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OMG I'M SO\EXCITED!!

l’* r‘-t.

Main objective: Click every button and not rush.
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Small Courses throughout the Year

. Half-day courses (4 hrs)
. Hands-on focus with software and theory
. 7 Different Virtual Courses, 8 am — 12 pm CST

Recording: https://youtu.be/gxqzI8B_12A
Slides: https://shorturl.at/gzBNW

hol leulati |
Recording: https://youtu.be/Opvojymb-5U
Slides: https://shorturl.at/wLWZ9

htical ical
Recording: https://youtu.be/A20v8P6GrEI?feature=shared
Slides: https://shorturl.at/XVS7H

Flowi ol bal
Recording: https://youtu.be/7T3KPIlc-MgM?feature=shared
Slides: https://shorturl.at/ellc7

e bledalhmabcle D Cotobor D00
Recording: https://youtu.be/s5a0wM-dJYU?feature=shared
Slides: https://shorturl.at/eTwBL

T e
Recording: https://youtu.be/bEpl19bK9uM

Slides: https://shorturl.at/qQ03r

. DCA & Type Wells — 4 December 2024

Send e-mail to carlsen@whitson.com if you haven’t received the invite to the courses.
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https://youtu.be/qxqzl8B_I2A
https://shorturl.at/gzBNW
https://youtu.be/0pvojymb-5U
https://shorturl.at/wLWZ9
https://youtu.be/A2Ov8P6GrEI?feature=shared
https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqbjNnMGh3S0dWWmR1UVZ1cjh4WjNUSmZlaVI3d3xBQ3Jtc0tuSzEzdkJvejJ2bTBZazFPRW4yMm1KcnlRNkhzeDlJTlJpUG54V3lIWUwxRFN6bGw0TGc1YmJ5MEVhRjRQVVBiY056bTVxVUQ3eVNpRXRSMHpua0RzY0d6OVdsMDFLMXd5WGFTb1BFUnBTQU5QT1hQMA&q=https%3A%2F%2Fshorturl.at%2FXVS7H&v=A2Ov8P6GrEI
https://youtu.be/7T3KPIc-MqM?feature=shared
https://shorturl.at/eIlc7
https://youtu.be/s5a0wM-dJYU?feature=shared
https://shorturl.at/eTwBL
https://youtu.be/bEpl19bK9uM
https://shorturl.at/qQO3r
mailto:carlsen@whitson.com

Need Course Certificate?

Contact carlsen@whitson.com

Wh itson CERTg;cmE

ATTENDANCE

John Doe

has successfully completed
RTA in whitson+
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Training

https://whitson.com/training/

whitson+ software course
1-Day, In person course - Houston

@ 8:3m-16 pm Central Time (CT)

MNodal Analysis in whitson+
Virtual 1/2 Day Course

Well Tests (CPG & DFIT) in whitson+
Virtual 1/2 Day Course

0 &12a

DCA & Type Wells in whitson+
Virtual 1/2 Day Course

L]

PVT & Phase Behavior in whitson+

Virtual 1/2 Day Course

0 512

Bottomhaole pressure calculations in whitson+
Virtual 1/2 Day Course

g B-12 Central Time (CT)| 7-11 am Mountain Time [MDT)

Analytical and Numerical RTA in whitson+
1/2 Day Course

0 512

Flowing material balance in whitson+
Virtual 1/2 Day Course

9 &

itral Time (CT)| 7-11 am Mountain Time (MDT)

entral Time (CT)| 7-11 am Mountain Time (MDT)

itral Time (CT)| 7-11 am Mountain Time (MDT)

itral Time (CT) | 7-11 am Mountain Time (MDT)

entral Time (CT)| 7-11 am Mountain Time (MDT)

itral Time (CT) | 7-11 am Mountain Time (MDT)

37
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An all-in-one solution

Web based solutlon

whitson™ G a
, : v’ BHP Calculations

v FMB
v RTA

v’ Reservoir Simulation

v Nodal Analysis
v Well Testing (CPG, DFIT)

6 whitson



General Support

whitson* software
support@whitson.com (2 min response time)

7 whitson
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Access to whitson?

NOT YOUR COMPANY DOMAIN

@ www.courses.whitsonD
. Username: your e-mail

. Password: WhitsonDCA2024*

*Send an e-mail to dahouk@whitson.com if you need help to login.

9 whitson


mailto:dahouk@whitson.com

Access to whitson?

< C 2% https://courses.whitson.com

S

80 Fields = WhitSOl’l+
ogo Projects
wells Search Fields Q
A Scenarios
Main Data & Models A

A PVT
e Production Data

Production Data Analysis A

’c‘{," Decline Curve Analysis

@ Bottomhole Pressure

10 whitson



Software Structure: Top Down

Field Project Well v Analysis

& Id: = . . a
o0 fe = whitson™ scoopStack ~  Main +  BRAVEHEART1H-169 +  Man v «> i 9D F @0
oo Projects
Wells Production Data SMOOTH EDIT DELETE
Analyses Main Data & Models A~ N
USE CUMULATIVE ha :q: E[ @
Main Data & Models A~ —— Water ----- Gas i ~ Put gauge — Pubing Peasing
. 10° A PVT
PVT
-~ Production Data E ® .
2 o Production Data 6000
Production Data Analysis ~ =
©
&% Decline Curve Analysis 8
@  sottomhole Pressure = Production Data Analysis e 5000
=
[ Flowing Material Balance E
= . .
S - Decline Curve Analysis
g 4000
= 7
= Numerical RTA — 5
= = 2
BT Numerical Model % Bottomhole Pressure s
g =
Nodal Analysis 28 3000 8
—— i ) . &
= Flowing Material Balance
= Multi-well DCA =
2000
A Type wel = .
2 Analytical RTA
Diagnostic Plot Er
7
Advanced PVT & Phase Behavior ~ ] - 1000
z Numerical RTA
Virtual PVT Lab v 12
-
Gas EORPVT v
Numerical Maodel 0
odal Analysis
N Measured Pressure and Gas-Lift Rates
Date - 9g G Puf, gauge Ptubing Pcasing g, gas hft Liquid level (MD) Choke Size
# [set/STB] [STB/d] [Msef/d] IsTB/d] Ipsia] Ipsia] [psia] [Msct/d] [l [in/64]
26 May 2019 00:00 1 -241041666.7 0 1157 1798.6 0 0 0 0 1] NaN
27 May 2019 00:00 2 NaN 0 1934 1419.5 0 0 0 0 0 NaN -

2023 - Whitson AS. All rights reserved
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whitson*: Set Zoom to 70-80%

W whitson” b g + v — X

& C @ https://internal. whitson.com/fields/2/projects/49/wells/241/pvt/fluid-definition Q v % O 8 & ¢ » O ﬁ :
Field Project well A Analysis
S0 Fields = whitson™ s - StianPhD-Projec]{  ~  VolatileOil  ~  Main  ~ New tab Cerl+T
Projects New window Ctrl+N
Wells FLUID DEFINITION BLACK OIL TABLE EOS MODEL

New Incognito window  Ctrl+Shift+N

Main Data & Models ~

A e Reservoir Fluid Composition @® i [# Surface Process i@ History >

Production Data
~ el Method APl and GOR Well Specific Process Downloads ciri+)
) ) T 200F 300 100F
Production Data Analysis ~ woenit . 3300 psia 147 psi 60F Bookmarks 4
e Decline Curve Analysis
ra
- +

@  Bottomhole Pressure Zoom S0 e
& Flowing Material Balance Phase Envelope v 3 hia (] Print... Ctrl+P

A~ Analytical RTA ¢ Initial Reservoir Conditions O Separator Conditions o Critical Point Cast

— Bubblepoint — Dewpoint
= Numerical RTA Find Ctrl+F
Ind... ri+
B Numerical Model
8000 <
More tools »
e Click here
7000 )

Multi-well Analysis IS Edit Cut Copy Paste
B8 MultiwellDCA 6000 i

o ) Settings

Type We

Diagnostic Plot

(Alternatively, CTRL + “-” Help '
— v on keyboard) -

B
=}
=}
S

Pressure (psia)

Gas EORPVT v
2000
1000
o
0
0 100 200 300 400 500 600 700

Temperature (F)

© 2023 - Whitson AS. All rights reserved

— , ENG 535PM _
£ Type here to search o & =™ Z ) P e E?s
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whitson*: Maximize Screen by “F11”

W whitson” b g + v — X
& C & httpsy//internal.whitson.com/fields/2/projects/49/wells/241/pvt/fluid-definition Q » ¥ O 0 &4 ¢ B 0O ﬁ :
Field Project Well T frer .
GORNEeke = whitson™ saken - SianPhDPoect - VolatleOl - Man < « > i ® r A 00
ogo Projects

Wells

Main Data & Mode|

A o
A7 Produc .
Click F11
&
e
7 Analytical RTA ¢ Initial Reservoms
— Bubblepoint
X Numerical RTA
B Numerical Model 8000
~ Nodal Analysis
7000
Multi-well Analysis ~
B8 MultiwellDCA 6000
N Type Well 53
éSDUD
Diagnostic Plot >
5
Advanced PVT & Phase Behavior ~ § 4000
o
Virtual PVT Lab v 3000
Gas EORPVT v
2000
1000
0
0 100 200 300 400 500 600 700

Temperature (F)

© 2023 - Whitson AS. All rights reserved

n 5:37 PM
£ Type here to search ¢ P © B ~ o o B ® z O S E|\||\Ic()3 E?S

3/1/2023
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whitson*: More Screen Real Estate

el v Analysis
O, Id: - . + .
go  Fields = whitson eomian - ~  Hunt002 ~  Main  ~ ¢ > i B r @ 0@
ol  Projects
wells FLUID DEFINITION BLACK OIL TABLE EC
Main Data & Models s
A PVT Reservoir Fluid Composition &© | [4 Surface Process i @

A/ Production Data

Production Data Analysis A A

’é/; Decline Curve Analysis
@ Bottomhole Pressurs
|2 Flowing Materal Eslance Phase Envelope v O T EB
v Analytical RTA < Initial Reservoir Conditions O Separator Conditions o Critical Point
—— Bubblepoint —— Dewpoint
= Numerical RTA
B Numerical Model 8000 o
x Nodal Analysis
7000
Multi-well Analysis A~
Eg Muhi-well DCA 6000
L Type Well E
2 5000
E Diagnostic Plot y
5
Advanced PVT & Phase Behavior A g 4000
o
Virtual PVT Lab v 3000
Gas EOR PVT w
2000
1000
o
0
0 100 200 300 400 500 600 700 800

Temperature [F)

® 2023 - Whitson AS. All rights reserved

14 whitson



whitson*: More Screen Real Estate

4 e Project el N
= whitson Permian ~ Main ~ Hunt 002 ~ Main -

€« > i ©R r @ 0@

FLUID DEFINITION  BLACK OIL TABLE  EO

Reservoir Fluid Composition @ | [# Surface Process i =

Phase Envelope

v [ P ER
< Initial Reservoir Conditions O Separator Conditions o Critical Point
—— Bubblepoint — Dewpoint
8000 <o
7000
6000
=)
2 5000
H
7 4000
£
o
3000
2000
1000
o
0
0 100 200 300 400 500 600 700 800

Temperature (F)

©® 2023 - Whitson AS. All rights reserved

15
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whitson*: Navigation Panel

= 4 P Project Well v Analysis
. . ) | :
S0 Fields = whitson Permian = «c5 i 9D T 7 ®
ngn Projects @
Wells FLUID DEFINITION  BLACK OIL TA
Main Data & Models ~

A BT Reservoir Fluid Composition N aVI g atl O n Pan eI
oo . Overview of all modules

Production Data Analysis ~
’3; Decline Curve Analysis
@ Bottomhale Pressure
£ Flowing Materisl Balance Phase Envelope v O T EB
~ Analytical RTA < Initial Reservoir Conditions O Separator Conditions o Critical Point
—— Bubblepoint —— Dewpoint
= Numerical RTA
Bl Numerical Model 8000 o
ZX  Nodal Analysis
7000
Multi-well Analysis A~
gg Muhi-well DCA G000
Type Well E
A 2 5000
Diagnostic Plot y
=
Advanced PVT & Phase Behavior A g 4000
o
Virtual PVT Lab 4 3000
Gas EOR PVT w
2000
1000
o
0
0 100 200 300 400 500 600 700 800

Temperature [F)

All rights reserved
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whitson™*: Software Hierarchy

Field Project Well 7 Analysis — ~

. . + . B

S0 Fields = whitson Permian ~  Main ~  Hunt 002 ~  Main - ( S ->/ i @ @ F @A @ e
—

FLUID DEFINITION BLACK OIL TABLE EOS MODEL

Main Data & Models ~

A PVT

A/ Production Data

e = Software Hierarchy Next / Previous Well

Decline Curve Analysis

Fields = Projects - Wells In a project

Flowing Material Balance

G
@ Bottomhole Pressure
=

4 Analytical RTA

= Numerical RTA

Bl Numerical Model 8000 o
X Nodal Analysis
7000
Multi-well Analysis ~
s Mutti-well DCA 6000
Type Well =
A ' 5000
Diagnostic Plot y
=
Advanced PVT & Phase Behavior A g 4000
o
Virtual PVT Lab » 3000
Gas EOR PVT v
2000
1000
o
0
0 100 200 300 400 500 600 700 800

Temperature [F)

023 - Whitson AS. All rights reserved
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whitson™: Create Multiple Analyses for a Well

o + : Well v Analysis
o Fields — . . . -
o = whitson Permian ~ Main ~ Hunt 002 ~ Main - < > i ® @ F A @ e
6% Projecss 0 ’
Add new analysis &
e FLUID DEFINITION BLACK OIL TABLE EOS MODEL
View all analyses
Main Data & Models ~

A pvT Reservoir Fluid Composition ® i [ Surface v i Save an anaIySIS
oo - Voo (or interpretation)

Production Data Analysis ~

for a given well

B’:« Decline Curve Analysis
@ Bottomhole Pressure
'ad Flowing Material Balzncs Phase Envelope v 3 T EB
~ Analytical RTA ¢ Initial Reservoir Conditions o Separator Conditions o Critical Point
—— Bubblepoint —— Dewpoint
= Numerical RTA
B Numerical Model 2000 N
X Nodal Analysis
7000
Multi-well Analysis ~
- Multi-well DCA 6000
Type Well =
< 'Esauo
@ Diagnostic Plot E’
4
Advanced BT & Phase Behavior A § 4000
-
Viral PVT Lab v 3000
Gas EOR PVT v
2000
1000
o
0
0 100 200 300 400 500 600 700 800

Temperature (F)

2023 - Whitson AS. All rights reserved
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whitson™: Create Multiple Analyses for a Well

Field : Well v Analysis

0, Field _ . + s
o° == = whitson Permian ~ Main ~ Hunt 002 ~ Main o < = 5 @ m °F u e e
6% Projecss { ’

Add new analysis &

e FLUID DEFINITION BLACK OIL TABLE EOS MODEL

View all analyses @
Main Data & Models ~

Main
A AT Reservoir Fluid Composition @& i [ Surface

A/ Production Data

Production Data Analysis ~

- BT Click here and it will bring
B’:« Decline Curve Analysis .
o eeren you to the well overview

'ad Flowing Material Balance Phase Envelope
~ Analytical RTA ¢ Initial Reservoir Conditions o Separator Conditions o Critical Point
—— Bubblepoint —— Dewpoint
= Numerical RTA
B Numerical Model 2000 W I I O -
<
ell Overview page
X Nodal Analysis
7000
Mukti-well Analysis ~ S WSO o < - emarene csien*Be@
— Multi-well DCA 6000 & Analysis: Main [
Type Well = - -
< 'Esauo
@ Diagnostic Plot =
Z
Advanced BT & Phase Behavior A § 4000
- .
Viral PVT Lab v 3000
Gas EOR PVT v o
2000 -
1000
o -
1] =
0 100 200 300 400 500 600 700 800
Temperature (F)

2023 - Whitson AS. All rights reserved
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whitson*: Change Units

Field well N Analysis
o, . = + "
go el = whitson  pemian - ~  Hunt002 ~  Main - Al Crange Unt System - S Z B 7 @
ofo  Projects r 3
~ . .~ Field
Wells FLUID DEFINITION BLACK OIL TABLE EOS MODEL
Main Data & Models A
A BT Reservoir Fluid Composition & | [4 Surface Process i &

A7 Production Data

Production Data Analysis ~

Decline Curve Analysis

Change Units

“
@ Bottomhole Pressure

|2 Flowing Matersl Balance Phase Envelope v O T EB
pvs Analytical RTA < Initial Reservoir Conditions O Separator Conditions o Critical Point
—— Bubblepoint —— Dewpoint
= Numerical RTA
3| Numerical Model 2000 o
=3 Nodal Analysis
7000
Multi-well Analysis A
B Mutti-well DCA 6000
Type Well =
& 'ﬁsnno
EI Diagnostic Plot by
5
Advanced PVT & Phase Behavior A g 4000
o
Virtual PVT Lab ~ 3000
Gas EORPVT v
2000
1000
o
0
0 100 200 300 400 500 600 700 800

Temperature [F)

® 2023 - Whitson AS. All rights reserved -
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whitson*: Input Card

4 Fed Project Well kg Analysis ~
ield: — s, )
Fields = whitson Permian - Main ~ Hunt 002 ~ Main - c s> i © R F @ @ e
Projects
wells FLUID DEFINITION BLACK OIL TABLE EOS MODEL
M. a & Model -
A BT Reservoir Fluid Composition & | [ Surface Process i &

These “Cards” is " s clicking here
what we call an

“Input Card” and

they contain input
information for the
different features-

0+
0 100 200 300 400 500 600 700 800
Temperature (F)

©® 2023 - Whitson AS. All rights reserved
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whitson*: Support Ticket

Feedback / Question

Type

Field (optional)

melpiond) You can also e-mail
oo ccdosg2e 740 200 7409957116 support@whitson.com

Description

[ Attachment (optional)

HIDE DISCARD SAVE

Copyright © Whitson AS Whitson



whitson*: Manual

o 4 = well v Analysis
Field = P ;
co  felds = whitson  permian - ~  Hunt002 ~  Man  ~ € > i ® o9
ofo  Projects
Wells FLUID DEFINITION BLACK OIL TABLE EOS MODEL
Main Data & Models A
A BT Reservoir Fluid Composition & | [4 Surface Process i &

A7 Production Data

Production Data Analysis ~

Decline Curve Analysis

“
@ Bottomhole Pressure

|2 Flowing Matersl Balance Phase Envelope v O T EB
pvs Analytical RTA < Initial Reservoir Conditions O Separator Conditions o Critical Point
—— Bubblepoint —— Dewpoint
= Numerical RTA
3| Numerical Model 2000 o
=3 Nodal Analysis
7000
Multi-well Analysis A
B Mutti-well DCA 6000
Type Well =
& 'ﬁsnno
EI Diagnostic Plot by
5
Advanced PVT & Phase Behavior A g 4000
o
Virtual PVT Lab ~ 3000
Gas EORPVT v
2000
1000
o
0
0 100 200 300 400 500 600 700 800

Temperature [F)

® 2023 - Whitson AS. All rights reserved -
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Important Shortcut: Refresh

 Refresh shortcut: “CTRL + R” \+ /
) \\+ S -
» Use if you experience — ~-
. ~ ,0 N
 Bad connection 7 ; I\
/ .

* The browser is “stuck”

24 whitson



Decline Curve
AMIEWAIE



o 0 A WD E

DCA: Outline

Arps

Fetkovich

Segment Types

Decline Rate Type
Limiting Decline Rate, d;,

Ratio forecasting

26
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Flow Regimes 1.01

Infinite acting flow ends as pressure transient reaches
one reservoir boundary

| | | | |

Transitional flow (period in between)

| l | l |

Boundary dominated flow starts when the wellbore
pressure response Is affected by all reservoir boundaries

27 whitson



Decline Curve Analysis (DCA)

q(t) = ¢; (1 + ba;t)~1/°

q; = initial flow rate

a; = nominal decline rate at time zero
b = rate exponent

q(t) = flow rate at time t

28 whitson



Decline Curve Analysis (DCA)

T — e omo Exponential (b=0) Harmonic (b=1)
10° . — — —] Q(t) - Qie—ait Q(ﬁ) = qz(l + (Iit)_l
N(oo) = & N(c0) = 0

5 “

;

Hyperbolic (0<b<1) Beyond Hyperbolic (b>1)

q(t) = qi(1 + bait)_l-’fb

q(t) = ¢: (1 + ba;t) 1/b

_ a1
N(eo) =73 N(o0) = o0

29 whitson



Decline Curve Analysis (DCA)

Forecast Type
Primary . RATEVSCUM DATES LOGX | LOGY P @ @8 E RATEVS CUM DATES LOGX |LOGY PE e B H A
] Exponential (b=0) 10°
) = o
0% % Harmonic (b=1)
54 = ) .
a(t) = @i(1 + ait)
%l N(o0) = 0
2
510 E
K | =
B 5
i - !
= r
S 10 s
24
5+ 1_
24 59
1= b - O 2 b — 1
5 ; . , . i ' ! ! 107 . : . . . . . ; !
50 100 150 200 250 300 350 00 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time (days) Time (days)
RATEVS CUM DATES LOGX  LOGY @A s LB E D RATEVSCUM DATES LOGX [EECH i@me B HE
10°
5 Hyperbolic (0<b<1) Beyond Hyperbolic (b>1)
T a(t) = (1 +ba;t) 1" alt) = (1 + bagt)
2] %
10 N() =00
54 —
3 £
2 104 =
2
E Eh = 2
3 g
° O 10% 4
£
11 £
4]
1 b=0.77 1 b=1.8
2 T " 24 = .
107 . . . ‘ . . y x y 10 ‘ - T : r . . . .
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time (days) Time (days)
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DCA: Fetkovich

Mike Fetkovich

Tied DCA to reservoir/physical parameters
Inherent assumption that p,; IS constant
b ~ Recovery Efficiency

low b = low recovery efficiency
high b = high recovery efficiency

Boundary Dominated Flow

b = 0 Single-phase oil, or gas at high pressure
b = 0.1-0.4 solution gas drive

b = 0.4-0.5 single-phase gas flow

b = 0.5-1: layered reservoirs

Infinite Acting / Transitional
b >= 1. infinite acting, or transitional flow

31 whitson



Segment Type: Decline (Arps)

Decline
Linear
Constant

E Semi-log

o

=

2 Power Law

-1}

®

o

o

7=
1 0_1 T T T | | T
500 1000 1500 2000 2500 3000
Time (days)

32
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Segment Type: Linear

10°
o .
5 Decline
2+ fo Linear
o o
2
1D - DD%
o Constant
5 O L o
E Q.‘.'Dm 0000 o
X, 0,0 ®© o Semi-lo
E 29 GD dj:bo g
ul_-_:- 10 1 ° o 0OnO © oo o O
@ o o o (s 8] Power Law
® 5 - 2P o © O% *o % © P GD
o 0o 0o o o Cooo
— (8]
o) o o ® o
24 o o
1
5-
y=mx+b
? -
10_1 T T T T T T T
0 500 1000 1500 2000 2500 3000
Time (days)
33 whitson



Oil Rate (STB/day)

Segment Type: Constant

10°
o Decline
5_
74 Linear
o oo
102{  “oq °
0%, Constant
5
P o)
Q;Dmoc .;.Oﬂoﬂm °o_ Semi-log
21 o o
© o Power Law
10- o o O Q o0 O o
© Oy Tale—a Xy
51 o 00 ° 5 o © com”
o° o oo

2- u o

1-

5 y — ‘ :

-
D_1 T T T T T T

0 500 1000 1500 2000 2500 3000
Time (days)
34 whitson




Segment Type: Semi-Log

0il Rate {STB/day)
=

Decline

Linear

Constant

Semi-log

Power Law

1500
Time (days)

35
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Segment Type: Power Law

10° .
0 Decline
5-
Linear
Constant
z
2 Semi-log
o
=
(2
% Power Law
22
o
7=
107" . . . . .
1000 2000 3000 4000 5000
Time (days)

36
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DCA: Segment Types & Straight Lines

Linear

® o oo °
asp 0,0 °°U%“"o“vuu°m Eom

Semi-Log Log-Log

10

s
03 8
s R
: oo
10?

5 o ©

J

10

s

1

50 100 150 200 250 300 350 El

Linear?
Straight line on a
Cartesian plot.

y=mx+ b

450

Exponential? Power-law? Arps?
Straight line on a Straight line on a
semi-log plot. log-log plot.

=

gt = ¢; (1 +bD;t)
y = Ce™

1

q: ~ q; (bD;t) *

37 whitson



DCA: Decline Rate Type

Secant Effective

Tangent Effective

SAVE CASE d,‘i'

Decline Rate Type

Secant Effective

Tangent Effective

Mominal

Segment Type
Decline

Initial Flow Rate, q

179.93 STB/day g
Initial Secant Effective Decline Rate, daac
74958 %y of

SAVE CASE 19

[ecline Rate Type

Secant Effective
Tangent Effective

Mominal

Segment Type
Decline

Initial Flow Rate, g

17993 STB/day g’

Initial Tangant Effective Decline Rate, duan_

04 987 %Y o

dsec = 100(1 — (a;b+1)71%)

Default in whitson*

dyun = 100(1 — e™%)

38

q(t) = q¢: (1 + bait)_l/b

Nominal

r

Decline Rate Type

Secant Effective

Tangent Effective

I Nominal

Segment Type
Decline

Initial Flow Rate, g

17993 STB/day g
Initial Mominal Decline Rate, a
2.993 o

whitson




DCA: Limiting Decline Rate

Forecast Type »
Primary + RATEVSCUM DATES LOGX LOGY i @ 4 m B
2
10°
5.
e
107
.
7 -
5 .
o - a _— . .
= 1[:_ - 2.4 Limited / Modified Decline
&
5 21 ® o The limited decline rate begins when the hyperbolic decline curve transitions into an exponential
5 15 decline curve at a specified limiting effective decline rate, dj;;,. The limiting effective decline rate
is converted to a limiting nominal decline rate, ay;;,,, and the following equations are applied: -
2=
_1 d
10 ;] When dyar, > djipn.:
2 q(t) = @i (1 + bagt) ™ (14)
1074 :
zlk 4lk Elk when digy <= diirn:
q(t} = qﬁme_q!m{t_tim} (15)
where
di 1/b
Qlim = i — (16)
Qlim
% b
by = dbm 17
lim bl‘l{ ( )

39 whitson
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Ratio Forecasting: Power-Law

Given Arps Hyperbolic functions for oil rate and gas rate, we take the late-time asymptotic form where
D;bt > 1 and simplify to a PowerLaw function.

QE,O (Di,obi,o)_m

_1
o = qi,[](l + Di.obi,ot) bio —

_1
Ay = i g(1+ Dy gb; yt) Pis

We can then compute GOR as the ratio of the two simplified functions:

=
o]
=
5
[o1=]
—
=
4]
=
=
=3
™
o
o
=
1]
=
-
()
=
v
=}
=]
®
=
|
|
|

. . a .
Finally, a, and ag are constants, so define ¢ = -2, Definem = N, — Ng:

Qg
GOR = ct™

We note that this implies:

1 1
m T eee— —— —
bi,o bi,g

41
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Ratio Forecasting: Power-Law

Forecast Type
KA :
GOR +~ DATES LOGX |LOGY B $ 8 F 22 ¢
5+ Segment Type
5 Power Law -
.1 03 _ GORpia GORfina
5 9776.79 scf/STB ﬁ‘ 168070 scf/STB
7 Power Law Exponent, m
0.507 o
107
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2 LI S A C R )
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©
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Auto-Forecast



Auto-Forecast: Outline

1. Initialize
2. Autofit, Review & Save
3. Roll-up

- whitson



Auto-Forecast: Overview

Provide a complementary set
of tools and insights that can
not be achieved by looking at
production history alone.

- - | Used to e.g.

« Characterize uncertainty

 Validate manual forecasts

« Starting point for manual
forecasts

« Complete type well datasets
with a variable prod history
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Auto-forecast: Workflow

Initialize

Autofit

Roll-up

Set up your workflow by
defining parameters and

forecast settings.

Autofit data, review
results, save, and export

to multiple formats.

46

Primarily used for data
guality checks with visual

analysis.
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© N O O ~ W DR

Type Well: Outline

Why are Type Wells Important?

Type Wells vs Type Curves

Normalization

Condensing Time

Survivor Bias

Truncation Using Sample Size Cut-ff

Forecast the Average vs Average the Forecasts

Representing Uncertainty

48
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Why are Type Wells Important?

Inform production forecasts or economic evaluations
Scope out plays

Build understanding of production-influencing factors
(e.g. completion parameters, subsurface parameters)

Reduce risk / uncertainty

Justify and support multi-million dollar decisions

49
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Clarification: Type Well vs Type Curve

* “Type Wells” are often referred to as “Type Curves”.

« “Type Curves” refer to idealized production plots (based on
equations and/or numerical simulation) to which actual production
results are compared.

« “Type Wells” are based on actual well production data and
represent a typicallll production profile for a collection of wells for
a specified duration.

[ The arithmetic average of a group of wells are commonly applied to estimate a type well. That said, experts (e.qg.
David Fulford) would argue that P50 is a better choice.
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Clarification: Type Curve vs Type Well

Type Curve Type Well
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Type Well Averaging: Geometric, Arithmetic, P507?

* The arithmetic mean is highly
biased by outliers and is not

reliable to use as a basis for a
o o ~esemncxoz  type well profile nor (by itself)
S as a diagnostic.
» The geometric mean is less
71| TR biased by outliers, but
i susceptible to skewness in low
% Tevees Geometric Mean ====w Arithmetic Mean Pa0 Values'
| | '» The P50 (recommended)

: l
: presents the least biased :
I representation as it is wholly |
' unaffected by values, only |
1 ordering. ,

Source: David Fulford
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Oil Rate for 10000 ft Lateral Length (STB/day)

10°

=)
£l

0il Rate for 10000 ft Lateral Length (STB/day)

Type Well: Charts

Rate vs Time
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Type Well: Probit

Probit P60 . - IR W 3 It * Represent the statistical
e ] -~ distribution of something (e.qg.
P10 H EUR, IP60, physical parameter)
P20 j at a point in time.
P30+
gpdﬂ' « The shape can help to
8701 determine if the results trend
o 4
"o towards a lognormal
P70 - - .
Probit Mean(308.41) P10/P90(760.25) distribution.
P80 Equation: y = 27.77log10(x) + -110.99
P90 - . ¢ P1: 914061 “ : o -
P95 P10: 4333.79 « A “probit best fit” regression can
: s j : : IEP50: 157.18 i et i i
2 10, 60ror 10000 1 1102 DOSEEN yield statistical insights

P99: 2.70 Including a measure of

2. . .
idad uncertainty (e.g. P10/P90 ratio)
P10/P90: 760.25
Mean: 308.41
Swanson Mean: 1364.72
Standard Dev.: 220.1686
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Type Well: Normalization

Normalization restructures data to improve comparability

Time Normalization

« Alignment to a common date or event
« Example: first production date or peak rate date

Dimensional Normalization

« Scaling production values relative to a well design parameter
« Example: production/lateral length

Advanced Normalization

 E.g. non-linear scaling of laterals
 Example: a 10,000 ft lateral is 1.8x better than a 5,000 ft
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Type Well: Normalization

First Production Peak Rate
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Type Well: Normalization

Time Align on First Production

Strength: on larger well sets, communicates the production
profile considering time to peak.

Weakness: may not accurately reflect production decline
behavior.

Time Align on Peak Rate Date

Strength: more accurately reflects production behavior.

Weakness: excludes ramp up time which might have a small
Impact on EUR but is important to first year revenue
projection.
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Type Well: Normalization

Dimensional normalization puts wells into a meaningful comparative context.

Not-Normalized Normalized

All: 96 Excluded: 35 Invalid: 11 Rep: 50
All: 96 Excluded: 35 Invalid: 11 Rep: 50
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Gas Rate for 10000 ft Lateral Length (Mscf/day)

Type Well: Condensing Time

Flowing time only includes producing time steps

Normalized Time Normalized Flowing Time

a

Gas Rate for 10000 ft Lateral Length (Mscf/day)
e Dy

-
o

n

a

—-

50 60

(=]
=

20 30 40 50 60 20 .30 40
Normalized Time (months) Normalized Flowing Time (by stream) (months)

Beware of flush production spikes when removing zero production time steps
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Gas Rate for 10000 ft Lateral Length (Mscf/day)
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Type Well: Survivor Bias

Include only producing wells in averaging calculation (3 [] Include only producing wells in averaging calculation @
— \yerage P10 memss P5( PY0 /el Count — Average P10 sssss P5( PO e \\ell Count
30k F16 30k 16
F14 14
25k > 25k
3 3
-4 F12 2 L12
S 201 B 20k
g L10 4 = 10 o
3 15k 2 = 15k L2
: tE s B
= 10 5 £ 10k 6
2 5 4
e | 4 ® &
L2 M2
0 0

20 50 60

(=]
= 4

20 50 60

(=]
=

30 40 30 40
Normalized Time (months) Normalized Time (months)

Applying survivor bias controls will include zeros in the average for
wells after they are identified as depleted (e.g. no production in last
12 months).
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Type Well: Truncation using Cut-offs
Sample sets with a range of production history will
have a late time portion biased by the older wells.

“Sample size cut-off’: when producing wells
contributing to average drops below as specific
percentage.

Common value are: 50% or greater.

Common to select wells by vintage to ensure
contributing wells have a similar amount of production
history.
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Type Well: Truncatlon using Cut-offs
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Forecast the Average vs. Average the Forecasts
Forecast the Average

* Apply a decline to the truncated type well to obtain a
full life profile of EUR

* Time effective, but does not provide distribution of
EURS

Average the Forecasts

* Time consuming without auto forecast option

 Useful for statistical evaluation and P10/P90
guantification of EUR
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Forecast the Average vs. Average the Forecasts

Forecasts the Average Average the Forecasts

|—A\.'erage P10 wesss P5Q :;.:|

|—Average P10 swesw= P50 P90 —MLC|

- Appended DCA
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Oil Rate for 10000 ft Lateral Length {STB/day)

Type Well: Percentile Trendlines

— Ayerage == w= Pl sesew P50 == == P90

" Percentile Trendlines communicate
‘ the range of values used to calculate
. |the average of each month.

80% of the values of any period
fall between these lines.

_____
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-
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Release Preview: Partial Fit of Data

Settings RESET CONTINUE »
Aurofit Type Decline Rate Type
Modified Arps «  Secant Effective - O Use custom settings for 0 Use default value whe_n @)
primary and secondary plot b-factor bounds are hit

Bounds [] Usedifferent bounds for each strea Fit partial data RESET
Default Range
Peak Rate Prod. Ratio & Peak Rate Prod. Ratio (7)
1

d-‘ 0.4 ® ® 1.2
Secant Effective Dacline Rate, deec Secant Effective Decline Rate, d,..
50 wyd g * ® 99,99
Rate Exponent, b Rate Exponent, b
! d o e ® 2
Partial Fit

Partial Fit Type
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— Date Range
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Partial Fit Date Range (B
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RESET
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Auto-Forecast: Ratio-Forecast

Initialize
Bounds & Total Production

o summary
Rolbup

RESET CONTINUE >

Decline Rate Type
- Secant Effective - O

Use custom settings for 0 Use default value when
primary and secondary plot b-factor bounds are hit

Bounds Use different bounds for each stream Fit partial data

Farecast Type Autofit Type Farecast Type Autofit Type Forecast Type Autofit Type

il Primary ~ Modified Arps - RESET Gas gop ~ Power Law - Water Primary ~ Modified Arps - RESET
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1 -7 1 ; !

- 0.4 *r—— 12 0.4 1.2 0.4 *—— 1.2
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50 d o, e ® 99.99 0 0 99.99 0 wd o e ® 9099

Rate Exponent, b Rate Exponent, b onent, Rate Exponent, b Rate Exponent, b Rate Exponent, b

1T d 2 e ) e 0 2 1 d o e e

Partial Fit Partial Fit -

Partial Fit Type y Days @ Partial Fit Type Partial Fit Range (D

Range - 0 % e——@ 46 % Last Days - days Range - 56 % *———@ 100 %
Forecast RESET
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DCA & Type Well: Month Toggle Optlon

Fiald Project Well Scenarios
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Comparison Plot: Append DCA

Field Project Plot
— a + 5
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Type Well & Comp Plot: Append Mix

Copyright © Whitson AS

DCA Forecast to Apply
None APPLY FORECASTTO ALL (3)

HALEY 9-13-9 1H {Main)

HALEY 9-13-9 1H (my scenaria) Current Case

HALEY 9-13-9 4H (Main)

gas case
HALEY 9-13-9 5H (Main)
oil case

HALEY 9-13-9 6H (Main)
HALEY 9-13-9 7H (Main)
HALEY 9-13-9 2H {Main}
HALEY 9-13-9 3H (Main)
HALEY 9-13-2 8H {Main)
LEMKE 25-13N-9W 4H (Main)
LEMKE 25-13N-9W 6H (Main)

LEMKE 25-13N-9W 3H (Main)
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Arps Physical Significance

Appendix B: Providing Physical Significance to DCA Parameters

DCA parameters, i.e., q;, D; and b, represent underlying, physical parameters. To convince ourselves that
this 1s the case, a single-phase oil well, producing at a constant bottomhole pressure i1s analyzed. The well
1s an 1dealized multi-fractured horizontal well (MFHW), as exemplified in Fig. 1, with negligible
production beyond the fracture tips. Linear flow is perpendicular to the fractures. For such a model, there
will first be a period of infinite acting flow (IAF). The duration of this period depends on parameters such
as permeability and distance to the closest offset fracture. Boundary-dominated flow (BDF) occurs after
pressure at the no-flow boundary between fractures declines to less than the initial reservoir pressure. For
such a case, the generalized Arps equation Eq. B1 can be tied to the analytical solutions for both infinite
acting and boundary dominated flow periods as presented in Eqs. B2-B8.

1
GUE) = Gi(L A DD ) b, et i e e e e (B1)
hapvie [per _ LFPJo (e
I N P N ey <0 (B2)
i shxpk Di-Dwy LEPVE Di-Pw; e a s aaeaeaeesaaresasreesasiatneentieiensaans
= . ty; =0
141.2B, u,my, 141.2B, pomy, elf
-, t<tos
D;(t) = 2 0.00633k fot b et e (B3)
4 yipcruo’ = el
2, t <ty
b(t) = {0‘ Lo (B4)
— yez.uvqjct (BS)

elf = p.159k ’
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Decline Curve Analysis (DCA)

Decline Rate Producing Rate, q Elapsed Time, t Cum. Production, ()¢
Exponential a; = ln(g—z)/t gie %t ln(z—i)/ai %
Hyperbolic G— (Lyb (1 + ba;t)" 1/ (2:/2)"—1 a _ @ 1-b
yp az ( a: ) qﬂ( + ? ) T (L,,(l—b) (1 g; )
' 4 _ % : )1 (¢i—a:) % 1 ( 2
Harmonic =2 qi (1 + a;t) aiq; B In( 2 )

More info: https://manual.whitson.com/modules/well-performance/decline-curve-analysis/
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Type Well: Analogue Selection

Analogue wells should have a similarity on which a reasonable
comparison may be made and represent the range of possible
outcomes (i.e. don't just select the best wells).

Selecting wells with similar characteristics may reduce the range
of uncertainty.

Common criteria:
Geology
Reservoir
Well Design
Well Density

Operational Design
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Type Well: Survivor Bias

* In WWII, Abraham Wald, a math
expert, looked at how to protect
bombers from enemy fire.

* He and his team at Columbia
University studied damage on
returning planes.

« They suggested adding armor where
planes had less damage due to
survivorship bias.

« Wald advised reinforcing untouched
areas, thinking those were at higher
risk.
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Rate, BPD

Type Well Averaging Diagnostic

« David Fulford has proposed a

’ _ —w= [®  new diagnostic.
Easily influenced by - ';g:)’““e“C -l . . . .
— ° « The deviation of the arithmetic
~ and geometric means from the
: ¢ P50 indicates data stability

r"v‘\v'lﬁ ;
| f '; '.
nn

M it (41 '

More robust, but may
trend low

ISsues.

| |
/ [} |
B
o

N
S
[ J

Stable periods of history

David Fulford

1000 500 1000 ‘ 1500 - 2‘0IO;) I 2‘500' 3000 3500 4008 ShOUId be relied upon more
than unstable periods of
history.
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Type Well Averaging Diagnostic

All: 20 Excluded: 0 Invalid: 0 Rep: 20
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Type Well: Percentile Trendlines

— Ayerage == w= Pl sesew P50 == == P90

AN P10 value for each period.

\ | PS! This is NOT the P10 type well.

Oil Rate for 10000 ft Lateral Length {STB/day)

0 ) 10 15 20 25 30 35 40
Normalized Time (months)
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Type Well: Percentile Trendlines

‘—A\:erage - o P weenn P5() == - pgD‘

Representing uncertainty
jo| USECUMULATIVES —  ___..---- with percentile trendlines
S can also be done in

80% of the values of any cumulative space.

period fall between these lines.

cf)

Combined with auto-
forecasts, percentile
trendlines can provide a
visual projection of the
omatize! ine o) o o range of EUR outcomes.

--------------------
------------------------
s
................
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a
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Cumulative Gas Production for 10000 ft Lateral Length (M

83 whitson



DCA: Want to Learn More?

HNdePld 0P - [ZHZ2-0-D2ul - OUK]
B/ AEEEEEEN EOEN 0w
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Ny i 1 7 | ) T 5 1 T P
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Intro to Decline Curve Analysis

Whitson Academy : o . .
W 513K subscribers iy 152 P #> Share  gJ- Promote ¥ Download Kclip

https://www.youtube.com/watch?v=XF9IZI2DUuQ&list=PL gk
tb39S1tGcAar8zYnmNC9 aJNgdvCD
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Type Wells: Want to learn more?

SAGAR . . - =

b VI'“DOP\/ IN ENERGY
ke o

Use Charts to Inf

Distribution of days to peak (30 day bins)

orm (e.g. ramp up time)

Consider using charts like this to help you e i
further inform your type-well curve decisions 1 .’.

and/or analogue selections. /
P50 = 4 months to poak 7
! , : ’,,9/ [Mean = 5 months to peak |
4 Y *
§
o

[ Always keep wells that exhibit behavior that
’ P | g?ym h_.qu&n_(i.e. try to minimize your
| biases in the statistical representation).

|
==t e -
100000

https://sagawisdom.com/
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