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KURC / Add-on pack

KAPPA

KURC — KAPPA Unconventional Resources Consortium
« KURC-1: 2012 — 2015

« KURC-2: 2016 — ...
 KURC options are exclusive to members for 3 years since their release

« KURC members get access to any Add-on features

UR Add-on pack
 New developments + selected KURC-1/2 features post-exclusivity period

» Specific license privilege in Saphir @, Topaze ¥ and Rubis ¥
* Non-digressive, per stand-alone license
» Available since KW v5.20.01 (2018)



Add-on pack features

KAPPA

¥ @  Fast numerical models for SRV & Trilinear geometries

¥ @ DFN analytical model with conjugate fractures

¥ V¥ Numerical single-well DFN model

¥ ¢ ¥ Numerical model with composite zones

P V¥ Load and display of microseismic data

¥ 9@ Simulation of Klinkenberg effect

¥ 9@ Fickian diffusion et

Water flowback with static Initialization New in KW V5'3_0 (2920):
Clarkson DDA Linear Flow plot ®©9 Anomalous diffusion model
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Flowing Material Balance plot , ®@  Multi-zone fractional model
|
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Statistical EUR ¥ 9@ Refrac for a MFHW
¥ 99 DFN Upscaling

¥ 9@ Loading properties of fracs
e e e e e e e e e e e e e e e = —— -



KURC-1/2 exclusive features

KAPPA

Features contractually exclusive to KURC members until mid-2020:

KURC-1

KURC-2

Ve
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Ve

L A A 4
L A A 4
L A A 4

Load from Fracturing Software
Confined PVT
Multiple KrPc

Stochastic DFN realizations
Interference with DFN: Fast Marching Method
Stimulated zones around the fractures



Fast numerical models

» A

KAPPA
Very useful in the case of complex PVT Stimulated
and a simple but very long MFHW to Reservoir
tune the fracture properties prior to Volume
running the full numerical model bounded
(SRVB)
| Trilinear
L Can be initiated from
Finite radius an analytical model
nfinite conductivity fracture .
Iiinitetionducﬁ'ﬁtytiracm?; via the DaShboard
Limited entry
Horizontal
Fractured horizontal
Fractured horizontal + SRVE
Fractured horizontal + Trilinear

Efficient Proxies for Numerical Simulation of Unconventional Resources, Artus et al., 1896873-MS URTEC Conference Paper (2014)



DFN analytical model

KAPPA

» Conjugate fractures: # fissures and geometry

[ (¢ | complex horizontal fractured well (=R ES 1
J Parameters Q N @ RE
= = L g
Show: |All hd | ? | [ "] Show shart names |\|ﬁ|
well & wellbore e -
Skin 0.00000
Modeling type : Conjugate fractures v:
Flow type Simple
Well length SRVB
Trilinear
Iw
Global fracture parameters Conjugate fractures I
Number of fractures 12 L
Fracture model Infinite conductivity
Fracture half length 806,657 ft e ms ol e o s o s e s e o
Fracture height 30.0000 ft
Fracture width 0.00328084 ft
Global natural fissure parameters - T
Fissures connected [}
Vertical half number of fissures 1 e s mis s sl afs o sl s s s mls
Fissure half length 80.0000 ft
Fissure height 30.0000 ft
Fissure model Infinite conductivity
“Tistory conswants =
Indude constraints m
Max surface rate constraint 3.00000E+5 MscfiD ¢
Min surface rate constraint 0.00000 Mscf/D
Reservoir &boundary oo (i
Generate ‘ | Cancel
Y
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KAPPA
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t properties, including relative permeabilities and k(p).

tinc

Numerica
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Well 1

DFN and well fractures have d




Composite zones

W S

KAPPA

Composite limits are L
now allowed to cross 'k
fractures to simulate
enhanced area close |
to the well

Region #1 A
Reservoir type Homogeneous b
M 1,00000

D 1,00000

Met-to-gross 1,00000

Region #2

Reservoir type Homogeneous

M . Homogeneous

o E)_ual porosity pseudo steady state I/\\b

Met-to-gross 1.00000




KAPPA

Visualizing attributes:
date, amplitude, stage index

herrorial Each,

s QBRSNS 47 4 B H B A




Accelerated initialization @V

KAPPA

Large models with multiple MFHWSs are initialized using specific faster procedures




Klinkenberg effect

oA

KAPPA
il : well 1 -
For gas observed permeability can be higher o 5 0000 .
than the true/absolute permeability of the Perforation length 30.0000 f
. Well length 30.0000 ft
rock due to slippage ete donendent don
Skin 0.00000
Wellbore model Mane
Available in the numerical model: EaE §000.00 ft
Indude constraints
« PVT is setto dry gas Reservoir A
Initial pressure 7245.55 psia
o Real PVT are Used Reservoir type Homogeneous
. Transmissibility 1000,000 md. ft
 Reservoir type: homogeneous e 33,3333 md
Thickness 30.0000 ft
Parosity 0.1
Klinkenberg
Klinkenberg b 200.000 psia
Met-to-gross 1.00000
kz/kr 1.00000



Water flowback

KAPPA

To model the post fracture treatment water flowback:

well 1

Available in the numerical model: s —=

. . Fracture model Infinite conductivity

e Multiphase PVT includes water Number of fachres s
Fracture half length 300.000 ft
Fracture height 30.0000 ft

° R eal PVT are u Sed Fracture mid-point height 15,0000 ft

. Width 0.00328084 ft

 Well is set to MFHW =
I 15,0000 ft
Well length 1000.00 ft
Stimulated zones around fractures
Indude injected water |
Injected water 5000,00 MMSTE
Rate dependent skin

The user inputs the total injected water volume

The injected volume is divided between the
connected hydraulic and natural fractures
(accounts for Kr end points)

The local pressure increase is not modeled




Clarkson DDA Linear Flow plot VK

KAPPA
. . . Clarkson linear flow plot ] ] ] ] ) @ /g ox
Linear flow analysis modified s] :
using pseudo-p from Dynamic " :
Drainage Area concept & 35 o m
E : : : : :
. . 2 30 \ .
Multiphase extraction 2z, \ e
= Q > g 20 \ : |2
Mew plot  Time interval  Print Print = : 2 | -
hd selection preview E— . . . ' . . -
D = Oooo<>< e Standard straight
g 10 G line analysis
= 5_ 00 \ A
Sensitivity 4 : Ooo : i . . : : .
pca ° Straight line analysis »  kx},, estimate
Nomalizedrate | T 0 IIIIIII 1 70 IIIIII 80 |_|_40
Flowing material balance 1 Time**0.5 [hr**0.5] ‘
nearflow P Linearflow %J Compute multiphase |_ pay(t) In depleted
Fetkovich DDA-corrected linear flow -
Specialized lines logleg | pSGUdO-pI’eSSUfeS Zone

Rate-transient analysis of liquid-rich tight/shale reservoirs using the dynamic drainage area concept: Examples from North American Reservoirs,
Qanbari and Clarkson, Journal of Natural Gas Science and Engineering 35 (2016)



Multiphase/multiwell FMB Plot VK

KAPPA
General Flowing Material Balance % 1 1 (AppeyN
equation modified using pseudo-p App,w b BN\ Ap,,
and p,, from MB calculations e T | © /5 e x
Multiphase extraction 09] VIP estimate > Pav(t)
except: Dry gas + Water, Wet gas + Water, EoS + Water 0
= o = 5 i .| Norm. g vs.norm. Q || Compute multiphase
o e w1 S plot | _pseudo-pressures
-;- 0.5 { i : : : : i : : :
5
g 04} N
T 03]
Sensitivity 3 s E
pea T 0.2}
Mormalized rate .E' E
Flowing material balance » - °°1_§
Linear flow 4 Multiphase multiwell FMB hj 0
specialized lines leglog % os 1 15 2 25 3 35 a4 as
Large liquid volume [MMSTB]

Multi-Well, Multi-Phase flowing Material Balance Shahamat and Clarkson, SPE 185052 (2017)



KAPPA

—> Single forecast

- Monte Carlo + Improve for uncertainty o]
estimate E |

> Monte Carlo + Model Mining: replacing | =
the CPU expensive nonlinear regression |
step by a data mining proxy

Model Mining is activated when:
 Model forecast in done

o There are multiple Monte Carlo
sensitivity runs on the forecast L T

 The sensitivity runs ‘bracket’ S owe] /’/
historical Q .

[Mscf/D]
g

[425] aLinjon sen

Rate

— P50




Fickian diffusion

W S

KAPPA

PVT includes gas & Real PVT are used

Available under ‘Reservoir type’ §p or ‘Reservoir properties’§

Generate numerical model = x Reservoir properties 2 x
Main options - Parameters Topalogy Property set definition
[=]=] .
dude other wellz Wellbore storage calculator Name:
ude other wells  £5; Reset from diagnostic . L % Q ﬁ ﬁ
/] Show average pressure RESr el Show: | All v \? Show short names \r‘§3 Uniform Layered Regional Complex Show: | All - (¥ Show shortnames |
Click to edit, right-dick to assign
Qutput # | Perforation length 250.000 ft - |- = =
e —— - ) welllength 250.000 ft = Default Reservair type i Fickian diffusion -]
utput result fields '&:)' Automatic et Layer #1 Default Permeability Homogeneous
output wel d Its (Rubis orly) i 2= 200000 =
utput well drainage resd ubis on
& 2 b Wellbore model Constant -
Advanced w | Wellbore storage 9.50978E-4 bbl/psi - D xiie : i
Bottomhole MD 5000.00 ft - Diffusion ratio 1.00000
Ti=skean ™ || Indude constraints kefkr 00000
S —— . | Reservor A Lower layer leakage 1.00000
Initial pressure 4228.00 = - Rock compressibility 3.00000E-6 psi—t -
Reservoir type : Fickian diffusion v
Transmissibility Homogeneous Redefine KrPc in hydraulic fractures KrPe: @
Permeability - e 1 )
Thickness Fickian diffusion ) ! Apply unconsolidation in hydralic fractures Initial state: ﬁ
Porosi 0.2
N ttuty Tocoo0 Use DF Pressure dependent properties:  Default ﬁ
et-to-gross .
Diffusion time 10,0000 hr - \Eﬂ Exsrerte @
Diffusion ratio 1.00000 @)
kzfkr 1.00000 - Geothermal
gradient
Keep dialog open Generate Cancel oK Cancel




DFN Upscaling \ L4

New in v5.30 KAPPA

DFN upscaling reduces the refinement of the grid (and gridblock count), correctly accounting
for the matrix-to-fracture flow and interacton . ————r—

) DFM upscaling @
) )
« DFN added in Map DFN resolution 4,00000 ft
DFM .
. Upscaling parameters are available in Grid 2 DN coarse resolution — f

Grid

* Min gridblock size changes from ‘DFN resolution’ to ‘DFN coarse resolution’

No upscaling

=R I W T W I

0 20000 40000 BOGO0 RO000 1000
Grid size

No upscaling 5 ft upscaling 10 ft 50 ft
~94,000 cells ~30,000 cells ~13,000 cells ~5,000 cells



Refrac \" 4

New in v5.30 KAPPA

The option allows opening some MFHW fractures at a later time
 Wellis set as a MFHW
» Fractures are Finite conductivity Before refrac (time = 0): After refrac (time = T):
(a) Regular refrac pattern: Ng=a+b(a—-1)

Refrac @

Refrac elapsed time 18,0000 Month > T i

Murnber of fractures at t0 12 a | \ ‘

Refrac ratio 4 b

Infill O

|
I
I
!
|
'.

i
|
|
|
|
|
|
i

(b) Irregular refrac pattern:
« Complex MFHW + indiv.properties |F&
« Each fracture has its own refrac time T

(c) Infill option:
« All fractures start with matrix properties and switch to high conductivity at refrac elapsed time T



Loading properties of fracs ¢ K

New in v5.30 KAPPA

The option allows loading individual fracture properties for a complex MFHW from a file
« MFHW well modeling type should be set as ‘Complex’

* ‘Load’ button is available in the well dialog B FH 122 0 | b e ARG ) S A |
» Tick the options prior to loading a file: s

- Half'length I_Fractures load I

— Fracture position (MD) — —
— Angle to the wellbore Pate Source Separators
. : B b spece
— Individual properties (w, F.p, @) : Vs
C:\Users'kostyleva\Desktop\Fractures definition - Ne == Others: ;
— Offset s
Colu Column 1 Column 2 Column 3 Column 4 Column 5
== pp—— P v ande e &
Unit ft ft = UnDefined
i Fracture name MD *f Angle E;acb.lre name
Geometry and properties - Fracture #4 2 i [degrees] MD Start
Measured depth LY fe 3 Fracture #1 000 462.151 67.1651 Angle
Fracture half length 1134.53 ft 4 Fracture #2 636164 550,908 67.5127 S;E;t %
Fracture angle 67,3336 5 Fracture #3 7060.33 300 £3.117 5.92736
Fracture offset 192.914 ft 5 Fracture #4 7631.17 1134.53 67.8386 192.914
Fracture height 400,000 ft 7 Fracture #5 8322.01 535,809 48,9681 250,219
Fracture conductivity 150.000 md. ft 8 Fracture #6 9350.3 300 53.0675 -42,3358
Fracture width 0.01 ft [ ] 3 Fracture %7 9920.6 630,715 518192 -209.228
Fracture porosity 0.1 10 Fracture #3 11110.2 559,723 58.7486 -311.902
11 Fracture #3 11575.7 667,504 53,7188 -166.042
12 Fracture #10 12235 300 63,9204 83,1065




Anomalous Diffusion v K

New in v5.30 KAPPA

Anomalous Diffusion analytical model is made internal

well model [Horizontal fractured] o b We” Slmple MFHW Or Trlllnear

[[torzontal Factured il ﬁ « Single layer models only
Rate dependent skin Time dependent skin -~ (&) . .
| * Matrix: homogeneous / double porosity
Reservoir model [Homogeneous] -
Homogeneous - e Can include changing WBS, rate-/time-dependent skin
Homogeneous h/ lls= M D Definition

Dual porosity pseudo steady state

Dual porosity transient (slab) “ i 2 bound
Dual porosity transient (sphere) FEEE i B ILITEET
i ite Initial pressure 5000.00 psia
Anomalous Diffusion l Transmissibility 0.2 md. ft e
PR e mebity  00000E-3 « | Additional parameters:
Thickness 200,000 ft a and a
Poraosity 0.1 f m
Well & wellbore Primary diffusion exponent 0.7 (also for outer zone in Trilinear)
Wellbore storage 0.01 Secondary diffusion exponent 0.3
Skin 0.00000 Reservoir Homogeneous
Modeling type : Trilinear kzfkr 1.00000
Flow type Total compressibility 3.00000E-6 psi—t
Well length I ?'EI:{nﬁear
Zw Complex
Mumber of fractures Conjugate fractures

Fractured-Well Performance Under Anomalous Diffusion, Raghavan and Chen, SPE-165584 (2013). Also SPE-191407, SPE-191484.



Multi-zone fractional dimension'

New in v5.30 KAPPA

Multi-zone fractional dimension analytical model is made internal
Selected in Well or Reservoir model dialog (the two are synchronized)

« Boundary: infinite / circular / linear
(o oo G o « Compatible with multilayer geometry
Time dependent sin (1) « Compatible with time-dependent skin
* Not available with time-dependent well mode

Well model [Multi-zone fractional dimension] A

Reservoir model [Multi-zone fractional dimension] A
|Multi-zone fractional dimension R |
¥
Boundary model [Infinite] #
Infinite -

Analytical Pressure and Rate Transient Models for Analysis of Complex Fracture Networks in Tight Reservoirs, J.A. Acufia,
URTeC paper SPE-2429710 (2016). Also SPE-2667752, SPE-2896802, SPE-2876208.



KAPPA

THANK YOU

> Jin[v]G,

kappaeng.com/ur


https://www.youtube.com/channel/UCpMqXpOV103qgqA-GUDWe0w
https://www.linkedin.com/company/kappa-engineering
https://twitter.com/kappaengdotcom
https://www.instagram.com/kappaengineering/

oad from fracturing software @ K

KURC-1 KAPPA

Fracture properties can be non-uniform along the fracture plane

:: T
= : settngs e Define a MFHW as ‘Complex’
s ._:_::i MName: | Field H Well 25 . ‘ 1
= ; o « Activate ‘Import fracture data
== . miemesss——1 « Load properties from *.csv or *.xml:
-:_ . -:k.:, Radial compaosite Multiple fractures .
= [ Time dependent () nflow coniroldevices — Index, TVD and location at the well
e T |S12=;:“ent:t:;:pmperues — AI 2 — (X,Z)Z Wf, kf, FCD’ Q, ,8

Drill floor elevation 0.00000 ft .

el radus - * Define fracture MD and angles

Drain angle . =

well Ienggﬂ'u 02022022 ft

w 15.0000 ft

Import fracture data I |

Stimulated zones around fract... O b

Rate dependent skin 0

Location -

Input well head O

X -1000.00 ft

¥ 0.00000 ft i




Confined PVT \" 4

KURC-1 KAPPA

Rubis license required
) ] e | < 2 B & (@ [Elrvasmees ==
T h e S I Z e Of th e p O re S ~ th e S I Z e O'I: Flash KAPPA ASCI Excel Cipboard Petex IFP  Edips e ——

Problem definition

h yd ro C ar b O n m O | e C u | e S (‘ C O n fl n e d ’) f'ﬁMal’n A Equat;:;:fstate Common functionaitties v Ruf:\s I\cenfe r.aquired

KAPPA PVT |

. . Fluid system Fluid type [ Mon uniform parameters
- PVT is different from the phase e
[ Herizental anisotropy [ Property sets

& Interfacial tensions v () Dry gas

behavior in a laboratory cell -

[ Faults with throws

() Condensate (dew point fiuid)

Common functionalities & Rubis license required

Temperature modeling

|« Fluid Definition Type: EoS Lw
e Check ‘Confined PVT’ A b Ty
¢ . y - . . Permeability 6.14271E-4 md
e ‘Pore radius’ is available in |mes 20,0000 P
. . Porosity 0.1
Reservoir Properties e
Pore radius 1.00000E-8 I m




Multiple KrPc

KURC-1

KAPPA

Matrix, well fractures and natural fissures can have independent sets of KrPc
 Multiphase PVT is defined & real PVT are used

&

PVT and
Diffusion M atnx
1 deffusion
VT Bdffuson | Analyteal modeling | Mumerical modeing
St phase
. Rieference fud:
@ witohase
Diffusion

&

Murmerical

I o/ Reiatrve permestsity:

Generate numerical model
Main options A

Reset from diagnostic

Reset from analytical
Show average pressure

Output ~
W] Output resuit fields 8 Automatic
) Manual
Output well drainage results (Rubis only)
Advanced -

Time dependent (1)

Uncorssdation:

Deserpbion:

]

I-/ Redefine KrPcin hydrauiic fracturest

Time stepping .
Numerical settings .
&\l S

DFN

Natural fissures

Well fractures .

2 P a

Load Generate Deletz Export.

W/ Redefine KrPcin natural fissures I

9

Parameters
General
Origin Generated
Number of fissures 150
Total Xf 14460.8
Average Xf 95,4051
Global fissures physical parameters
Model type Finite conductivity
Porosity 0.1
Width 0.00323084
Conductivity 10.00000
OK
Gererate

-

Cancel

Caricer

e
|

Properties
Reservoir properties
Topology
Uniform Layered Regional

Click to edi, right-click to assign
Default

Layer £1 Default

Well fractures

Natural fissures

DFN
2 o
Load Generate Delete Export

LS

Complex

I | Redefine kiPcin hycrauic frachured

Geothermal
aradient

B
Property set definition
Name: | Default
Show: |All MIE Show shortnames |
Reservoir type Homogeneous
Permeability Constant ~ 33.3333 md
Porosity Constant ~ 0.1
Net-to-gross Constant ~  1.00000
kzfkr 1.00000
Lower layer leakage 1.00000
Rock compressibiity 3.00000E-6 psivt
Initial state:
Pressure dependent properties: D=f:
Desorption: Defa
oK Cancel

ancel



Stochastic DFN realizations ¥

KURC-2 KAPPA
=== . y . . . y . . . . .
7] ‘Map’ > ‘DFN’ - ‘Generate Location can be defined u-seismic, if loaded
DFM
DFN geometry stochastic generation = x
. Global settings
Famlly 2 Fissures parameters -~
e O 37: ——————— 1 Mumber of fissures 50
: /N ~— x I Ese- n-'|icroseismics events — tl ~
I \\\“‘W : X maximum 2500.00 ft
| T \;’ ~— I A v minimum -1500.00 ft
I / T~ —~ /l/ ¥ maximum 1500.00 fit
| We I Impose random generator seed =
I --.._‘__\~ / ‘\‘-l
; / I Fissure families
I Family parameters “ Family name - dd
% / \ \ \é: Fractiu:a 0.5 Fraction F '|Y1 =
"" d il Delete
I \-\""‘\.._ / f | Minimum fissure length 200.000 ft Family 2
| / _//,.-” Maximum fissure length 300,000 ft
S e = = = = - -1 Power 1.50000
/ f Strike angle 30.0000
Family 1 K strike 400.000




= |nterference with DFN: FMM \ 4 K

KURC-2 KAPPA

At least 2 wells must exist in the map
E ‘Map’ = ‘DFN’ - ‘Generate’

DFN Giobal setings
Interference time is an input to constrain the DFN s .
A number of realizations are run using Fast Marching (flow in = ™™™~
fractures only) to pick one closest to the interference time e

Power 1.50000

Then a full model is run in oo
Analysis

Fast marching
 Use fast marching
—
ObsErvaﬂun well /‘/ Fast marching parameters = 21% @

No DFN DFN+FMM ° \ —— el 1 Actve el
‘ well 2 Observa tion well Pzl ez 0.0982475 hr

/ — Interference time 300.000 hr

W Max realiza itions 100
o
: h\"k‘\kﬂ-__& Active well /ll’ Conductivity 10.00000 md.ft
= —_ /J_ Width 0.00328084  ft
P 0.1
- l ooooo ity

j o 'f’ e : Computing fast marching models ...
— ﬂ
o L L Cancel

/




Stimulated zones v/

KURC-2 KAPPA

Stimulated zones around fractures of a MFHW
« Available for both Simple and Complex well types
« Defined by radius of the zone, k and ¢ multipliers

| porametes | These parameters
: can be regressed
Show: | All || [ Show short names . . ,
upon in ‘Improve

Well 1

Modeling type Simple Improve

Drain angle 0.00000

Fracture model Infinite conductivity Parameters

Mumber of fractures 13

Fracture half length 360,000 ft Constant parameters

Fracture height 30,0000 ft M Well 1

Fracture mid-point height 15.0000 ft Theta

Width 0.00323084 ft M

Fracture angle 90,0000 = - xf

Zw 15,0000 ft Hf

Well length 2000.00 ft o I

[Stmulated zones around fractures ] - Width

Stimulation radius 50,0000 % ft - Beta

Permeability multiplier 4,00000 - Zw

Porosity multiplier 1.00000 = Lw . . .
Rate dependent s O ©  Stmuaton radus Compatible with numerical
Wellbore model None - k multiplier .

Bottomhale MD 6000.00 ft @ phimdtpier SRVB/Trilinear models




KURC-2 future developments

KAPPA

Y VV¥ MFHW with deviated drain trajectory
P 9@ Coupling with geomechanics
P V¥ Stimulated zones around the fractures with k(p) and ¢(p)
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