well Choke Pj Joint 1 Comp_line
@) 8¢ om0 X
Pipe 7
.... X

Import Structure Type

@ ':I:IFI"II:JFEE-E-EIFE- ctandalone network sink.tet Sink @ Source PipEE@ Joint 2 Pip@ Joint & Pipe 14 3-phase Separaﬂii_line® Chl_Tanl
@ Constraints @ @ @ standalone_network_source.txt Source
% Groups of Elements standalone_network_three_phase_separator.txt Three Phase Separator

@ Injectors

& ©) T omo
@ loints

@ Master Constraints == Addrows 2 Remove rows Detect Type
m Pipes N @ @ Preview

i Pipe 10
Pump_line

Joint 4 By Joint 5P1pe 1Tho Well Al

standalone_network_well tat Well

Pumps : Structure Preview: | Network Topolo oy Dietect Header in File Pipe 12
gp hF' - Python Object Templates  £F pology Pipe9 i p Pump ini_lin ini_wel
ython Ubjects : . File Preview: | standalone_network_topologytxt E @ ] @
e Object Icons Settings e J - o _ Choke 8 Well A2
Delimiter: All spaces ~ |Skip Lines: |1 = Wel Choke 6P Joint 2 @ @
£ oke
Sources 2L 3 E e i [ ] Preview Details: 50 + Comment: @ @ D} @
D well Gas Lifts [] Show Contrib. Charts £
@ Wells . Structure Type | Object From | | ObjectTo ~ | skip line ~ ~ Pipe 5 Pipe 4
Show Object Labels i _ _
1 Structure Type Object From Object To
2 topology Well B1 Choke 1 @ Well Ad @ Choke 5 Chuke@ Well A3
3 topology Well B2 Choke 2 @
tNa“igalorrﬁ 4 topology Well B3 Choke 3 ”
L Cancel 116
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View the parameters of imported objects

® In the Tables tab, it is now possible to see the parameters of the network objects and the network

topology imported from a file in tabular form.

Project 5Settings  Files Edit  Project Management Help

H M [E]E_'EE ‘.i& ‘)C 2R E@ﬂ: 15.1E.Eﬂ21v!
Well B S5cheme Map X Objects X Branches X Pipes X Graphs X =

Well B2
Well B3 Mame Status ESP Frequency Well Efficiency Factor  Object Mode Reservoir Coupling Model  VFP Rate Type

well project: VFP 1| Mass Fractions

T:. & 2-phase Separators
— @ 3-phase Separators

'ﬁ' @ Automatic Chokes

@ Automatic Pumps

Well A3 Well B1 Active - Standalone -

SIS ST IS IS IS IS 1S

]
Well A4 Well B2 Active 1 Standalone - well project: VFP 1| Mass Fractions

@ Chokes Well A5 Well B3 Active ~ 1 Standalone - well project: VEP 1] Mass Fractions

@ Compressors Well AT Well A3 Active ~ 1 Standalone v well project: VFP 1] Mass Fractions

&) Constraints Well A2 Well A4 Active 1 Standalone v well project: VFP 1| Mass Fractions

@ Groups of Elements Well A5 Active - 1 Standalone - well project: VFP 1) Mass Fractions

@ Injectors Well A1 Active - 1 Standalone - well project: VFP 1| Mass Fractions

@ Joints Well A2 Active - 1 Standalone - well project: VFP 1| Mass Fractions

E‘? Master Constraints

) Pipes

@ Pumps

@) Python Objects

@ Sinks

Sources

() Well Gas Lifts
@ wells
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Well control by Network Designer

® For integrated models, Network Designer has top priority in terms of controlling a welli

(Settings = Parameters = Properties & Control Integrated Wells By Network Designer)

Eroject files  Edit Network = SCHEDLILE.INC E:!l

H E #  Units Manager.. DeSIQner 21 WCONPROD

- SRS S E; ‘E-HF‘ 14 14 1 14 14 126 1 1/
Ea | Q& Pameters. 24

IN Solver Parameters % Project View 5Settings Files Reports  Project Help
1 e . - ak ok
Sobver 5E1:tings Pipe Solver Settings - E ¥ D Ij % }3 v & (: ~ @ PP Il [JRuntillStep: 0 |6{%] [ 25.05.2011 | | !
Singlephase correlation: Moody T:= Definitions Auto Sync 1.0 T 1- : ............ ............ ............... Gas}ljjte.

L . e [ ; : : SIS a8y
Elevations in graphs: From Map .ﬁ. e Q L:.|._. F-Lat 'r
[ ] Identify Pipe Segrments With Hydrates - 13.05.2017 00000 —

raphs A : : : : :
[ Calculate erosion P X Wi 0.8 ||| 20052011 0,0000 £
Data for erosion calculation Rates M Groups 21.05.2011  0,0000
Erosion velocity constant, (kg/m/s"2)"1/2: 122 Totals FlPHU_M =, | | | | | 22052011 0,0000 B
Fluid-in-place Well Filter 3 E
G - E|E|3|"I'IE1:|'_'_1" factor 1 Jﬁlna|-_.'.-tic5_ F‘E D_E ---- ............ ............ ............ 23.05.2011 ﬂ.{m}
Sand p|'|:|:||_||:ti|:|-'|__ I‘:EI."I.Elﬂ'_',": D Pressure U-"n 24.05.2011 0,0000 AT
Ak
| Flow Between FIPs s 25052011 0,0000
[ ] Use deWaard (1995) corrosion Fun Statistics LA f M
Corrosion efficiency: |1 ‘I.':".freDIIﬂPprlu:;Te [] Liquid With Gas Lift | ~ @ ===
Mole fraction of CO2 (only for BlackQil): |0 v [ ] Liquid Rate Input Lim
< > —_ . . 5 5 5 | | e
lse actual FH % l|'5|U|d Rate Calc Limi D_E ....... N I EE . T S e (. - - . . - "\\_
- d Gas Rate . P .
Specify: Graph Templates S |Well control is specified by Simulator |
Bottleneck Proximity Waterflood [ ] Gas Mass Rate e Em memsEe oo e — —
- [ ] Gas Rate[WEFAC] 0.0
L] Enable Testing 2D Histogram [ ] Injection Make-up G
Set Custom Pararmeters = - e W 20052011 22052011 24.05.2011
Rate Change Ratio: | 0,1 Fluid Properties E t Date ®
o Object
Schedul 5| | je
[ ] Control Integrated Wells By Metwork Designer - — < ? 1 1 8
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Well control by Network Designer

® Network Designer has top priority in terms of controlling a well

® Activation of a well is equivalent to specification of the WCONPROD keyword along with THP control

F'r|:|_|E|':t mgs iles  Edit
Units Manager...

.f" Object lcons Settings...

24 !
@ 2-phas

@ 3-phas

ESEHEDLILE.INE E3 |
5 =l 25.05.2011 ~ . 21 WCONPROD

A

arators

arators || () (M) () (W)

IN sclver Parameter >
e F'iFI-E Solver Settings A Pipe 1 Sink 1 't Miew Settings  Files Reports  Project Manager Help
singlephase correlation: Moody O @ D I:l (;{.) }1 $ C . PP Il [ RuntillStep: 0% |67 (@ 25.05.2011 ~ | ! | | | |
Elevations in graphs: From Map Definitions ] Aute Sync 000F e oo ............ ............ Gas Rate.
[ ] Identify Pipe Segments With Hydrates Q 5 : : th. sm3/day
Grid Properties ; - - -
[ ] Calculate erosion : v Wel 300 19.05.20117 00,0000
Dasts for erocion calculation Graphs e F:[ SR ............ ............ ............ ............ mep—
"1 | Erosion velocity constant, (ka/mvs*2) 172 (122 | o | 5 5 5
Erosion velocity constant, (kg/m/s"2)*1/2: |1 Rates ~ Groups ﬁ | | | | 21052011 969,1500
5 _ gEEﬂ'IEtI'_', fﬂEtEl: 'I letals_ FlPNUM E EI:“:I ............................. - ............ - ............ - ............ - ............ ElﬂSIEﬂ-I-I 951 gﬂzg
: , . — Fluid-in-place Well Filter W :
Sand production, kg/day: U v Well Analytics = : : : : 23.03.20011  9.21.6468
a ? : : ?
[] Use deWaard (1995) corrosion Mame Elres.suErE " E A b oo e e R | 24052011 910,6011
Et'.l".r - . . -
Corrosion efficiency: |1 Status {Dw =" ; ’ v [B] Gas Rate ~|l B 43052011 [S0eG1G
Mole fraction of CO2 (only for BlackQil): |0 ESP Frequency, Hz (Gas Rate < 200
PR " Graph Templates T L e s S S
sEactual p Well Efficiency Factor 1 [ Gas Rate[WEFAC]
i as Rate -
Specify: Object Mode Simulator L E TR [] Injection Make-up €
Bottleneck Proximity Reservoir Coupling Model 2D Histogram [ ] Gas Rate (H] o
[ ] Enable Testing VED [ ] Gas Rate Input Limit % 20052011 22052011 24 05201
Set Custom Parameters | Fluid Properties ¢ ’ Date
Rate Chang& Ratio: :'1 /S EEI EII I I IS I IS B B B S S . ..
Control Integrated Wells By Mebtwork Designer W IWe" Contl'0| IS speCIfled by SImUIator_’ 1 1 9
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Temperature profile in a well

® For Standalone and integrated models, the temperature profile in a well is taken into account in

calculations (Settings = Parameters - Solver Settings 2> Use Temperature Equations
(scneme x_J+ Standalone

Bubble Map
Termnperature

model

HE SRR § project IN, Solver Parameters wEH E@ Choke2 Chukeﬂ @ Well B3
Basic Data Geometry 3D Well Construction Well Test Data Schedule || Temperature Profile |§ Well F m : Properties | Pipe Solver Settings 15 00 4-16C ﬂr-dlE' ¢ 15.00C Cumpressur Gas_Sale
Data _ Linear Solver Settings % i 20, 95 C 239 C
Enabled 2000 Linear Sohver Algorithm: Bcgs :
. .. : e 1|.|'l.|'IIE'~ Chuke1 J't1
(®) Temperature from table () Const temperature , C: 20 Linear Solver Preconditioner ilu_ikj € @ emn
Linear Solver Type: Direct
MD, m TVD, m Temperature, C _ _ _ 15 00 17.16 C 15'55 C :
1500 [ ] Use Matrix Block Scaling (Only for Direct Solver) E
1 0 0 13
[ ] Use Parallel MPI Block Sohver (Only Tubing Head Integration)
3500 500 76 1 Use New Equation Svstem e Source Joint 2 Joint & 3-phase Separator Chl_Tank
31000 1000 38 Use Temperature Equations 000 C D 1613 C a 1491 C 3. 13.04 C D 1239 C
4 1500 1300 30 Eﬁ 1000 Use Heat Balance Equations
5 2000 2000 52 % N Use Iterative Temperature » i -

Project Settings Files Edit Help Well DeSigner

Project View Settings Files Reports  Project Manager Help

=T H M A & C ~ @ P> 11 ORuntilstep: 03 [62] 25052011 | | | | | | | . wel

500 @
T:. Definitions . Auto Sync : Tubing Head Temperature, 1146 C
N . 5 5 5 5 C
Grid Properties
'ﬁ' 19.05.2011  0,0000
0 | | | Graphs 20.05.2011 15,0000
20 40 60 Rates ,..,, roups 21.05.2011 15,0000
Temperature, C Totals FIPNUM © 22052011 15,0000
Fluid-in-place Well Filter @
% 23.03.2011 15,0000
Hressure @ 24,035,201 15,0000
Flow Between Fl 5 25052011 15,0000
Run Statistics  w =
< > |:| 8
[]
Graph Templates [[] Working Time from Start 1 ; g g g
[] Working Time from Start to : Well W' I nteg rated
t Waterflood Hyudrastatic Avo Densi : Tubing Head Temperature d I
Naviaator: — mode
g v 20052011 22052011 24.05.2011 1 20

EEEE Rock Flow Dyranics

Fluid Properties £ > Date
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Import PS project

® The top menu Project =2 Import =2 Import PS Project

® The network topology will be imported to the Scheme tab along with the object parameters coinciding

with the parameters in Network Designer, and the fluid model used in the PS project will be detected
bR Project X @ PS project X |+
F'ru:u_iEn:tJ SEﬁingctManagement Help

1 Project X |-
Settings  Files Edit  Project Management Help
B savehis. 0 ’ *
[ZiF) Createilpﬁkrchl ith Project... ]‘ /
» ¥ Import Projects
E:-:pu:urt N Import Cases

¥ Import PS Project

Load external results...

_I_H_ Open Project

9 nces test

| | GatheringMNetworktnt  25.11.2021 12:04 Dann "TNT

Wmn daitnal | GatheringMetwork.tnt v | | P5Project (".tnt)

OTtkpbiTe

«— W « ND » 244701 » test v 0
¥Ynopagounte ~ Hoean nanka == -
s
~ l1ram [arta n3mMeHEHWA Trn

JTrmeHa

(Navigator:

EEEE Rock Flow Dyranics

HE & E

0
Es

&

2SS SC o2 mE

0

o

15.12.2021 ~ '

Q / E Map X Tables X : X Branches X Pipes X Graphs X

@ 2-phase Separatnrs.
& 3-phases PN WS W N Well_C4
#® Automati I:Illl- Pump
@ Automati
@ Chokes || s :

¥ {Pump:
@ Compress

_ Mame Pump
@ Constrain
Status Active

@ Groups of el
(&) Injectors Discharged Pressure, bars ell_
@ Joints Pressure Ratio
E‘? Master Co Pressure Difference, bars
= Pipes Pump Power, kKW 112
@ Pumps Efficiency 0,8
@) Python O o
Sinks
Sources | Show Bubble Maps ¥ |
B well Gas Lifts [] Show Contrib. Charts
& wells

Show Object Labels ~ %F @ SWD
Show Disabled ':]h_iEl:.‘tE

Visualization Settings

|dentify Pipes | None e

121
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Separator

® Itis now possible to specify phases' fractions directed into the separation object(s)

(RMB on the object - Edit - Data Type - Advanced

Project 5ettings Files Edit  Project Management Help

I:'l E ZE: EE B .ﬂ. & 1) IN 3-phase Separator »

[ |
Y | | Ee— "
'ﬁ' O Zphmseseparators || [

@ 3-phase Separators

3-phase Separator

Active -

INavigator-

EEEE Rock Flow Dyranics

v
| Mame
@ @ Status

#® Automatic Chokes Compressor  Export_lip Gas_bale
@ Autornatic P Data Type Advanced e
utomatic Pumps
@ Chokes @ @ ¥ (3as Separation Object  Comp_line
@8 Compressors | Water Fraction 0
: : Comp_line
@ Constraints Chl Fraction 0,2
@ Groups of Elements | Gas Fraction 0,9
@ Injectors @ @ v Water Separation Object Pump_line
@ Joints | Water Fraction 1 3-phase Separator Qil_line Oil_Tank
@ Master Constraints @ Oil Eraction 005 - e | | ] - ¥
o) [ oY ’
e ] (Gas Fraction 0,01
@ Pumps Python Object
@ Python Objects Object Icons Sn; Pump_line
Sinks | fell A1
SOUTCES [ ] Show Bubb
D well Gas Lifts [] Show Contr
@& Wells | Pump Inj_line Inj_well

Show Objeg
Show Dizab

Visualization 58

|dentify Pipes

Close

Help

122
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Bottleneck analysis

® Itis now possible to analyze a pipe capacity compared to its current state. If the rate through a pipe at

the current conditions is close to its capacity limit, a warning appears in the project log in the Log

panel (Settings > Parameters = Properties - Enable Testing)

Project Settings  Files Edit  Project Management Help

HERE SERHBEEKEO 9OC 02 E@Diﬂjﬂ.zﬂﬂv'
_I_H_ Solver Parameters e

T:. Q / Scheme Map X Tables X +
Solver Settings Pipe Sclver Settings " —
s5inglephase correlation: Moody .ﬁ. O 2 phase Separsors Euhhl?- Uap - @
@ 3-phase Separators @ @ @ @ Liquid Velume Rate 5C 770.79 sm3/day

Elevations in graphs: Frem Map @ Automatic Chokes

[ ] Identify Pipe Segments With Hydrates g iﬁ:{r::t'c Pumps @ @ @ @ : Pipe 1
[] Calculate erosion @ Compressors
Data for erosion calculation @D Constraints @ @ @ Pipe
Erosion velocity constant, (kg/m/s*2)*1/&: | 122 @D Groups of Elements @ 1] @
&) Injectors @ @ @ O 1002.03 sm3/da 1002.03 sm3/day

+
I+I

1

DO

5 - geometry factor: 1 & Joints
Sand production, kg/day: ! &P Master Constraints N @ @ i Piped i Pipe 2
0 Pipes
[] Use deWaard (1995) corrosion @ Pumps Python Object Templates £+
Corrosion efficiency: |1 @ F';HTHD” Objects i 1 Pipe 6
PMole fraction of COZ (only for BlackOnl): | sinks 1772 82 sm3/d 1772 B2 sm3/d @
) —_— Sources Show Bubble Maps t* -0z sma/day -0z smasday 231.24 sm3/day
K !
~SE actual p @ well Gas Lifts [ ] Show Contrib. Charts ~ £* Pipe 3
Specify: @ wells %
Show Object Labels ~ £F
Bottleneck Proximity Show Disabled Objects
Enable Testing Visualization Settings £ ]
[ ] Set Custom Parameters 770.79 sm3/day ®
|dentify Pipes | Mone e

Rate Change Ratio: | 0,1

Log | Initial Warnings | All Warnings | w2 My Warnings Y ®91 |
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Pipe visualization variants in the Scheme tab

® The possible options include a standard icon, an icon visualizing hydrates formation in a pipe and an

icon with the VFP symbol, which indicates that a VFP project is in place for the pipe

/ Scheme | Map X Objects X Branches X Pipes X Graphs X =
Bubble Map Bubble Map
Pressure

. ) Source 2
Liquid Volurme Rate SC @ @ @ @ ®
6.93 sm3/day 0 Choke 3 9 Well B3
24 28 ba 32 69 bars Compressor Gas_Sale
Pipe 3 @ - @
! 21.51 bars 15.00 bars
@ @ . @ Jﬂi"“
® @O D o T
13.86 sm3i/day

Pipe 4 ‘ Pipe 2 N @ @ % Ju:ulnt}l % Joint 6 - t+t 3-phase Spaatur e Qil_Tank
J Python Object Templates £ 19.30 barS 15.13 bars m 5.00 bars 4.00 bars
Python Object Templates  4F Source 3 Object lcons Settings o
Object lcons Settings % @mm Dm“ @ 6.93 sm3/day >how Bubble Maps L J|:||r1t-4 Ju:ulntS Choke Well AT,
| Show Cotri. Chr % FEome) < (b
Show Bubble Maps ¥ 6.50 sm3/dgggm¥66.50 sm3/day L] Show Contrib. Charts % 21,42 bars L, 22 20 W0 22 35 (D 32.96 b
Show Object Label i
[ ] Show Contrib, Charts ~ £F 1] Show Object Labels P Inj_well
Pipe 1 Show Disabled Objects - 'N' Choke Z“ Well A2 = 9
Show Object Labels i+ % Visualization Settings ™ % Joint 3 ot 3 bEFS._. 29 98 bars ‘I 100.00 bars
Show Disabled Objects 3 i
Visualization Settings £ J
Source 1
|dentify Pipes | Hydrates - e 5 Choke 4 Well A3
52.65 smalday 0 bars 33.73 bars

B Rock Flew Dhyranics
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Coupling several Standalone models

® Each network should be active and have the same data steps. The coupling is carried out via Sources
and Sinks (RMB on the object - Edit > Data Type > Dependent Object and in the Dependent Object

field specify the name of an object in the coupled project of the surface network)

Scheme Branches X P

Map X Objects X

+

ipes X Graphs X

@ Joint
R

General project

3 2-phase Separator 1

@ Source 1
&

M Joint 4
&

@ Wellf %Q }p%aratur
Y

.
ENER i

Riock Flow Dyramics

1
10m(

@ Sink 1

Joint 2

@ Sink 3

Joint 3

()

N gasi

v ik
Data Typ Dependent Object
Mame gas]
Status Acti

Project-GAS: Source

tH_ gasd

v Sink
Data Typ Dependent Object
Mame gasd

Project-GA%: Source

_I;'_I_ wat]

v Sink
Data Typ Dependent Object
Mame wat]
Dependent Object

Network Designer 21.4

Objects X Eranches X Pipe:

i Scheme ‘ PMap X

Project-GAS

Joint 1 Pipe 1 S5ink 1
% o=

Scheme

e Project-WAT
ap

Source 1 Pipe 1 Sink 1
.
B 2
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Rotation of network objects in the Scheme tab

® The button in the right panel > Alignment of Selected Objects - Rotate 90 Degrees Clock-wise and

Rotate 90 Degrees Counterclock-wise

b ccheme Map X Objects X Branches X Pipes X Graphs X ] Map X Objects X Eranches X Pipes X Graphs X 4+
LY
9 WEI Choke 2 0 I:hﬂ.ke Well B2 .-i-' @ WE| Choke 2 0 Chﬂ-ke Well B3
: : i : ()
++ Flip Honzontally Shift+H _-I-.-I: Compressor Gas Sale
¥ Flip Vertically Shift+V @ 1 1 e
Shift+R.
Shift+L

Wel Choke Jaint 1 otate eqrees Counterclock-wise };1 Wel Chﬂ-ke loint 1
9 w % Heorizental Alignment Shift+C 9 w g% -

§  Vertical Alignment Shift+X
s e Make Horizontal Gaps Equal Shift+G
: Make Vertical Gaps Equal Shift+]

in - I,P - w Sn::l-l..erE |

Joint 2 Joint & 3-phase Separator Qil_Tank
> om0 —>—om0—>- Qom0+ @

Joint 4 Jmntﬂ Choks wEup.
g{g - g‘:@ 0 9 Jnmt-i Julntﬂ Chokgf~, Well Al
OG0 <(2)
P'urn
Choke 8 Well A2 p 'Jw” »
- BT@

i

Choke 8 Well A2
@ WEI Chﬂ-keﬁ % Joint 3 0 9

Well A4 Choke 5 Choke 4 Well A3
® @& <@

(Navigator: 128
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Synchronization of the Z coordinates with the map

® In the Map tab, it is now possible to synchronize the Z coordinates of network objects with the surface

map (the right-panel button 3D Coordinates Editor - Synchronize Z Coordinates With Horizon Only

V|S|ble Objects)

-1 Well Section X

il Histogram X

azox

-
——
-

i . Model
B o ik Designer

tNaumalorO

EEEE Rock Flow Dyranics

7.144e+06f
7.145e+06[

7.146e+06[

..

7.148e+06F \

7.149e+06[
AL \

1200
900

300
0

3D Coordinates

qu:pe+06 B

0 ; 70 1400 2100 2800m

1.353le+07 1.

P g

Editor

& «qz]))

= Gas treatment

Network
Designer

O mm—tT

=

Synchronize Z Coordinates With

IN tNavigator >
Object Mame X m Y. m ZIm ™

1 Choke 1 13331668,375746 7145834, 287969  -2,768636

2 Chokel2 13331432, 730048  7145847,685201  -1,636579

3 Choke3 13331437,114232  7145433,363893  1,474915

4  Choked 13531718,998075 7145492 697962  0,122657

3  Joint1 13331634,183803  7145741,7550d9 -1,11612

B Joint2 13331467,920736  7145754,149258  -0,523792

7 Joint3 13531494, 743564  7145600,634159 0952129

8 Joint4d 13531691,516054 7145598,298492  -0,0730306

9 Choke?5 1333251980024 7148928457399  -14,233806

10 Chokeb 13532380,642789  7143943,313904 | -12,361179

11 Choke 7 13532362, 298268 7143805,848052  -12,605136

12 Choke 8 13532471,279041  7148751,586383  -14,228339

13 Joint 3 13332503,701341 7143892, 203008 | -14,168215

14  Joint b 13532405,304099  71438911,565111 | -12,803618

13 Joint7 13532392,92515  7143325,6669 -12,954904

16 Joint & 13532489,526374 7148814178129 -14268776 ¥
€ >
E Close

Horizon Only Visible Objects
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Well Designer 21.4

7 o

Sucker Rod Pump

® A new object—Sucker Rod Pump—has been added /o
Basic Data Geometry 30 Well Test Data Schedule Temperature Profile Well Profile + |

Construction View SEttings HGFiEDﬂT.E' DE!".I’iE.til:l'rl, m .IIII PP I IIII T T TP T 7 rr PV 777
[ ] Vertical View 1 r I:l -100 0
w  Well . .
_ [ | Keep Criginal Ratic :
v 131
_ Labels: Enabled 5elected e :
|:| Tubing _ E:
E Derforation |:| Chow Selected ijEEI: D'Epth 4} E PO0 ...................
Squeeze :
ﬁ | ??? 400 |- {Sucker Rod Pump 1
{F Packer MD: 836.80, m
g Filter —_
g Separator ?‘J B 600 H“u”_h ..........
!l Bottom Hole = h
. _ 1 S TR
-*.,J__| Gas Lift Valve =
—
. Valve A E
9 Tubing Flow Control m‘h E 1000 b , ............
S | ; S
M E E
@ Dﬂ '12[][] .................................. : '. .................
= j =
\ 'I '1;_"_[][] .................................. E .........
'1E|:||:| .................................. : ..........
'18[][] .................................. E .........
Mame Depth (MD), m Aute Calculated Mominal Rate  Mominal Rate, sm3/day  Strokes Per Minute  Stroke Length, m  Plunger Diareter, m  Slippage Factor  Diameter, m Status
< 1| Sucker Rod Pump 1 336,80142 40 b 3 0,075 0,02 0,04445 Active

tNaHigamr@ Parameters of Sucker Rod Pump 131

EEEE Rock Flow Dyranics




Well Designer 21.4

Multiediting

® In the Well Construction tab, it is possible to multiedit parameter values of well construction elements

® The depth may now be visualized both in measured depth (MD) and in true vertical depth (TVD)
Temperature Profile Well Profile & VFP1 X +

Horizontal Dewiation, m MName Depth (MD), m Strength of AICD, bars/{{kg/m3)(rm3/day)2)
1 r 0 1000 2000

1 AICD1 3732

ﬂ g g 2 AICD2 3237

200 3 AICD3I 2820

ﬂ 4 AICD4 2560
0
ﬂ 200
‘*";JI 400

600

SXA-1

WD, zoom : 1.000x, m
e
i
i

@O

—r
—
—
—

AICD 4
MD: 2560.00, m

I+

1200

’ -
1400 m—
O © @
A

1800
T o A T AT T T A T 2 3e-07
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Well Designer 21.4

Well construction errors

® The well project log in the Log panel can now be used to control errors occurring when creating a well

construction
Basic Data Geometry 3D Well Test Data Schedule Termperature Profile  Well Profile e VPPl x

View Settings Horizontal Deviation, m
[] Vertical View 0 1000 2000 3000

[] Keep Criginal Ratic
Labels: |Enabled 5el
[] Show Selected Objec

Construction

1

1= |«

v WELL "
ﬂ Casing
|:| Tubing
ﬂ Perforation
ﬂ SqQueeze
'D' Packer

B Filter
Q Separator

" paeid

nE o

T
T
T

]

- o

=0 &2l

VD, zoom : 0.900x, m

IE

!l Bottom Hole
2] Gas Lift Valve
. Valve
ﬁ' Tubing Flow Control Vab
v @B AICD
AICD1
AlCD 2
AICD 3
AlICD 4 1500
& sico

& Pull
@ ESP

lI] Sucker Rod Pump W 2000

im
i
—

AlCD 1
MD: 401543, m

1000

@O

Zl}il

Objects Errars
AICD 1 Out Of Tubing

Log . b U :
]
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Well Designer 21.4

IPR curves

® Itis now possible to visualize several selected IPR curves in the IPR tab

Project Settings Files Edit  Help

1 o[ :
HE S EREE
Temperature Profile Well Profile ® VFP1 X ® VFP 2 X VFP 3 X Table_1 X ® VFP 4 X IPR1 X ‘ IPR2 x |4 +
|IPR. Base: | Liquid w @

250
IPE. Model: Well Test Data

y,lf
IPR Model Data G
BHP, bars Volurme Rate, sm3/day
1 250 0 200
2 235 31,2 IPR Base: | Liquid i
3 |19 o IPR Model: | Fetkovich
4 100 12117
IPE. Model Data
5 50 133,9 150
Exponent: 0, 712223
B 10135 1404 @
S Reservoir Pressure, bars: | 249 9992
-
e Max Rate, sm3/day: 137,850
100

Show Other IPE.

Q 50
| MRz

tNa“igamr@ » o @ 134
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Heat losses along a wellbore

Well Designer 21.4

® The environment temperature (the TEMPERATURE parameter of the WELLDATA keyword) and the

coefficient for the heat exchange between the wellbore and the environment (the CONDTUBE

parameter of the WELLDATA keyword) are taken into account

= model_sch_with_temp inc E3 l

4

24

WCONFROD

'"WELL" OFEN THF 2% 1% 3* 10 [/
!

WELLDATA

'"WELL" 400

'"WELL" 1000
'"WELL" 1500
'"WELL" 2000

"WELL" 400

"WELL"
'"WELL"
'"WELL"

1000
15040
2000

DATES
01 FEB 2018 /
!

— =

EEEE Rock Flow Dyranics

55585 5588

TEMFERATURE
TEMFERATURE
TEMFERATURE
TEMFERATURE

CONDTUBE
CONDTUBE
CONDTUBE
CONDTUBE

Project  View

= H o%j:lv@(: ~ @ Pr 11 CJRuntillStep: 0 2

Auto Sync

O
-

Settings

Definitions

Grid Properties

Files Reports Project Manager Help

Graphs
Rates A roups
Totals FIPMUM
Fluid-in-place Well Filter
Analytics
Pressure
Flow Between FIPs
Run Statistics
Crossplots
Well Profile
Well Section (] "
User Arithmetics v [7] Drawdown
Block Info Drawdown
Profile Info v Drawdown[well_model_with_temp
€ ? [ ] Drawdown (Water)
Graph Templates [ Drawdown (Oil)
[ ] Drawdown (Gas)
Waterflood [ ] WBPOD
[] wep
20 Histogram [] WEP4
M1 ssrmnc W
Fluid Properties £ 3
Schedule E’H Object -~

20

—
L

—
—

Pressure, bars

151

[\® 01.04.2019 ~

A model with
heat losses

Well WELL'
Drawdown
Drawdown[well_model with_temp]

03.2018

07 2018
Date

11.2018  03.2019

01.01.2018
01.02.2018
01.03.2018
01.04.2018
01.05.2018
01.06.2018
01.07.2018
01.08.2018
01.09.2018
01.10.2018
01.11.2018
01.12.2018
01.01.2019
01.02.2019
01.03.2019
01.04.2019

Drawdown, Drawdown[well_model_with_temp

bars
0,0000
19,3454
19.4211
19,4976
18,5048
20,0243
20,3302
20,5806
20,8917
21,1342
21,3112
21,3696
21,9162
22,1828
22,4752
22,7615

bars

0,0000

19,2963
19,4401
19,4723
19,2689
20,0814
20,2221
20,6076
20,9001
21,1163
21,3792
21,3529
21,9136
22,1861
22,2865
22,7677
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Well Designer 21.4

VFPPROD points for Black Ol

® Itis now possible to edit the points of parameters of a black oil model in the VFP Correlation Plotting

Points table, which are used in calculation of VFP curves based on the compositional model

Project Settings  Files Edit  Help
L a0 [ .
HE S ER®| 6
Basic Data  Geometry 3D Well Construction ~ Well Test Data  Schedule  Temperature Profile  Well Profile ® VFP1 X VP2 x

Graphs ———a———s————8—1 TP EHP BHP ===
FLO : TM = 100 kg-m/day 5000 boe  (FLO:TM=100kg-.. (FLO:TM=10..
FLO : TM = 1000 kg-m/day bars bare @
FLO : TM = 10000 kg-m/day . p— 24 1662 =
FLO : TM = 100000 kg-m/day
FLO : TM = 200000 kg-m/day 6000 | g g gy | (/145 31,0282 41,4016
FLO : TM = 300000 kg-m/day [[24 51,4202 57,1852

FLO : TM = 400000 kg-m/day

| I_H VFP Correlation Plotting Points
FLO : TM = 500000 kg-m/day

BHP. bars
=
—
—

= = = —8 % % 8% B B —=8 THP, bars FLO WFR GFR ALQ
|PH TablEs :. ........................................................ .E G”_ ht ) 5m3.llr|ja}|' WGH e GGH wt . 5m3.|'r5.m3 pUMP s , HI

|

20 40 60 a0 100

THP, bars

m—= BHP (FLO - TM = 100 kg-m/day)
=—m BHP (FLO - TM = 1000 kg-m/day)

=—m BHP (FLO - TM = 10000 kg-m/day)
=—m BHP (FLO - TM = 100000 kg-m/day)
=—m BHP (FLO - TM = 200000 kg-m/day)
L= =—a BHP (FLO - TM = 300000 kg-m/day)
=—m BHP (FLO - TM = 400000 kg-m/day)
m—m BHP (FLO - TM = 500000 kg-m/day)

X anis: | THP v || &* | Show Graphs with Fixed: FLO: TM

WFR : WTF ' 0 A

] ® GFR : MMW 46,1414 ~
INaUIQalor ' - Bottomn hole datum depth (TVD), m: 1982 252947112 1 36

BEEE Rock Flow Dyanics ALC: PUMP ' 0 * \WFP Mumber: 1

4k




Well Designer 21.4

Modeling the corrosion of well material

® The corrosion of well material may now be modeled using the deWaard (1995) model with the help of the
WELCORER keyword 2 3D Histogram

1<
= R_V_1_2_welcorer DATA 3 ooz |
0.13308
HELEI:}EER 0.09788
FROD 1 wfp project corr /[ e -
COBROSION EFFICIENCY 0.37 f | o
MOLE FRACTION CO2 0.08 /[ .

ACTUAL PH 5.3 f
!

Project View Settings Files Reports  Project Manager Help

Fa - O H-iﬁ'QC'.PFII (] Run till Step: 0 % EE:FE_'_MJE.EﬂMvI,,,,,,,,,,,,,,,,,,,,,,,,,!

% Definiions Auto Sync .
ﬁ Grid Properties Q B 4.,
Graoh v Wells 15 b o —— -
e t 'PROD_1_VFP_PROJECT.CORR'|| = (I
Rates M 4+ 'PROD 2 VFPCORR = -
Totals Groups E
. . Fluid-in-place FIPNUM . . .
_ @ T E e [
Corrosion of tubing Arattie Well Fiter g |5
Pressure = AT
Flow Between FIPs W @
< > || OO Number of opened connections Al E 0| | i G T A
[] Well Control Mode - Well ' PROD 1 VFP_PROJECT CORR | —
Graph Templates [ | Bottom Hole Reference Depth : : : : Well Maximal Corrosion Rate
v ] Corrosion : : : : Well Average Corrosion Rate [ nix
Waterflood : : : : e : :
i Well Maximal Corrosion Rate ~Well Minimal Corrosion Rate : n\‘-
. N
®& 2D Histogram Well Average Corrosion Rate :
aulga or Well Minimal Corrosion Rate ¥ 03.2000 07.2000 11.2000 03.2001 07.2001 11.2001 1 37
WIEEE Rock Flow Dyrantics Fluid Properties < > Date




Well Designer 21.4

Well Profile tab

® Itis now possible to show several parameters (pressure, temperature, etc.) simultaneously for different

combinations of rates, tubing head pressures (THP), GFR, WFR, ALQ and correlation types

Easic Data Geometry 3D Well Construction Well Test Data Schedule Temperature Profile | ® VFP1 X ® VFP2 X VFP 3 X Table_1 X ® VFP 4 X IPR 1 >
Initial Parameters Well Profile Graphs Graph Table
Pressure, bars D, WVarant 2: Press...
Varniant Name Variant 1 Variant 2 100 200 m bars
Result Success Success 0 ; z zg — E i?ﬁ
THP, bars 50 50 et "
FLO 100 100 3 16 51,5504 16 51,5199
FLO Type OIL, sm3/day *  OlL, sm3/day v 200 il 33,101 3 33,04
WER 0,8 0.8 5 b4 56,2022 B 56,0802
WFR Type WET r WCT - AD0 B 128 62,4058 128 62,1617
GER 0 0 7 256 74,8171 256 74,3283
GFR Type GOR, sm3/sm? » GOR, sm3/sm3 - 600 § |34 87,2337 384 86,4993
ALD 0 0 9 512 99,6556 512 98,6764
ALQ Type GRAT, sm3/day ¥ GRAT, sm3/day d 200 1:‘ zzz 11;“2132 ::z 1;?;5.?
Fluid Variant 1 Variant 1 = - 'EEEI 135’954 - HE;BE'
Vertical Deviation Swap Angle 30 30 -] ‘ ‘
Horizontal Deviation Swap Angle &0 60 = 1000 Ll = Lozl e 147,432
Vertical Part Of Well Hagedorn-Brown corr. Fancher-Brown corr. = Ll - 161,846 1132 139,633
Deviated Part Of Well Beggs-EBrill corr. Beggs-EBrill Revised corm 1200 b e el il B
Horizental Part Of Well Eeggs-Bnll corr. Eeggs-Brill corr, - Ll - Lefis Sl 184,051
Eriction : 0.1 1400 17 1536 199,225 1536 196,267
Hydrostatic 1 | 18 15350 200,589 1350 197,603
< 19 1550 200,596 1550 197,61
+ Create || X Remove 1600 20 1558 201,36 1558 198,373
21 15366 202,124 1566 199,135
Graphs
[] Temperature " 1800 22 1382 203,633 1582 200,659
tN a“i g alo rﬁ 23 1614 206, 700 1614 203,708
M Rock Flow Dyramcs L] Interfacial Tension Variant 1: Pressure *—=a VVanant 2: Pressure 24 EEE 2 i R wllies 1 38
[ 1 il Volume Rate SC hd




License server 21.4

Licensing and License Server

Project Designers Meodeling 5Settings License Help

k‘" Parallel: Max System Threads = 4 Use GPU Eﬁ

INavigator

Geology Designer Simulation

Model Designer Simulation Results
E PVT Designer AHM & Uncertainty

Well Designer Batch Jobs

Network Designer Remote GUI

l Licenses l n Manuals

— _
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License server 21.4

Licensing and License Server

® License use statistics aggregated by users, groups, queues, and license types may be

visualized in the tNavigator graphical interface.

License Server Report localhost:805/[group:1]

Group GUI black oil compositional  geology designer history matching model designer  network designer
1 258 0 0 168 0 168 168
1 27418 1 0 38286 1229 38286 0

1 2440 4183 4130 10 0 234 10

1 o042 i 0 02 0 387 0

1 456 0 0 0 0 455 455
1 2855 0 0 2855 0 0 0

1 8333 420 0 7986 0 8350 7986
1 10019 768 3 2617 10 6761 1903
1 4569 16 14 1351 0 1351 0

1 83 7 0 0 0 0 0

1 1553 0 0 1459 0 1459 0

1 3038 4758 0 263 1875 263 0

1 32342 2905 2526 0 0 0 0

1 15164 0 0 13589 0 243 0

Total: GUI 112070 min, black oil 13199 min, compositional 6675 min, geology designer 71676 min, history matching 3114 min, model designer 58257 min, network designer 10522 min

I Save Selected to File # Close

® A summary table on the use of licenses has been added to the calculation log.

= THERM11_FiXleg E3 l
23113 | Licenses info | |
23114 mmmmmmm oo oo s s s
23115 ] Maximal number of Black 01l licenses | 1]
2311¢ I Total Black 01l licenses utilization time | 00.00.23|
23117 | Maximal number of Compositional licenses | 1]
23118 Il Total Compositional licenses utilization time | 00.00.23|
23115 ] Maximal number of Thermal licenses | 1]
tNa“i alor“ 23120 || Total Thermal licenses utilization time | 00.00.23]
mwwﬁg R - 140



Documentation 21.4

Documentation & Localization

Project Designers Moedeling Settings  License  Help

L‘,H Parallel: Max System Threads = 4 -~ Use GPL Eﬂ

Geology Designer Simulation

Model Designer Simulation Results
E PVT Designer AHM & Uncertainty

Well Designer Batch Jobs

Network Designer Remote GUI

Licenses l n Manuals l

— _
a“I g alo rIH}
EE NN Rock Dryramics
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Documentation 21.4

Built-in documentation

® A section with the list of supported keywords in IN format is available as a part of User Manual.

5| 17. Keywords for format IN
a The keywords of format IN correspond to certain keywords of tN/E1/E3 formats according to the following tables. Note that the
; keywords related to initial data arrays are listed separately in the second table.
=
% IN keywords
§
BINARYINTERACTIONCOEF BIC (see 13.16.46)
BOXPROPERTYEDIT ARITHMETIC (see 13.3.2)
BRINECOMPONENTCOMPRESSIBILITIES BDENSITY (see 13.7.7), BRINE (see 13.1.61), PVTW
(see 13.5.9), PVTWSALT (see 13.7.8)
BRINECOMPONENTPROPERTIES BRINE (see 13.1.61), ECLMC (see 13.1.63), SALTVD
(see 13.18.54)
BRINECONCENTRATIONDEPTHTABLE BRINE (see 13.1.61), SALTVD (see 13.18.54)
BRINEFLUIDMODEL BRINE (see 13.1.61), SALTVD (see 13.18.54)
CAPPRESSURE SGFN (see 13.6.14), SWFN (see 13.6.13)
CAPPRESSUREHYSTERESIS EHYSTR (see 13.6.92)
CARLSONRELPERMHYSTERESIS EHYSTR (see 13.6.92), SATOPTS (see 13.1.76)
CARTERTRACY AQUANCON (see 13.19.11), AQUCT (see 13.19.9),
AQUDIMS (see 13.19.1) =
CARTERTRACYINFLUENCEFUNCTIONTABLE AQUDIMS (see 13.19.1), AQUTAB (see 13.19.10) E
CELLACTIVITY MINPV (see 13.2.31), PINCH (see 13.2.63) 5
tNa“i alorﬁ E CELLDOUBLEPROPERTY SOLUTION (see 13.18.1) Eﬂ
g 142
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Documentation 21.4

New training tutorials (1)

A tutorial for Geology Designer:
® GD4.7. How To Work With SEGY Headers
This tutorial provides a workflow for import of seismic 3D data in the case

where

the text header contains no information concerning the inlines and crosslines
positions in the SEG-Y file.

A tutorial for Geology Designer and Model Designer:

® COMMON1.9. How To Create Dual Porosity Models via DFN

0000000000

This tutorial covers the basic workflow for creating discrete fracture network
(DFN) and dual porosity (DP) models in Geology Designer and Model Design
The input data are loaded, the geological and (later) dynamic models are

built, then the calculations are run and the results are analyzed.

!_Na“igamrﬁ 143
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Documentation 21.4

New training tutorials (2)

A tutorial for Model Designer:
® MD3.3. How To Create Geothermal Model

This tutorial explores the creation of a geothermal black oil model with temperature

extension using a simple grid with a five-point well placement system as an

example. The tutorial also includes the .data file of the resulting geothermal model.

A tutorial for Model Designer and AHM:
® MDAHMA1.5. How To Use Ensemble Smoother Method

In this tutorial, we show the approach to running the ensemble smoothing method.

The initial data are loaded into Model Designer, the necessary variables and

workflow are created, an initial ensemble of variants is generated, and the ensemble

PPPPP

smoothing method with the defined objective function is started.
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Documentation 21.4

New training tutorials (3)

A tutorial for Simulator:
® SIM6.10. How To Model Single Well Chemical Tracer Test

Wells dule Graph Graph Templates

This tutorial explores a compositional model with chemical Graphs st vs Cale

reactions. The ester is modeled as two components, one In .

the oil phase and the other in the water phase. The

distribution of ether between phases is modeled using

chemical reactions. The ester dissolved in water reacts with
010

Mnolar [Rate I-fg m;"dﬂyr
-
T

water to form ethanol and acetic acid.

.05

02 2020 03, 20220

Date

S0 W Compaonent ALCO YWWater Molar Rate
o WY1 ester
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Thank you for your attention!

The complete list of new features is available in the Release Notes

tNavReleaseMotesEnglish.pdf - Adobe Acrobat Reader DC (B4-bit)
File Edit WView 5ign Window Help

Home Tools tNavReleaseMotesE... X

w e Q 0o

@ Bookmarks

- B

[l tNavigator Library : :
@ INavigator 214

| 1.1. tNavigator Kernel (Simulator)

1. tNavigator 21.4

| 1.2. Graphical User Interface

'] 1.3. Assisted History Matching and The key new features in tNavigator 21.4 are:
Uncertainty

[:I 1.4. Geology Designer and Model
Designer

e Setup software (an installer) for the Linux version of tNavigator has been added. The
installer runs on the console and is implemented as a sequence of ASCII graphic screens.
The program also installs the user documentation.

A 1.5. Geology Designer
- ¢ A common view of the log panel with an oplig
A 1.6. Model Designer . 5P .
or mask is now supported {g
| 1.7. PVT Designer Designer andt

INavigator- a6
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Contact technical support

thavigator@rfdyn.com
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