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1 Welcome to Profile

1.1 Introduction

M =" )= Profile [Field Test version2 ppd] (=[E] = J
Al o =
—r Home @ € About
Profile Type Field Profile ~ ~ () Screen capture
|Report Fortt | Tahoma Mkl " |Stle Blue M | © scheduler A% Exporents gl GOR 3] RF|
Frequency | Annual - A< PDF Report
- i || %2 Resutt Boxes Colour ~ || 38 Global Qa/0i ratio | | Decimals 2 : ] Excel Report | & Analyse & wisll PI < PVT §| VLPAPR |
Profile Setup Global Settings Output Other Tools
{ Field Details | Main Results
Field Name / D Test for Field Ol Production
ield Name / Description | Buildup Production IH—GDDD
y yoe? |00l i Jan 2010 -
Hydrocarbon Type i =] Month of First production  Jan [ Slatea offtake e e
Fiedaree [0 [[uet [ Year of final Plateau 2015
Field Schedule | Associated Production | Injectors / Gasiit | Facilties Constraints | T ables / Charts Production to end of Flateau 845850
Field Production | wWell Production | Charts| Prod'n to end of Plateau [%] 37.98% |
Decline duration [Years] 2600
== 0il Production [msthld] —— Well Fotential — Cumulative i TR T 20
Total Production [mmstb] [ 258.7202 |
80 300 .
Abandonment rate [msth/d] 27465
250 o Acres/Production well 82368
0 |
3 No. of Production Wells )
3 200 2 No. of njection Wells aw
& 3
% g ReservesiProduction well 432867
g 150 3 1
5 :l Mo. of Workovers 27P 101
E
2 & Reservesi(Prod’s #1i0's) 78703
= 100 %
3 — {Faciliies Constraints Chedks | ———
=
o= ot sepereion | RN
. viser Frosucin | RSN
Select Chartto Display |0l Production Rate =]
A
‘ T ‘ £ yMain Results

ik

Profile is an easy to use application intended for Petroleum Resenwir Engineers to :
= Quickly prepare and analyse primary and associated production profiles.

= Compare to analogue fields for well spacing, recovery/well, plateau offtake rates,
decline rates,

= Quicklook sizing for facilities throughput capacity for all production and injection
streams.

The assumptions behind Profile are based on the various phases of production life of an oil or gas field,
ie,. a buildup period, a plateau period and a decline period.

Two different approaches for generating primary hydrocarbon phase production profiles are provided
within this application.

Either :
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e The ability to generate a field production profile by defining the field production buildup, plateau and
decline rates and recowerable reserves. The application solves for the required number of
development wells; producers and injectors, that fit with the timing of the field production profile, or

e The ability to generate a field production profile by specifying different well types and the schedule
for drilling these wells. This approach permits the modelling of different well recoweries and
workovers, etc. The field profile is simply the sum of all the wells specified in the well schedule

The ability to quickly model associated hydrocarbon phases (either gas for an oilfield or condensate for a
gas field), and water production for an oilfield is provided, together with the ability to quickly model water
injection, gas injection, requirements for gas fuel and flare and schedule workowers.

License.dat File
The "License.dat" file is located in the Application Startup folder (eg C:\Program Files\Petroleum
Solutions\Profile\)

The contents of this ASCII license file needs to contain the following license information.

[License Settings]
LicensedTO =
Company =
ProductID =
LicenselD =

If any of the abowe License key information is incorrect or absent, or if the License.dat file is missing
then the application will fail to startup.

NET Framework
This application requires the presence or installation of Microsoft .Net Framework version 2.

.NET Framework version 2 is a component of the Microsoft Windows® operating system used to build
and run Windows-based applications.

Should .NET Framework version 2 not be installed on the destination PC then a link is provided below to
download this system software. The user should download and install .NET Framework version 2 before
attempting to install this application.

%7 http://www.petroleumsolutions.co.uk/downloads.html
The installation of .Net Framework also requires a minimum software and hardware requirement. Details

of which are shown below. Specifically, note that you cannot install the .NET Framework on a computer
running the Microsoft Windows 95 operating system.

Minimum requirements
To install .NET Framework [Dotnetfx.exe], you must have one of the following operating systems, with
Microsoft Internet Explorer 5.01 or later installed on your computer:

e Microsoft® Windows® 98
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Welcome to Profile 9

® Microsoft® Windows® 98 Second Edition

e Microsoft® Windows® Millennium Edition (Windows Me)

®  Microsoft® Windows NT® 4 (Workstation or Server) with Senice Pack 6a

e Microsoft® Windows® 2000 (Professional, Server, or Advanced Server) with the latest Windows
senice pack and critical updates available from the Microsoft Security Web site (www.microsoft.
com/security).

®  Microsoft® Windows® XP (Home or Professional)

Recommended hardware
CPU Recommended RAM Recommended

Pentium 90 MHz or faster 96 MB or higher

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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2.1

Field Schedule

Defining Field Input

The user can choose between working with a Field Profile approach or a Well Profile approach by
choosing the dropdown box in the main toolbar menu, as shown below.

( \ RE=A" ) = Profile [Field Test version2.ppd] E@&J
\ l!l/ — 1@ & About
AL C |Report Font  Tahoma -9 - | |Style Blue (NS | © Scheduler A8 Exporerts il GOR |7 RF|
Frequency | Field Profile }- PDF Report
Uit |£ Resutt Baxes Colour || 328 Global Ga/Gi ratio | | Decimals 2 : 2] Excel Repott | # Analyse 5B Well PI 0 FVT 3] VLPAPR|
Profile Setup Global Settings Cutput Cther Tools

Once the Field Profile approach is chosen the application main tab bar should change to the following.

WOEHR )= Prafile = E
r =
— | Home & %) Pbout
Profile Type Field Profile - L1 Screen
== |Report Fort Tahoma -9 - |Style Blue - S | © Scheduler &' Exponerts il GOR |2 RF|
Frequency  Annual ® }- -
Urits Oifield _ | % Result Baxes Colour ~ || 5% Global G2/ ratio | | Decimals 2 : = | #; Analyse S well PI @ PVT §[] VLPAPR |
Profile Setup Global Settings Qutput Cther Tools
{ Field Details | Main Results
Field Name / Description | ) |
Buildup Preduction
1y vpe? |0OI - Jan 2010 v
Hydrocarbon Type? Il Month of First preduction  Jan @ Plateau offtake rate
ARG l:l bk . Year of final Plateau
Field Schedue | Associated Production || Injectars / Gaslift | Facilities Constraints | Tables / Charts Production to end of Plateau

Prod'n to end of Plateau [%]
RecoversbleQilfmmste] | | Swing Factor Decline duration[Years] [ |

Buildup to Plateau [in Mstb/d] Plateau duration [years] ‘ ‘ | | Total Field Life [Years]
ear 2010 o Decline Rate [fraction] I:I 'n’ Factor Total Production [mmstb]
Year 2001 .

Year 2012 Decline Type | Exponential - I:l Abandonment rate [mstbid]
Abandonment, Qa/Qi | 0.025
Year 2014 Acres/Production well

‘rear 2013
Year 2015 Back Solve Decline Rat
Year 2016 2t welve JeRinE e No. of Production \Wells

|

Under the same main toolbar menu, the user can also select between Oilfield Units and Metric Units,
which determines the units preference applied throughout all the panels and forms within the application.

Again under the same main toolbar menu, the user can also choose between Annual or Semi-Annual
or Monthly periods for reporting purposes. All internal calculations are done on a monthly basis and
reported in Annual, Semi-Annual or Monthly periods.

Once the user selects the Field Profile approach and selects the Field Schedule button in the main
toolbar the following Main Panel should become visible.
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Field 5 chedue)| &zsociated Production | Injectors # Gazlift | Facilities Constraintz | Tables # Charts

Recoverable Oil [mmsth] l:l Swing Factor

Buildup to Plateau [in Mstbid]

Plateau duration [years] | | | |

ear 2010 it Decline Rate [fraction] l:l n' Factor
Year 2011 L |

“Year 2012 K DeclineType  |Exponertial |~ |:|
ftzen &Ll Abandonment, Qa/Qi  |0.025

Year 2014

Year 2015 Back Salve Decline R ate
Year 2016

Tear 2017 ¥| Calculate required number of Production \wells 7

Year 2018

“Year 2019 Well Details

Year 2020

Year 2021 ¥| Use field decline rate ?

Year 2022 ) ;

“ear 2023 First Year Final Year
Year 2024 Viell Qifmsthid] | ||

Year 2025 o

Vear 2026 Years at Qi for well I:I

Year 2027 Decline Rate [fraction] I:I

ear 2028 )

Year 2079 &7 Abandonment, Qa/Qi  (0.025

The User should attempt to type in as much data as possible.
A Fieldname / Description [OPTIONAL] is only used for reporting purposes.

The Hydocarbon Type [REQUIRED] determines the primary & secondary hydrocarbon phases, and also
determines the applicability of water production and water injection.

First Month of production [REQUIRED] is the month in which first oil or gas production is achieved. Once
a month has been input and validated for errors the labels will change to reflect the actual years or
months in the Buildup to plateau panel. See below.

The Field Area [OPTIONAL] is used to determine the Area / Production Well calculated and displayed in
the Main Results Panel located on the right of the main application screen.

Recowerable Oil (or Gas) [REQUIRED] is the target ultimate recowvery for the field or prospect being
analysed.
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Buildup to Plateau [in Mstbid]

Year 2010 -
Year 2011
Year 2012
Year 2013
Year 2014
Year 2015
Year 2016
Year 2017
Year 2018
Year 2013
Year 2020
ear 2021
Year 2022
Year 2023
Year 2024
Year 2025
Year 2026
Year 2027
Year 2028
“rar 229

m

Buildup to Plateau [REQUIRED] is the primary hydrocarbon phase production rates building up to a final
rate, which is assumed to be the plateau production rate.

Plateau duration [REQUIRED] is simply the number of years that the field remains on it's plateau
production.

Swing Factor [OPTIONAL] is a well deliverability check provided for gas fields that operate on a summer/
winter swing basis. ie if a number of 1.25 is entered, then the application will check that the well
deliverability can achieve 1.25 x the field production levels, otherwise the application will add additional
wells to ensure that this deliverability can be met.

Decline Type [REQUIRED]. The user is given the option of either exponential or hyperbolic decline type

The exponential decline curve, or constant rate decline [since the decline rate does not change with
time], equation is shown below.

—at

g=qge

Where,

® (= Production rate at time =t

e (i = Initial production rate

e a = Constant decline rate fraction, between 0 and 1
e t =time, typically measured in months or years.

The hyperbolic decline cune equation is shown below.

q=q,(1+ nait)'”"

Where,
e n = additional constant decline exponent, between 0 and 1

Special cases for the hyperbolic decline equation occur at n=0 [exponential decline] and n=1 [harmonic

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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decline].

The following text is taken from "Petroleum Engineering Handbook" published by the Society of
Petroleum Engineers, page 40-26.

"An analysis of a large number of actual production-decline curnes assembled by Cutler indicates that
most decline curves normally encountered are of the hyperbolic type, with values for the exponent n
between 0 and 0.7, while the majority fall between 0 and 0.4."

Decline Rate [REQUIRED] is the constant decline rate fraction, between 0 and 1, in the exponential [a]
or hyperbolic [ai] decline equation.

'n' Factor [REQUIRED if decline type = Hyperbolic] is the additional constant decline exponent, between
0 and 1, in the hyperbolic decline equation.

A simple tool is provided via the main menu item Tools\Backcalculate Decline Exponents' to quickly
calculate values for decline rate parameters 'a’' and 'n'. See help topic Backcalculate Decline Exponents.

Abandonment, Qa/Qi [REQUIRED] determines the year of field abandonment and is simply defined as
the ratio of the final rate divided by the initial rate. Typical values are 0.1 or 0.05.

The Abandonment, Qa/Qi value is required in several places across the application, therefore the user
can choose to select to change the global value by selecting the relevant inputbox, accessed via the
menu option Options/Set Global Qa/Qi, shown below.

DEHR )= Profile

Home

Profile Type Field Profile -

Report Fort Tahoma - |9 - |Style Blus -
Frequency  Annual -
Units Oificld . 2 Result Boxes Colour = | | 328 Global Qa/Gi E&‘o Decimals 2 =
Profile Setup Global Settings

Set Global Qa/Gi

Back Solve Decline Rate button

Assuming the user has entered sufficient buildup rates, plateau duration and the target ultimate
recovery, then the user can press the Back Solve Decline Rate button to quickly back calculate the
appropriate decline rate to equal the target ultimate recovery.

Well Details panel
nfell Details

V| Use field decline rate ?
First Year Final Year
Well Qi [mstb/d]
“Years at Qi for well

Abandonment, Qa/Qi  (0.025

The above panel determines how to calculate the number of production wells required to meet the field
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production profile, assuming these have already been defined by the buildup, plateau and decline
periods.

The user is provided with a simple method for modelling the potential for degrading well recoveries versus
field life by entering different well rates for the first year and the final year. A simple linear interpolation is
done between the first and final year well rates to determine an specific years well rate.

The user can also choose to un-check the Use field decline rate ? check box and enter a more or less
aggressive well decline rate in comparison to the field decline rate.

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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3.1

Well Schedule
Defining Wells

The user can choose between working with a Field Profile approach or a Well Profile approach by
choosing the dropdown box in the main toolbar menu, as shown below.

REELEDE Profile =)
LY —
~— | Home g/ %) About
: =
Profile Type = Ll Sereen capture
® |Report Font Tahema -9 - |style Bue - P || [ Scheduer AE Bxponerts b GOR [ RF|

Frequency | Field Profile g
s Well Profile: N |27 Result Boxes Colour = || 5% Global =/Ci ratio | | Decimals 2 : = | #; Analyse S well PI @ PVT §[] VLPAPR |

Output Cther Tools

Profile Setup Global Settings

Once the Well Profile approach is chosen the application main tab bar should change to the following.

'\j‘jH.: Profile =SSN X
ALY G e
" | Home @) &) About
Profile Type Wel Profile L Sereen capture
LM |Report Fort Tahoma -9 - |Style Blue - = | © Scheduler &' Exponerts il GOR |2 RF|
Frequency  Annual @ 7'-..-
Urits Oifield _ | % Result Baxes Colour ~ || 5% Global G2/ ratio | | Decimals 2 : = | #; Analyse S well PI @ PVT §[] VLPAPR |
Profile Setup Global Settings Qutput Cther Tools
{ Field Details | Main Results
Field Name / Description | )
Buildup Preduction
o wpe? 0O - i i Jan 2010
Hydrocarbon Type 7 il Month of First preduction  Jan (kg Plateat offtske rate
FERE l:l ket z Year of final Plateau
Well 5 chedule | Associated Production | Injectars # Gashift| Facilities Constraints || Tables ¢ Charts Preduction to end of Plateau
Define Wels || Input 'Well Schedule Prod'n to end of Plateau [%]
el i ‘Years at (i 1 Decling o Abandonment Cum Prod. el ~ Decline duration [Years]
Well Name [mstbic] for wel Decine Type [Fraction] ey Da/li [mmett] [ve
Tetal Field Life [Years]
T Total Preduction [mmstb]
iB Abandonment rate [mstb/d]

Under the same main toolbar menu, the user can also select between Qilfield Units and Metric Units,
which determines the units preference applied throughout all the panels and forms within the application.

Again under the same main toolbar menu, the user can also choose between Annual or Semi-Annual
or Monthly periods for reporting purposes. All internal calculations are done on a monthly basis and

reported in Annual, Semi-Annual or Monthly periods.

Once the user selects the Well Profile approach and selects the Well Schedule button in the main
toolbar the following Main Panel should become visible.
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‘well 5 chedue | Azzociated Production | Injectors / Gaslift | Facilities Constraints | Tables # Charts
Drefine Wels | Input Well Schedule

well i “fears at Qi
Wel Nams [mstb/d] for wel

Decline " factar Abandornmert Curn.Prod. el ~

Decline Type [fraction] Qalli [mmstb] [''e

m

The User should attempt to type in as much data as possible.
A Fieldname / Description [OPTIONAL] is only used for reporting purposes.

The Hydocarbon Type [REQUIRED] determines the primary & secondary hydrocarbon phases, and also
determines the applicability of water production and water injection.

First Month of production [REQUIRED] is the month in which first oil or gas production is achieved. Once
a month has been input and validated for errors the labels will change to reflect the actual years or
months in the Buildup to plateau panel. See below.

The Field Area [OPTIONAL] is used to determine the Area / Production Well calculated and displayed in
the Main Results Panel located on the right of the main application screen.

Well Name [REQUIRED] is a text string intended to briefly describe the type of well to be modelled, eg.
Good, Medium, Poor, Long, Short, Horizontal, Vertical, etc.

Well Qi [REQUIRED] is the peak initial well rate
Years at Qi for well [REQUIRED] is the well plateau production period in years

Decline Type [REQUIRED] as with the Field Profile approach, the user is given the option of either
exponential or hyperbolic decline type.

The exponential decline curve, or constant rate decline [since the decline rate does not change with
time], equation is shown below.

—at

q=qge

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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Where,

® (= Production rate at time =t

e (i = Initial production rate

® a = Constant decline rate fraction, between 0 and 1
e t =time, typically measured in months or years.

The hyperbolic decline cune equation is shown below.

-1/n
q=¢q,(1+nat)
Where,
e n = additional constant decline exponent, between 0 and 1

Special cases for the hyperbolic decline equation occur at n=0 [exponential decline] and n=1 [harmonic
decline].

The following text is taken from "Petroleum Engineering Handbook" published by the Society of
Petroleum Engineers, page 40-26.

"An analysis of a large number of actual production-decline curnes assembled by Cutler indicates that
most decline curves normally encountered are of the hyperbolic type, with values for the exponent n
between 0 and 0.7, while the majority fall between 0 and 0.4."

Decline Rate [REQUIRED] is the constant decline rate fraction, between 0 and 1, in the exponential [a]
or hyperbolic [ai] decline equation.

'n' Factor [REQUIRED if decline type = Hyperbolic] is the additional constant decline exponent, between
0 and 1, in the hyperbolic decline equation.

A simple tool is provided via the main menu item Tools\Backcalculate Decline Exponents' to quickly
calculate values for decline rate parameters 'a' and 'n'. See help topic Backcalculate Decline Exponents.

Abandonment, Qa/Qi [REQUIRED] determines the year of field abandonment and is simply defined as
the ratio of the final rate divided by the initial rate. Typical values are 0.1 or 0.05.

The Abandonment, Qa/Qi value is required is several places across the application, therefore the user
can choose to select to change the global value by selecting the relevant inputbox, accessed via the
menu option Options/Set Global Qa/Qi, shown below.

JdE5HE |+ Profile

Home

Profile Type Field Profile -

Report Fort Tahoma =|[&) ~ |Style Blue -
Frequency |Annual -
Units Oifield - E Result Boxes Colour ~ || 578 Global Qa/Gi rﬁo Decimals 2 :
Profile Setup Global Settings

Set Global Ga/Gi
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Once all of the above required data has been input for an individual well, then the application will
automatically calculate the cumulative production and well life, as shown below.

D efine Wels || Input well Schedule

Welame WG YemsdQ pperpe P g et GmPed  wdl e

15 3 Exponential 0.25 1] 005 15,426 L

Mediumn 10 2 Exponential 0.3 i} 0.05 E.435 1
Paar 75 1 Exponential 0.35 i} 0.05 31597
Wery Poor 4 1 Exponential 0.45 i} 0.05 0.505

3.2 Defining Schedule

Once Define Wells has been complete then the user can select the second tab [Input Well Schedule] to
commence scheduling of the predefined wells.

Diefine wels | Input Wel Schedule

Enablzd Date el Marme W Lm,‘;ﬁ; et =
! El Good 3 2
M ediurn 41|l =
Jan-2007 Poar 5
Jan-2008 ey Poor [
Jan-2009 Medium 4 oz
Jane210 Good 2 3
@] 1
E _ 3
(] 2 104
[l E
O 5
Ol
[l
5 g
O
]
O .
I
] Jan 2007 Jan 2010 Jan 2013 Jan 2016 Jan 2019
[
E 1l Select\well To Display | Good -

Both the Date and Wellname input boxes are populated based on the data entered on the previous tab
Define Wells. The Date input boxes contain all the annual or semi-annual dates between the already
defined start year and end year.

Check boxes are provided to the left of the Date, Wellname and No.Wells input boxes to quickly enable/
disable the row input in the profile calculation.

The user can display the individual well production profiles they defined in the Define Wells tab by
selecting the drop down list box located at the bottom right hand corner of the Input Well Schedule tab
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4.1

Associated Production

Secondary Hydrocarbons

To select Associated Production simply press the Associated Production tab located on the main
application display, as shown below.

YOEHR): Profile [Field Test version2.ppd] SRIEE X
r il —
~— | Home @) &) About
fiicagy Fod Pofle | Report Fort Thoma -9 - /[Ste Bue <) O Semencaue || dier A Exponerts i GOR (8] RF
Frequency  Annual - }- PDF Report
55 Oificd |22 Result Boxes Colour ~ || 528 Global Gia/Qi ratio | | Decimals 2 > [ — | i Analyse = wiell PL @2 PVT ]| VLPAPR|
Profile Setup Global Settings Output Cther Tools
[ Field Details | Main Results
Field Name / Description | Test for Field Oil Production | ildun Producton ,W
Hydrocarbon Type 7 il i Month of First preduction  Jan 2010 @ Platesy offiske rate 203%
FERLE ket z Year of final Plateau 2015
Field Schedule |Associated Producton| Iriectors / Gasift | Facilties Constraints | Tables / Charts Production to end of Plateau 94.9550
Associated Gas Production | 4:sociated 'water Production Prod'n to end of Plateau [%] 37.98%
GOR v's Tme|| Gas Praduction +'s Time: Decline duration [Years] ,T
| Calculate Associated Hydrocarbon Production ? [ ] ol Dl | e mro = =

The user can choose to calculate an associated gas profile [ assuming the main hydrocarbon type is Oil
] via either the Simple Method or via a Material Balance Depletion gas/oil ratio (GOR) Method. If the main
hydrocarbon type is Gas/Gas Condensate then the user can only calculate a depletion condensate

profile via the Simple Method.

The following figure demonstrates the options and the required input.

Aszgociated G as Produchon|| Associated W ater Production

#| Calculate Associated Hydrocarbon Production 7

Associated Gas Production

® Usze Simple Method

Recoverable Oil [mmsth]
Recoverable Gas [bef]
Initial GOR [scfistb]
Final GOR [scfisth]

Fan

Curve Type=4  {=}

Use Material Balance Depletion GOR

Calculate Depletion GOR

GOR ¥'s Tme | Gas Production w's Time

Simple Method

2000
259.72 e
650
o
1978.5 2
. & 10001
P— ® g
a
500
0
01/01/2 01012 01/012 01012 010172 0110172
010 016 022 028 034 040
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Based entirely on a paper presented in the Oil and Gas Journal, 21-Feb-1994, entitled “Program predicts
realistic solution-gas-drive GOR" by Neal Teague.

The technique allows the user to select the relationship between the production of the secondary phase
in relation to the production of the primary phase by simply iterating with the Curve Numbers, the initial
and final gas/oil ratios (GOR) or condensate/gas ratios (CGR) and the secondary resenes.

Curve Numbers can exist between 1 and 10. A Curve Number of 1 assumes a constant GOR or CGR.

The user should iterate with all of these variables until a representative GOR or CGR relationship is
obtained for the prospect.

During this iteration process it may become apparent that the technique occasionally calculates
negative GOR or CGR \ersus primary production, wheras in reality this is impossible. In these cases,
the user should continue to iterate until a satisfactory relationship is obtained.

Material Balance Depletion GOR Method

The material balance depletion method is provided for oilfields to calculate the primary depletion gas
production and is entirely based on the technique outlined by Laurie Dake in "The Practice of Resenvoir
Engineering", published by Elsevier. [ Chapter 3.7 - Volumetric Depletion Fields ].

The calculation process is discussed in more detail in the following help topic Calculate Depletion GOR
Profile.

It is possible via the Material Balance Depletion GOR Method to calculate the required numbers and
curve shape for the Simple Method, an example is included below and is discussed in more detail in the
abowe help topic.

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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4.2

il Calculate Depletion GOR Profile ﬁ

20

Input Data Setup | Calculabons

GOR Caleulation ' Import Field Profile and Calculate |Eompale to Simple Method

| Recoverable Oil [MMstb] | 26972 | Initial GOR [scf/sth] | 650.00
| Recoverabls Gas [Bef] | 23053 | Final GOR [scf/stb] | 1978.50

| Curve Type |4 E &

GOR ¥'s Tme ' Gas Production «'s Time

2000.00+

1500.004

1000.00

GOR [scfistb]

500.00

0.00
01/01/2010  01/01/2016 01012022 01/01/2028 01/01/2034  01/01/2040

= M aterial Balance = Simple '

| (u] | | Cancel

Water Production

The user can choose to calculate an associated water production profile for both Oil fields and Gas /
Gas Condensate fields.

| lil" d= - \ 5 Profile [Field Test version2.ppd] E@g

i\

- Home i@ % Pbout

Profile Type Field Profile - 5! Screen capture

|Repot Fort Tzhoma Mt * |styte Bue - | © Scheduier AE Exponents il GOR (2] RF
Frequency  Annual - A= POF Report
= =
nits Ciffield |EP_7 Result Boxes Colour ~ ‘ ‘;’.E Global Ga/Qi ratio | ‘Decimals 2 = 2] Excel Repott H'Oc Analyse = well PI Q PVT 7"|J VLP!’\F‘Hl
Profile Setup Global Settings Cutput Cther Tools
{ Field Details | . | Main Results
Field Name / Description | Test for Field Oil Production
! # | Buildup Preduction 14.6000 |
y wvpe? O i i Jan 2010 A =
Hydrocarbon Type 7 |z| Month of First production  Jan @ Plsteau offiske rate B03%
FEllE EI kart Year of final Plateau 2015
| Field 5 chedule ||Assnciated Plu‘l.l:lirl"lnieclnrs 7 G aslift || Farilities Constraints || Tahles / Charts Preduction to end of Flateau 94.5550
| Associsted Gas Production | Associated Water Production | Prod'n to end of Plateau [%] 37| |
Decline duration [Years] 26.00 |
7 A ?
Calculate Associated Water Production 7 ‘ 104 » ) | Total Field Life [Years] ,T

To calculate a water production profile select the tab Associated Water Production located in the
Associated Production panels (as shown abowve). The following will be displayed.
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Azzociated Gas Production Associated Water Production

Y| Calculate Associa ?
lculate Associ 10-
Input \wiater Production Assumptions
® Predefined fw v's MpiN User defined fwv's Np/N
0.84
Predefined fw v's Np/N Moderate -
Final Recovery Factor [%]
=
Abandon't fw [%] =] 4
ndon [%] E 0.6
Early Curvature =0 (T\ W /.'!'.\' =
i il =
Late Curvature =0 (=) 0 @ :
5 0.4
: =
0 -
NpN [fraction]
0.00000
002993 0.00600 0.24
0.05987 n.omas
0.08980 0.03574
011973 0.05882
014967 0.08778 0.0
Import CSY 017960 012302 - 00 02 04 06 oz 1.0
Fractional Recovery (Mp/N)

The user has two options for calculating a water production profile for either a Qil field or a Gas / Gas
Condensate.

For Oil Fields the following can be input :

1. Use Predefined Watercut (fw) v's Recovery Factor (Np/N), where Np is the cumulative oil produced
and N is the stock tank oil originally in place or STOOIP, and
2. Use User defined fw v's Np/N.

For Gas or Gas Condensate Fields the following can be input :

1. Use Predefined Water Gas Ratio (WGR) v's Recovery Factor (Np/N), where Np is the cumulative gas
produced and N is the Gas initially in place or GIIP, and
2. Use User defined WGR v's Np/N.

Depending on the Field Type, and assuming the first option is selected, the user can select between
Fawourable, Moderate or Aggressive watercut development trends, from the Predefined fw (or WGR for
gas fields) vs Np/N dropdown box.

The ultimate field recovery factor and field abandonment watercut (or WGR for gas fields) level are also
required. The solution then simply looks up, for each calculation period, the production rate and current
recovery factor and applies the appropriate watercut/WGR for that period to calculate a water production
rate.

The user also has the ability to modify both the early and late curvature of the selected predefined
watercut/WGR dewvelopment trend by toggling the up/down arrows in the Customise Predefined group
box

Assuming the user wishes to use a specific watercut/WGR development trend then the user can select
the second option, Use User defined fw (or WGR) v's Np/N. The user should toggle on this option and
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either manually type in values of ascending order, of recovery and watercut/WGR, or choose to import a
comma delimited ASCII file, via the Import CSV button.

This file can be generated in Microsoft Excel and saved as a CSV filetype. An example of what the file

should look like is provided below.

A B | ¢ |

1 0 0
2 [ 00254 0.006
3| 00509 00182
4| 00763 00357
5| 01018 0.0588
6| 01272 00878
7| 01821 0123
8| 01781 0.165
9| 02035 02139
0| 0229 0210
1| 02544 03333
12| 02799 04032
13| 03053 04788
14| 03308 05586
15| 03562 0.6406
16| 03816 07221
7| 04071 0.3
18| 04325 0.8709
19| 0458 0.931
20| 04834 0.9764
21| 0.5089 1
22

21

The solution then assumes that the final figures represent the abandonment recovery factor and
watercut/WGR (ie., last calculation period), then for each calculation period the current recovery factor is
worked out and a watercut/WGR value is interpolated, and therefore for the current oil production rate, an

appropriate water production rate is calculated.
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5

Injectors / Gaslift

To select Injectors / Gaslift simply press the Injectors / Gaslift tab located on the main application

display, as shown below.

Profile Type Field Profile

|Repart Font  Tahoms -9 - | |Style Blue

| 'll \ RE=A™ ] \ 2 Profile [Field Test version2.ppd] E@Q
- Home © € About

Ll Sereen capture
| & Scheduer AR Exponerts gl GOR |3 RF

Frequency Annual - = POF Report
s Oifield _ || |22 Resutt Boxes Colour ~ || 378 Global Ga/Gi retio | | Decimals 2 : 5] Excel Report | #¢ Analyse & well PI Gp VT G || VLPAIPR |
Profile Setup Global Settings Output Cther Tools
{Field Details | Main Results
Field Name / Description | Test for Field Ol Production | T IW.
Hydrocarbon Type? |0l [-] Manth of First production  Jan 2010 [Eng FE e mEn 803%
Glditiea EI fré lz' Year of final Plateau 2015

Field Schedule | Azsociated Production | Injectors £ Gaslit| Facilities Constraints | Tables / Chaits

Gas Injection?

¥ | \wiater Injection 7

Then the following panel will be displayed.

Production to end of Plateau 54.9550

Prod'n to end of Plateau [%] 37.98% |
Decline duration [Years] 26.00

Figld Scheduls | Aszociated Production |Injectors £ Gashit| Facilities Constraints | Tables / Charts

7| 'Water Injection 7 Gas Injection 7

‘wiater Injection

well Workovers

# \loidage Replacement Constant Rate

Viell Water Injection Rate [mbbls/d]
Voidage Replacement [%]

Bo [rbistt] Bw [rbistt]
Field Injection Rate [mbbls/d] l:l

‘nfell Gas Injection Rate [mmacf/d] l:l
Field Gas Injection (as % of Prod'n) l:l

Freguency
[Years]

Production Wells
Wister Injection Uiells
GaslnjectionWells | |

Gaslift Reguirement [mmscfid]

Total Field Gaslift Requirement [ |
or, Individual Well Requirement

Fuel Gas and Flare

Fuel Gas and Flare [nmscf/d] l:l

Assuming the user wishes to model water injection then they should toggle on the Water Injection ?
check box and the Water Injection group box should become active.

The user can choose to either model a constant field injection rate or model a widage replacement ratio.
Assuming Voidage Replacement is selected then the user should enter the desired widage replacement
percentage and the oil and water formation volume factors.

The Well Water Injection Rate [REQUIRED] is an individual well's water injection rate. The application
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will calculate when to drill additional water injectors based on the field water injection profile.

Gas injection works in a similar fashion to water injection. Should the user wish to model gas injection
then they should toggle on the Gas Injection ? check box and the Gas Injection group box should
become active.

The user can choose to either model a constant gas injection rate or model gas injection rate as a
percentage of total production.

The Well Gas Injection Rate [REQUIRED] is an individual well's gas injection rate. The application will
calculate when to drill additional gas injectors based on the field gas injection profile.

The ability to schedule Well Workovers is provided by simply entering their relative frequency in years,
ie., avalue of 5 years results in a well being workover every 5 years. The application keeps a tally of the
cumulative wells drilled [production wells / water injection and gas injection wells] and their frequency of
workovers and presents a workover schedule in the main field results table. Cumulative number of
workovers, and Resenes per total production wells plus production well workovers are also presented in
the Main Results Panel.

Both gaslift requirement and fuel gas and flare effect the required gas compression lewvels and ultimate
gas sales profile.

The user can choose to either model the gaslift requirement as a constant field requirement or on an
individual production well requirement.
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Facilities Contraints

To select Facilities Constraints simply press the Facilities Constraints tab located on the main

application display, as shown below.

SRR | )= Profile [Field Test version2.ppd] SN X
Aol 3
— | Home & &) About
Profile Ty Figld Profil S
- = |Report Font Tzhoma -9 - |Style Blue = Sereen capiure |\ Scheduler A8 Exponerts il GOR |j RF|
Frequency Annual - A POF Report )
T o .|| |2 Result Baxes Colour ~ || 3% Global Qa/Qi retio | Decimals 2 * ]| & Excsl Report | Aralyse = wiell PI @ PVT 31| VLPAPR |
Profile Setup Global Settings Output Cther Tools
{ Field Details | Main Results
Field Name / Description | Test for Field Oil Production | ildun Produston ’7” e
Hydrocarbon Type?  |Oi i Month of First production  Jan 2010 E- Platesy offtske rate B03%
=l k . Year of final Plateau 2015
Field 5cheduls | Associated Production | Injectors # Gaslift |F acilities Constraints | Tables / Charts Production to end of Flateau 94.8550
[ h Prod'n to end of Plateau [%] 37.98%
Then the following panel will be displayed.
Field Schedule | fzzociated Production | Injectors £ Gazlift | Facilities Constrants | Tables / Chartsz
f " q - W aker — P Gax 'S
Year Spztem Uptime Ol Separation Tatal Liquids P : Water Injection  Gas Injection p =
3 roduction Compression
[ywyw] [%] [mzth/d] [rztbdd] [mathd] [mstbid] [rnmsckAd] [mmsct/d] =
a0 il 75 75 il 50 50
Quick Calculate Facilities Constrains
. . . - - Wiater - R Ga=s
S,rste?;}]Llptlme Dll[?‘esp::;]tlon To[t:-,lslﬂ;q';]lds Production xnfat[fr:sl?tjiﬁtlon G[amsr:nl:lsjg{(;g? Compression
- [mstb/d] [mmscfid]
Calculate | |

With a quick look facilities sizing tool located towards the bottom

of the panel, as follows.

The intent with these calculation routines are to provide a simple tool to roughly size the facilities

constraints.

Should the user enter numbers in the first set of input boxes abowve, then the application will check
whether all the of capacity constraints are met by the various production and injection profiles, and a
traffic light system displayed in the Main Results panel located towards the bottom right of the main
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application panel, as shown below.

— | Facilities Constraints Checks |———

Green indicates that the specific facility constraint, for a given system uptime, is not exceeded by the
production & injection profiles. Red indicates that the specific facility constraint has been exceeded.
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Table / Charts

To select Tables / Charts simply press the Tables / Charts tab located on the main application display,

as shown below.

( \ NEHR )= Profile [Field Test version2.ppd] SN X
= T @ W About
Field Profil A L
HEI = |Report Font Tahoma Mt | |Style Blue =Rk e | © Scheduler A8 Exporerts il GOR (2] RF|
Frequency  Annual - }- FDF Report -
T o .|| |2 Result Baxes Colour ~ || 3% Global Qa/Qi retio | Decimals 2 * ]| & Excsl Report | Aralyse = wiell PI @ PVT 31| VLPAPR |
Profile Setup Global Settings Output Cther Tools
{ Field Details | Main Results
Field Name / Description | Test for Field Oil Production | Buildup Production ,W
Hydrocarbon Type? |0l = Month of First production  Jan 2010 £\ ,W
Field Area Kt - I
Field Schedule | zsociated Production | Injectors # Gaslift | Facillies Constraints | T ables £ Chars Production to end of Flateau 84.9550
Field Praduction | well Praduction | Charts: Prod'n to end of Plateau [%] 37.98%
I 1 Fostio i meooo T
Then the following panel will be displayed.
Field Pm&nlm' ‘wiell Production | Charts
" & & A i
VETA0E . P VErage . WETd
‘Year Praducers Injectors “whorkovers 0il Production Eur[“rln‘g'ﬁ o Gaz Production Cumu[lgtcl\rr]e Gas wiater Pron
[rnztb.d] [rrnzctAd) [rztb.
2010 Tl 15,00 5.43 975 356
2011 1 Tl 25.00 14.60 16.25 9.49
22 2 2l 55.00 34.73 3h72 22.56
2013 1 55.00 54.91 3bE2 35,56
204 55.00 7488 551 4853
2ms 1P 55.00 94.96 2554 £1.50
2016 1P 51.69 113.87 3376 73.85 =
2m7 2P 4E.08 130.E9 3088 8512
2me 1P 41.04 145,67 2869 95.60
2msa 3658 1589.02 27.04 105.46
2020 1P 1wl 32E0 170.95 2575 114.89
202 1P 1wl 2504 181.55 24 B8 12390
2022 2P 2w 25.88 191.00 237 13255
2023 1P 2306 199.42 2278 140.86
2024 2056 206.34 21.83 148.86
2025 1P 1832 21362 2084 156.46
2026 1P 16.32 21958 19.81 163,69
2027 2P 1454 224.89 1873 170,53
2028 1P 12496 229.63 17.63 176,93
2029 11.55 233.85 1651 183.0
2030 1P 1wl 1029 23761 1539 188.E3
203 1P 1wl 917 240.95 14.28 15384
felniee) 20 M a17 40 aF 1290 100 C7 i
] i 3

The field production and injection profiles are shown in the first tab Field Production. Individual well
production profiles are shown in the following tab Well Production (see below), and the charts are shown

in the third tab Charts (see below).
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| Field Praduction | wellProduction | Charts|

| Field Froduction | Well Production | Chats |
A\-l"gr,age Average
- Jan-2010 Jan-2011 Jan-2012 Jun-2013 Dec-2037
Date Field Fiate Well: B ate
[mstbrd] [stb/d] 1 wellz] 1 welllz] 2 welllz] 1 wellz] 1 wellz)
200 15.00 15.00
201 25.00 2962 15.00 14E2
2ma 55.00 5722 1410 142 28,50
2m3 55.00 £2.84 1256 1374 28.50 a.04
A FR MM c2ad 11 1Q 127 ac T 1277

1 0il Preduction [mstb/d] == well Potential = Cumulative

Select Chartto Display |Di| Production Rate

[]

To select between charts, simply select the required chart via the drop down list box shown above.
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8 Chart Operations

Chart tooltips

Chart tooltips are provided to allow the user to quickly analyse the displayed production for other
calculated profiles. The tooltips will automatically be displayed by simply holding the mouse over the
required series point or year.

1 0il Production [math/d] == \w/ell Potential e (Cumulative i

B0 300

250
601 / 3
= o
% [ a =200 E.
E Date : Jan-2015 o
5 Oil rate : 55.00 o
g 404 ||| Gas rate : 35.54 150 g
§ { Water rate : 8.01 5
o Liguid rate: 63.01 =
=z Watercut : 12.7% =100 %
Water Injection : 82.26 3
/ Gas Lift: 12.50 =
Gas Compression : 48.04 S T -50 =

Gas Sales : 35.54 Hﬂrm )
o UL UL IR AI LTI LU TRt &
2010 2016 2022 2028 2034 2040

Zooming /Unzooming
The ability to zoom with a chart is provided the allow the user to better analyse the data.

To zoom in simply hold down the left mouse button and drag the mouse over the required zoom area, as
shown below.

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved



38

Profile Help

1 Oil Production [msthid] === Wwell Potential = Cumulative

The resultant zoomed in area should look like the following.

[, 0il Production [msthvd] == ‘well Potential

The user can select the scroll bar located at the bottom of the chart to quickly scroll along the
production profile.

To unzoom simply select the small Reset Button located on the left of the scroll bar, as shown above.

Chart Context Menu

The context menu associated with the main chart display can be accessed by a single right mouse
button click over the main chart, as shown below.
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1 Oil Production [msthid] === Wwell Potential = Cumulative

Flain Chart

Wéell Schedule Type Well
Associated GORW's Time
Assaciated Wiater furw's MpdM

39

The user can choose to save a copy of any of the charts to the clipboard, or as a graphic file (either

PNG, BMP or JPG format).
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Main Results Panel

Once all the appropriate data has been entered to perform a calculation, and the user has pressed the
large Calculate button located towards the bottom right of the application, the Main Results panel will be
populated with results. See below.

Profile Type Field Profile

L Screen capture

| 'll \ AEH \ = Profile [Field Test version2.ppd] E@g
o Home @ & About

|Repart Font Tahoma Mt - |Style Bue | © Scheduler B Exponerts il GOR | RF|
Frequency  Annual - A= PDF Report i
T T | |2 Result Boxes Colour ~ || % Global Qa0 ratio | | Decimals 2 : (5] Bxcel Report | #e Aralyse & Well PI @0 PVT §[] VLP/IPR |
Profile Setup Global Settings Cutput Cther Tools
{ Field Details f Main Results
Field Name / Description | Test for Field Oil Production
! H | Buildup Preduction 14.6000
¥ wpe? |0OI i i Jan 2010 hd o,
Hydrecarbon Type 7 |z| Month of First production  Jan E Plsteau offiske rate B03%
A
Fiddes [0 [t L Year of final Plateau 015 |
Field Schedule | Associated Praduction | Injectors # Gaslift | Facilities Constraints | Tables / Charts Production to end of Plateau [ 94.9550 |
Field Production |'well Production || Charts| Prod'n to end of Plateau [%] 37.98% |
Decline duration [Years] 26.00 |
(=1 Ol Production [mstb/d]  —— Well Potential — Cumulative | Total Fied ite vears]  [[773200 ]
Total Production [mmsto] [ 2587202 |
a0 —300
Abandonment rate [mstbid] 27465
250 = Acres/Production well 87168
=
E Mo. of Production Wells 6
= &
B 200 E‘ No. of Injection Wells Al
‘E‘ = Reserves/Preduction well 43,7867
g 150 & .
T = No. of Werkovers 7P 100w
o 5 |
& = Reserves/(Prods+W0's) 78703
5] o
5 —{Facilities Constraints Checks I—
=
=
o  onsepacton | NN
Select Chartto Display | il Production Rate E
oA
‘ Caloulate ‘ [ yJMain Results
“iain REsultsh il

If either the Chart Properties or Tools menu items are displayed in the navigation bar on the right, to
return to the Main Results section simply press the Main Results navigation bar, as shown abowe.

The intent with displaying these results throughout the application is to help guide the user in designing
the appropriate production and injection profiles, given the user's knowledge of analogue fields for well
spacing, recowvery/well, plateau offtake rates, decline rates, etc.
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10 Change Chart Settings

43

The user can change individual series appearance by selecting the chart icon located at the bottom

right-hand corner of the application, as shown below.

This will display the Chart Properties grid which allows the user to change any aspect of the chart

appearance.

EEIEE o[
@ &) About @) &) About

er AB' Bponerts gl GOR 2] RF|

& Well Pl @PVT 3] VLP/PR|

er AB Bxponents glh GOR [Z] RF|

& Wel Pl @ PVT (] VLPAPR|

Cther Toals Cther Tools
Main Results Chart Properties
4 Senes Colour e
Buildup Production 14.6000 | il Colour L\\s P LimeGresn  [=][ |
Plateau offtake rate 8.03% | Gas Colour . I 255.51.0
\water Production Col Il Blue
Year of final Plateau 2015 | Total Liquids Colour [ 152, 0, 153
. \Water Injection Colou [ 0, 204, 255
Production to end of Plateau 54 9550 | Gas Injection Colour [ ] 255, 204, 204
Prodn to end of Plateau [%] 37.98% Gas Compression Co [ 255, 153, 51
; Gas Sales Colour [ Yellow =||
Decline duration [Years] 26.00 | 4 Series Appearance
Total FieldLife [Years] 32,00 Gradient Style TopBottom
] Gradient End Colour [ WhiteSmaoke
Total Production [mmsth] 2597202 | Series Border Colour [l Black
B ) Series Shadow Depth 2
Abandonment rate [msthid] 27465 Show Y2 Cumulative @] True
4 Series Label Formats L
Acres/Production well 22362 Show Series Labels 7 [¥ True
) ] | Label Font Microsoft Sans Serif. &
No. of Production ells & | Series Font Colour [ Yellow
No. of Injection Wells 4w Label Position Botiom
! Label Angle 50
Reserves/Production well 432867 Decimal Flaces 0
. 4 Change Legend
o i e [ 27F 10w | |» Legend Font Microsoft Sans Serif &
Reserves/(Prod's+\W0's) 78703 Type Table
: Position Top
— Facilities Constraints Checks |——— Alignment Center
Placement Qutside
4 Change foas Format
I fsas Font Microsoft Sans Senif, &
Decimal Places 1
Axis Label Colour 102, 0. 51
¥ Lis Colour Il El=ck
W Nocie Chela ___Calid b’
0i Colour
Select colour for the Oil Production Series
G;j Main Results :f;j Main Results
il ik
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11  Create Reports

Profile Reports can either be created in Adobe Acrobat format ("PDF") or Microsoft Excel format ("XLS").

To access the Create Report option, select the Create Report menu item located under the Main File
menu item, as shown below.

i NEHR )= Profile [Field Test version2.ppd] = | B
L LY —_
— | Home &) % About
Profile Type Field Profile - 1 Screen capture -
" |Report Fort Tahoma =B - ||style Blue o A P | [ © Scheduer A" Exponcrts s GOR (3] AF |
Frequency Annual - POF Report
s Oified .| |22 Resut Boxes Colour ~ || 58 Glabal Qa/Gi ratio | Decimals 2 T RESM | #0¢ Analyse = wen P @p PvT 1] vLP/IPR|
Profile Setup Global Settings COutput Cther Tools
[ Field Details | [Create Adobe PDF Reportb_‘ |Chart Properties

Assuming the Create Abode PDF Report is selected the user will be prompted for a report PDF filename,
and a file similar to the following should be created.
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T testpdf - Adobe Acrobat Pro =HICH X

File Edit View Document Comments Ferms Tools Advanced Window Help ®

? Create = Enl::; Combine = _a Secure ~ / Sign -~ |%| Forms = E Multimedia - _? Comment =
S ﬁ |—i| % 1 /14 Ik Lc_l? {g '{" '4:" T27% - |ﬁ| E:j Find -

Hydrocarbon Type : il

Field Area : 20 km2

Manth of First Production ¢ Jan-2010
Eeld Input

Recoverable Oil [mmsth] :
Plateau duration [years]
Swing Factor :

Decline Type

Decline Rate [fraction] :

“n' Factor :

Abandonment, Qa/Qi:

Well Input Detais

Use field dedine rate 7 :

First Year Well Qi [msth/d] :
Final Year Well Qi [msth/d] :
Years at Qi for well

Decline Rate [fraction] =
Abandonment, Qa/fQi:

Main Resuks

EBuildup Production :

Plateau offtake rate

Year of final Plateau
Production to end of Plateau ¢
Prod'n to end of Plateau [%] :
Dedine duration [Years] :
Total Field Life [Years] :
Total Preduction [mmsth] :
Abandonment rabe [msth/d] :
Acres/Production well :

No. of Production Wells :

No. of Injection Wells :
Resarves/Production well :
No. of Workovers :
Resarves/(Prod's+W0's) :

Test for Field Oil Production

250

3

1.0
Exponential
0.11527

0.05

0.11527
0.05

14.6000
8.03%
2015
54.9550
37.98%
26.00
32.00
259.7202
2.74e5
823.68

&

4 WI
43.2867
27P 10WI
7.8703

Assuming the Create Microsoft Excel Report is selected the user will be prompted for a report XLS
filename, and a file similar to the following should be created.
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A B c 0] E F H Ki
I‘:‘ n
z ]
3 Field Mame / Description Test for Field Oil Production
4
5 Hydrocarbon Type - Oil
3 Field Area [km?)” 20
T
8 Field Input Buildup to Plateau [in Mstb/d] Main Results
9
10 Recoverable Qil [nmstb] - ” 250 Year 2010 15 Buildup Production - 14.6000
1 Manth of First production - Jan-2010 Year 2011 25 Plateau offtake rate - '8 03%
12 Plateau duration [years] - 4 Year 2012 L1 Year of final Plateau - 2015
13 Swing Factor - ” 10 Production to end of Plateau - "84 9550 =
14 Decline Type : Exponential Prod'n to end of Plateau [%] - '37.98%
15 Decline Rate [fraction] - ” 0.11527 Decline duration [Years] - 26 00
16 n’ Factor : Total Field Life [Years] - 32.00
17 Abandonment, Qa/Qi - 7 0.05 Total Production [mmstb] - 259 7202
18 Abandonment rate [mstb/d] - 2.7465
19 Well Input Details Acres/Production well - 823 68
20 No. of Production Wells - &
21 Use field decline rate ? - Yes MNo. of Injection Wells = 4 W1
22 First Year Well Qi [mstb/d] - ” 15 Reserves/Production well - 43.2867
23 Final Year Well Qi [mstb/d] - 7 3 MNo. of Workovers = 27TP 10WI
24 Abandonment, Qa/Qi - ” 0.05 Reserves/(Prod's+W0's) - '7.8703
25
26
27
28
14 4+ »| Field Description ,~ Associated Production Workovers-Injectors-Gaslift Facilities Contraints il
B C D G J K L
1 i
2
3 | Production & Injection Profiles
4
Average Oil Awverage Gas Average Water
Production  Cumulative Qil Production  Cumulative Gas Production Cumulative
5 Year Producers Injectors Waorkavers [mstb/d] [mmsth] [mmscfid] [bef] [mstb/d]  Water [mmstb]
6 2010 11w 15 548 9.75 356 0.02 0.01
T 2011 11w 25 146 16.25 949 0.1 0.05
8 2012 22w 55 34.73 3572 2256 0.9 038 _
9 2013 1 55 54.81 3562 3556 238 125
10 2014 0 55 74.88 35.51 48.53 4.65 2.95
" 2015 0 1P 55 94.96 3554 615 8.01 5.87
12 2016 0 1P 5169 113.87 33.76 73.85 1.9 10.23
13 2017 0 2P 46.06 130,69 30.88 8512 15.69 15.96
14 2018 0 1P 41.04 145.67 23.69 95.6 19.57 231
15 2019 0 36.58 159.02 27.04 105.46 2351 3168
16 2020 0 1P W 326 170.95 2575 114.89 2747 41.74
17 2021 0 1P AW 2904 181.55 24 68 1239 3138 5319
18 2022 0 2P 2w 2588 19 237 132.55 3817 66.03
19 2023 0 1P 2306 199.42 2278 140.86 38.86 80.21
20 2024 0 2056 206.94 21.83 148.86 4237 95.72
2 2025 0 1P 18.32 213.62 20.84 156.46 4572 1241
22 2026 0 1P 16.32 219.58 19.81 163.69 48.72 130.19
23 2027 0 2P 14.54 22489 18.73 170.53 5154 149
24 2028 0 1P 12.96 229.63 17.63 176.98 541 168.8
25 2029 0 11.55 233.85 16.51 183.01 56.03
26 2030 0 1P AW 10.29 237.61 15.39 188.63 57.85

W 4 b [ " Assocated Production

Waorkovers-Injectors-Gaslift

Facilities Contraints

Results and Profiles |

24
25
26
27
28

@ 00|~ @ |t B | R
"

(s3]

C D E F G H J K M N 6]
[ Oil Production [mstbid] == Well Potential w— Cumulative

80 34

24
= T
= 2 B
E E
< =
G
k] 1 2
S 3
E E
© i
= 18
@

5(

- e e . 0

2010 2016 2022 2028 2034

1 4 v W[~ WaorkoversInjectors-Gasift -~ Facilties Contraints .~ Results and Profiles | Charts /¥ 4
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12

12.1

Tools Menu ltems

Numerous tools are provided to aid the user with production profile generation.

To access these tools, simply select any of Tools in the Other Tools menu bar, as shown below.

l‘j_}ﬂﬂﬁ Profile = | ) i
L L) -y

Home @) &) About
Profile Type Field Profile - L1 Screen capture -

b |Report Font  Tahoma 5 *  |Style Blue - ) P | & Scheduler AB* Exponerts ik GOR lj RF |

Frequency  Annual - g B
Urits Oifield _ | %2 Result Baxes Colour ~ || 5% Global Ga/%i retio | | Decimals 2 : = | #; Analyse & well PI @ PVT §[] VLPAPR |

Profile Setup Global Settings Output Cther Tools L\\,

Well Scheduler

This tool is provided to allow the user to quickly schedule the first production dates for a series of
production wells given a knowledge of their drilling and completion durations and improvement
performance.

‘ DEHR )= Profile [Well Test - version2.ppd] IR X _
LY, )
~ Home i@ &) fbout
Profile Type Well Profile - 5 Screen capture =
|Report Font  Tahoma -9 - |Style Blue - | 5 Scheduler | A8 Exponerts gl GOR C] RF |
Frequency Annual - = POF Report
s Oifield | |22 Result Boxes Colour ~ || 3% Global Qa/Gi ratio | | Decimals 2 : ] Eucel Repor | #¢ Analyse & well PI Gp VT G || VLPAIPR |
Profile Setup Global Settings Cutput Cther Tools
. Field Details [Well Scheduler jain Results |

Once the tool is selected, the following input form should be displayed. Once the user enters data for
the required number of wells and the drilling and/or completion performance (first well & last well duration
and selects a performance), the performance chart will be displayed.
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Wi Well Scheduler @

Required Mumber of Wellz 20
Drilling Performance ' Completion Perffarmance | Results

Imput Driling Peformance

First Well, days 120 Peformance

Final Well, days 20

140
120
1001
B0
&0 =

Driling Days

0 5 10 15 20
well Number

Calculate Well S chedule

oK Cancel

Wl Well Scheduler @

Required Number of Wells 20
Cirilling Performance | Completion Performance ' Results

Input Completion Peformance

First Well, days 30 Performance
10 k

Final Well, days

[
(=)

[}
=1

P B
=]
i f

|

o
i
I

Completion Days

(]
|

10 15 20
el Number

=
[=]
n

Calculate well S chedule

Ok Cancel

The user can select to save the chart to a file or the clipboard by selecting the context menu [single right
mouse click] on either chart or calculation table, as shown below.
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Wi Well Scheduler @

Required Mumber of Wellz 20

Drilling Performance | Completion Performance ' Results

Imput Completion Performance
First Well, days 30 Peformance | Average -
Firal Well, days 10

35
204 | Show Chart Series Labels
0
E 25 [ (& save Drilling Chart
& 201 B save Carnpletion Chart
T 15
g 10 'Ll Copy Drilling Chart
Z 14 |
o 54 Ll Copy Completion Chart | | |
o+ 1) Copy Table Data to Clipboard L
5 L4 15 20
well Number
Calculate Well S chedule
oK Cancel

Once the user is happy with the drilling and completion performance then they should press the
Calculate button in the toolbar, as shown below, to calculate the well schedule.

ol Well Scheduler [ = ]

Required Number of Wells 20

Cirilling Performance | Completion Performance ' Results

Input Completion Peformance
First Well, days 30 Peformance | Average -
Final Well, days 10

[
(=)

[}
=1

P B
=]
i f

|

o
i
I

Completion Days

wn
I
I

10 15 20
el Number

=

[=]
n

Calculate well S chedule

s

Ok Cancel

Then the following results should be displayed in the third tab Results.
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il Well Scheduler [ = ]
Required Mumber of Wellz 20
Drrilling Performance ' Completion Performance | Results
wel D[;'l_";‘f EDFB';L?;'D” T”Ea;}‘;ge” well Orline | Date Online ||~
1 1200 300 150.0 0o 1-Jan-2005
2 1045 245 123.0 1290  10-+ay-2005
3 35.0 205 1156 2446 2-Sep-2005
4 89.2 177 106.9 3514 18-Dec-2005
L} 856 156 1.2 4526 29-h ar-2008
E 835 14.0 975 5501 A-Jul-2008
7 821 128 95.0 B45.2 8-0ct-2006 =
g g1.3 121 934 7386 S-Jan-2007
k| 80.8 115 923 8309 11-Apr-2007
10 80.5 1.1 15 9225 12-Jul-2007
i 80.3 108 911 10137 11-0ct-2007
12 80.2 106 308 1104.4 10-Jan-2008
13 80.1 10.4 305 1195.0 Fuipr-2008
14 801 10.3 90.4 12854 9-Jul-2008
158 80.0 10.2 903 13786 F-Oct-2008
18 80.0 10.2 90.2 14658 B-Jan-2003
17 80.0 101 901 1556.0 B-Apr-2009 -
Calculate Well S chedule
L\\s oK Cancel

To transfer the results back to the Well Schedule / Input Well Schedule section of the main application
select the OK button, otherwise select the Cancel button to return to the main application without the

results of the Well Scheduler calculation.

12.2 Analyse Actual Profile

The following tool is provided to allow the user to quickly analyse the buildup, plateau and decline

characteristics of a known well or field.

Profile [Well Test - version2.ppd]

BTk
LY
—" | Home

Profile Type Wel Profil -

185 - |Report Fort  Tahoma -9
Frequency Annual -
Units Citfield @

Profile Setup Global Settings

~ |Style Blue

12 Resutt Boxes Colour = || 378 Global Gia/Qi ratio || Decimals 2

Ll Sereen capture

| © Scheduler &' Exponerts il GOR |F] RF|

= POF Report

28] Excel Report [ zYx
Cutput

alyse | B wall Pl @ PvT 3| VLPAPR|

Other Tools

{ Field Details |

[Anafyse Actual Profile hesuh-j

Once the tool is selected, the following input form should be displayed.
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Wl Analyse Actual Profile

OHR| =i - Oiffield - | Calendar Monthly -
Input Dda\(\EaIc:uIated Data\‘\Charts\'-\
Producing ail Gag W ater &
Manth Days Walurne Waolume Wolurne E]
-
STOOIP [mmstb] Recoverable Cil [mmstb] Import C5Y

[ Calculate l [ Cancel l

The User can import a comma delimited ASCII production history file, via the Import CSV button. An
example is shown below of the required input format, in both a text editor or Microsoft Excel format.

The intent with the production history file is to have the input data frequency as MONTHLY. The user can
choose to calculate and display the history data as either Monthly, semi-annually or annually later after
successfully pressing the Calculate button.

Honth, Producing Davs,.0il wolume (bbl),Gas Volume (HMCF). Water wolume (bbl)
236735 . 8688.85 .2

Sep-1975,
Oct-1975,
How-1975,
Dec—1975,
Jan-1976.
Feb-197¢6,
Har-1976.
Apr—1976,
Hay-1976,
Jun-1976.
Jul-197¢6,
Aug-1976,
Sep-1976,
Oct-1976,
How-1976,
Dec—1976,
Jan-1977.
Feb-1977,
Har-1977.
Apr—1977,
Hay-1977,

Jun-1977.
Tal_1a77

30,
a1,
ao,
31,
a1,
29,
a1,
30,
31,
ao,
31,
a1,
30,
a1,
an,
31,
. 10851928
.10610054 .
. 12511935
L10656674 .
.13402572.
. 13182642

1104081 .
1430055 .
1283502,
2272835
2260218
2608107 .
3123054,
3881510.
4992436 .
4263170
6014523 .
6432425,
9079170
BEERAOE .
10540991

12N1a249

798,
191,
474,
423,
064,

455

388.
496 .
637.
776.
756
897

4961338.0
F79202.0
2064282,
1119615,
7814813,
4402314,
5929674,

ocooo o

2.1081.723657.0
939,1266.172178.0
051.1618 400697.0

.32.1373.528775,29021 18334

886, 1957 774675, 21781 61203
152,2067 567984, 12472 69323
91,2931 .082295,9126.51431
895, 2790.141447 6057 . 08703
.94,3398.012862.5195 . 383206
.7.3496.187645, 4654 /4594

.3396.
.3998.
L3370
L4264
L4137

277

423702, 412611536
503511, 4685 90845
961825, 2616 56096
317032,3195 22343

396108, 21391 . 643581
18708 Ana8e a7nnd
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A B C D E F G m

1 Month Producing Days Oil Volume [bbls] Gas Volume [Mcf] Water Volume [bbls] %
2 | Sep-75 30 236735.90 85249.60 0.00
3 | Oct-75 31 1104081.90 388779.20 0.00
4 | Nov-75 30 1480055.30 456206.40 0.00
5 | Dec-75 31 1883502.60 637111.90 0.00
6 | Jan-76 31 2272835.60 776781.40 0.00
7 | Feb-76 29 2260218.20 756440.20 0.00
2 | Mar-76 31 2608107.60 897592.90 0.00
9 | Apr-76 30 3123054.40 1081723.60 0.00
10  May-76 31 3881511.20 1266172.10 0.00
11| Jun-76 30 4992436.40 1618400.30 0.00
12 | Jul-76 31 4263170.60 1373528.60 25021.20
13 | Aug-76 31 6014524.30 1957774.50 21781.60
14 | Sep-76 30 6432425.60 2067567.80 12472.70
15 | Oct-76 31 9079171.50 2931082.00 9126.50
16 | Nov-76 30 B8656609.50 27950141.20 6057.10
17 | Dec-76 31 10540992.60 3398012.50 5195.40
18 | Jan-77 31 10851929.40 3496187.30 4654.50
19  Feb-77 28 10610054.80 3396423.40 4126.10
20 | Mar-77 31 12511936.20 3998503.10 4685.90
21| Apr-77 30 10656674.80 3370961.50 2616.60
22 | May-77 31 13402573.30 4264316.60 3195.20
23 | Jun-77 30 13182643.80 4137395.70 21391.60

A Lol 77 21 12N102A0 TN ITIII19D AN ANISs QN

M 4 » ¥ Forties %1 0! m 1]

Once a ASCII CSV file has been successfully imported, the User should input approximate values for
Originally-In-Place and Ultimate Recovery wolumes. These numbers are used to calculate the production
offtake rates and for the Watercut Vs Oil Recowvery plot, see picture below.
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gl Analyse Actual Profile _- ‘ E=E >
OHR| =i - Oiffield - | Calendar Monthly -
Input Dda"r.\EaIc:uIated Data\‘.\Eharts\'-_\
Manth F'ro[;l:ycgng Voﬂlll'ne \-fot?t?nsﬂe \}'gﬂtrﬁ:a E‘

5ep-1975 30.00 236735.90 85249 B0 0.00

Dct1975 00 110408190 388779.20 0.00

Novw-1975 000 148005530 49520640 0.00

Dec-1975 700 183350260 £37111.90 0.00

Jan1976 100 227263560 776781.40 0.00

Feb-1976 2900 226021820 756440,20 0.00

Mar-1976 .00 2E08107.60 897592.90 0.00

Apr-1976 000 F2I05440 108172260 0.00

May-1976 00 IWAP51T20 126617210 0.00

Jun-1976 000 499243640 161840050 0.00

Jul1976 N00 426317060 1373528.60 29021.20

fug1976 00 601452430 1357774.50 21781.60

Sep-1976 000 643242560 2067567.80 1247270

Dot1976 00 WPIIFIEG 293108200 3126.50

Mow-1976 3000 895660950 2790141.20 £057.10

Dec-1976 .00 1054099260 339801250 5195.40

Jan1977 00 1085192940 349E187.30 465450

Feb-1977 2800 1061005480  3396423.40 4126.10

Mar1977 00 1251193620 399850310 4685.90

Apr-1977 3000 1085667480 337096150 2616.60

May-1977 00 1340257330 426431660 3195.20

Jun1977 000 1318264380 4137395.70 2139160 L

| STOOIP [mmstb] 4200 Recoverable Oil [nmstb] 2700

L Ealculate:}il | Cancel |

The User should then press the Calculate button located at towards the bottom right of the input panel,
then Calculated Data and Charts Panels should become populated with data.

As with all tables within the application, the user has the ability to copy both tables to the clipboard via
the standard windows shortcut key, CTRL+C.

Within the Charts panel, the user can select between chart frequency by selecting the Calculation
Frequency dropdown menu item, as shown below.

Normalised Semi-Annual and Normalised Annual options are provided to normalise the production profile
relative to the start date, ie., A normalised Semi-Annual profile beginning in Sep-1975 will have reporting
periods of September and March of each year (6 monthly intervals) and a normalised Annual profile
beginning in Sep-1975 will have reporting periods of September of each year (12 monthly intervals). The
purpose for adding these two options are to more accurately calculate the offtake rate and cumulative
offtake for the plateau and end of plateau periods.
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Wl Analyse Actual Profile E@g
S H&E| 2| - | |Oilfield - B\
Input Data ' Calculated Data |Charts Calendar Manthly
Calendar Semi-Annual = =
Decline Fit ' ater Production
Calendar &nnual
—e— PO Rate = Cumulative Marrnalised Serni-Snnual .
—=— CD Rate Mormalised &nrual @ Bqonential
() Hamonic
600000.00+ r3000.00
() Hyperbolic
2500.00 Fix Selected Qi 7
- Qi 309696.6694
= 400000.004 2000.00 E a 0000421
L =
o
= = n 0.000000
= o
= 150000 2
2 =
o g2 Include on Chart ?
— =
=] - Z
200000.00 1000.00 ) Qs 1333358
| Predict |
500.00 -
Mpa
Ta
0.00 0.00
Jan-1980 Jan-1986 Jan-1992 Jan-1998 Jan-2004
Select Chart to Display 0il Production |Z|
| Calculate | | Cancel

The User has the ability to quickly scan the profile for whatever Frequency period and tooltips are
provided to quickly analyse the various production rates, ratios and offtake percentages, see below.
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il Analyse Actual Profile =SR] X
(™ | =2 | 0il = Qilfield + | Mormalised Annual -
Input Diata ! Calculated Data | Charts
Decline Fit ' ater Production
| —— PDRaste  [CJCDRate == Cumulative i
@ Exponertial
600000.00 r3000.00 ) Harmonic
(71 Hyperbolic
'I B Foc Selected Gi ?
I A Qi 3096966694
c
% 400000.004 .'I k -2000.00 é_ o 0000421
o Ty
5 ' Date : Sep-1984 3 n 0.000000
g‘ Producing Days : 365.00 150000 ©
= CD Qil rate : 401,843.3 o
o CD Gas rate: 121,792.2 o
= CD Water rate : 47,0154 £ Inclue on Chart 2
200000.00 CD Liquid rate : 448,858.6 1100000 0n 1393356
| PD Oil rate : 401,843.3 = ] :
| PD Gas rate:121,792.2 Pradict
i PD Water rate : 47,0154 500,00 i
PD Liquid rate : 443 858.6 N
Watercut : 448 858.5 ) pa
GOR : 303083.745 Ta
0.00 CGR:3.299 0.00
Jan-1980 Jal offtake Rate : 5.4323% Jan-2004
Cumulative Offtake : 56.2041%
Select Chart to Digplay |0l Praduction -
Calculate Cancel

In particular the offtake rate and cumulative offtake figures can be used when designing the required
production profile back in the main application.

| —— PD Rate == D Rate = Cumulative i
GDDDDD.DD—| 3000.00
Y Axis Type 2
r2500.00

Regress Decline Exponents » Select Points
Define Colour for PD Rate End Selection o)
o 4 ) 200000 3
o Change Marker Size E
o o
c . 3
= Copy Chart to Clipboard @
E . -150000 2
2 Save Chart to File D
fin b 1 =
g . i
200000.00 r1000.00 %
3

]
-500.00
0.00 0.00
Jan-1980 Jan-1986 Jan-1992 Jan-1998 Jan-2004

The User can also change the Y Axis Type between Linear and Logarithmic, via the context menu
associated with the chart. The context menu is accessed via a single right mouse click while the mouse
is located over the chart. See picture abowe.
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Provision is also made to do decline curve analysis. Should the User want to calculate the decline
exponents for either Exponential, Harmonic or Hyperbolic declines, select the Select Points context
menu item, as shown abowe, to toggle on the points selection. The user should then select points on the
chart to conduct the regression analysis. Once the User is happy with the selection of points, access
the context menu again by a single right mouse button click while the mouse is located over the axis
areas (not in the display chart area - as this may continue to add regression points), then select the End

Selection menu item. See picture below.

—s— PD Rate
=== CD Rate

= Cumulative

*  Decline Regrezsion

600000.00

k.

Y Axis Type
4000 Regress Decline Exponents

Define Colour for PD Rate
Change Marker Size

Copy Chart to Clipboard
2000 Save Chart to File

Oil Production Rate

/ . 2500.00
3

v Select Points

»

3000.00

-2000.00

End Selection

-1500.00

-1000.00

UBRANPOIL (10 SARE|MLITD)

-500.00

0.00

Jan-1980 Jan-1986 Jan-1992 Jan-1998 Jan-2004

The following task pane will then be populated with decline exponents, see below. The user can toggle
between decline types and whether or not to fix the initial selected rate in the regression analysis. The
user should manually iterate between these options until the RMS error is minimised.

Decline Fit W ater Production
@ Exponertial
() Hamonic
) Hyperbolic
Fix Selected Qi 7

Qi 3253822765
a 0.000321
n 0.0000D0

Include on Chart ?
Qa 1393356
Predict

Mpa
Ta |

Decline Fit ' ater Froduction

@ BExponertial

() Hamonic

) Hyperbolic

Fix Selected Qi 7
Qi 3253822765
a 0000321
n 0.000000

Include on Chart 7

Qa 1333356

Ta 20-5ep-2014
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Should the User wish to extrapolate an ultimate recovery and abandonment date, simply enter an
abandonment rate in the abowe text box "Qa" and press the Predict button.

The user can also manually regress a watercut Vs oil recovery relationship, by selecting the "Watercut
Vs Oil Recowery" chart and expanding the Water Production navigation bar category.

il Analyse Actual Profile =SEECEL X

S HE | = |oil - | Qilfield ~ | Calendar Manthly -
Input Diata ! Calculated Data | Charts

Decline Fit | W ater Production
Recovery Factor [%] 65
1.20
Abandont fw [%] 55
Customise Predefined
1.00
Early Curvature m
Late Curvature 0 =

0.80
5
=
& 0.60
o
=

0.404

0.20

0.00

-0.20 0.00 0.20 0.40 0.60 0.80
0il Recovery
Select Chart to Display watercut v's il Recovery -

Calculate Cancel

Once the user has entered approximate numbers for Recovery Factor and Abandonment Watercut (fw),
the User can iterate the Early and Late curvature values, as shown below, until a satisfactory fit is
achieved.
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il Analyse Actual Profile =SR] X
CH&E| =/ - | Oiffield - | | Calendar Monthly -
Input Diata ! Calculated Data | Charts
Decline Fit | W ater Production
Recovery Factor [%] 65
1.20
Abandont fw [%] 55
Customise Predefined
1.00
Early Curvature 45
Late Curvature
050
5
=
& 0.60
L
=
0.404
0.20
0.00
-0.20 0.00 0.20 0.40 0.60 0.80
0il Recovery
Select Chart to Display watercut v's il Recovery -
Calculate Cancel

For completeness, the ultimate recovery and abandonment date equations are included below.

Where,

e ga = Abandonment production rate

® @i = Initial production rate

e a = Constant decline rate fraction, between 0 and 1

® n = additional constant decline exponent, between 0 and 1
e Npa = Cumulative Production between gi and ga

e Ta = Time (in days) between gi and ga

Exponential 1 1,1[‘1_:']
Decline N, =—x(q,~q,) a )
a (.

-a
q_,
Harmonic Decline N =ixln[i] [q 1
a \ Taz I =

a
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qt )n -
Hyperbolic I F 9
Decline I‘I"a_(l—nlb:a>< : [qa] 8
T, == =
a
12.3 Backcalculate Decline Exponents

The following tool is provided to allow the user to quickly calculate the decline curve exponents having
minimal knowledge of the production history.

\ DEEHRE )+ Profile = | B |
s - ——
— | Home 1@ % About
Profile Type Well Profile - =
e e |Repot Fort Tzhoma +la +|[sie Bue -JI= S || (D Scheduer| s Epaerts| d GOR (3] FF|
Frequency  Annual b 9,'-.4-
Urits Oifield |27 Result Boxes Colour = | | 8 Global Qa./Qi ratio | | Decimals 2 : & | #e Aralyse & Well PI @ PVT 3 (] VLP/IPR|
Profile Setup Global Settings Cutput Cther Tools
f { Field Details | : | ﬂEackcaIculate Decline Emonerds]

Once the tool is selected, the following input form should be displayed.

.
Wl Backcalculate Decline Exponents @

Input Production Data = =
Decline Type = Hyperbolic  *

) EprEEl The number of roots are : 3

() Hamonic Decling
5 ; . Root : 1

) e E R e Decline Constart [2] : 0.000662/day
Decline Constant [3] : 0.24163.Aear
Decline Constant [n] - 0.000000

m

Initial Production Rate [Mstb./d] 65.48

Final Production Rate [Mstb./d] 6.38 Root - 2
Decline Constant [3] : 0.001094./day
Cumulative Production [MMstb] 75.10847 Decline Constant [a] : 0.33331/year

Decline Constant [n] : 0.400661
Time: [days] x7

Root : 3

Decline Constant [a] : 0.002634/day —
Decline Constant [a] : 0.96141.4ear
Decline Constant [n] : 1.000000 -

Cloze

Both the exponential and harmonic decline curve equations are special cases of the hyperbolic decline
curve equation. The exponential equation has a value of 'n'=0, and harmonic equation has a value of
'n'=1, in the hyperbolic decline curve equation.

For both the exponential and harmonic decline curves, the exponent ‘a' can be solved by re- arranging
their decline cune equations to the following :

Exponential Equation Harmonic Equation
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12.4

From the abowve equations, the user should note that only a knowledge of the initial production rate, final
production rate and time interval are required to calculate the decline exponent ‘a'.

The solution of the hyperbolic parameters are based on the technique described in the following Society
of Petroleum Engineers paper, where an additional parameter Cumulative production, Np, is required.

"A Numerical Solution to Two-Parameter Representation of Production Decline Curve Analysis”,
SPE16505, B. Agbi and M Ng, 1987

The solution of the hyperbolic decline curve equation for values of 'a' and 'n' displays all roots of the
equation, including values of ‘a’ at n=0 (exponential decline) and n=1 (harmonic decline).

Well PI Calculations

The following tool is provided to allow the user to quickly, but approximately, estimate the well
productivity index (PI) of a vertical or horizontal oil well.

WO EHERE )= Profile | E
- Home @ %) Pbout
iy " orle = Report Fort Tahoma Mt " |Style Blue ||| S D Scheduler AE' Exponerts il GOR |F] AF
Frequency Annual - 9;'..-
nits Ciffield . 2 Resutt Boxes Colour ~ || £8 Global Gia Qi ratio || Decimals 2 - =] e Analyse = Wel‘ugl ‘3) PVT §1| vLPAPR

Profile Setup Global Settings Cutput Cther Tools
Field Defsils

Once the tool is selected, the following input form should be displayed.

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved




64

Profile Help

i Well PI Caleulations (3

o HE =2 é”g'!":(:onuert
Vertical 0d'Wed ' Horizontal Ol wel

Pemmeability, mD 50 Thickness, ft 50
Oil FVF Bo, rb/sth 135 Area 320 Acres -
Qil Viscosity, cP 0.6 Skin factor

Well Radius, ft 0.365

Dietz Shape Factor

Dietz Shape Factor (=) 0] = # 45132

P, sth./d/psi 26247

Claze

The user can easily change the Dietz shape factor contained within the semi/pseudo steady- state
vertical Pl equation, by using the track bar located in the Dietz Shape Factor group box. A graphical

image of individual shapes and their respective shape factor values are displayed simultaneously as the
user slides the track bar.

Once the user has input all the necessary input, select the Calculate button to calculate the vertical
semi/pseudo steady state PI.

Horizontal and slanted oil well Pl can be calculated in the second tab Horizontal Oil Well.
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D H B2 k| s%conert
Wertical Oil 'Well | Horizontal D 'wWel

Method Pseudo Steady State [1996] - Economides -
lee, mD 50 Well Radius, ft 0.365
ky, mD 50
kz, mD 50
Qil FVF Ba, tb/stb 135 Well Length [L], ft 2000
Ol Viscosity, cP 0.6 Well Height above Base [zw]. ft 25
Major Length [=], ft 3733 75
Minor Length fye]. ft 3733
Show Well Schematic
Thickness, ft 50
Skin Factor
@ Calculate Skin~ (0) Input Skin PI. sth/d/psi 196179
k (skin), mD

"""""""" Caloulate

Claze

The user can select from numerous published techniques, listed below :

|F'seudu:| Steady State [1996] - E conomides 1\!

Pseudo Steady State [1936] - Economides
Pzeudo Steady State [1590] - Kuchuk & Goode
Pzeudo Steady State [15839] - Babu & Odeh
Pgeudo Steady State [1933] - Jozhi

Steady State [1951] - Economides

Steady State [1330] - Renard & Dupuy

Steady State [1988] - Joshi

Steady State [1384] - Giger

Steady State [1984] - Borizov

Slant Wwell [1978] - Cinco-Lep, Ramey, Miller

A well schematic is included within the application (and accessed by selecting the Show Well
Schematic button) to clarify the various nomenclature requested. The schematic is shown for
completeness below.
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~
il Horizontal Well Schematic @

Horizontal Well Schematic

L
\

Based on "Productivity of a Horizontal Well", Babu, D K. and Odeh, A.S., SPE Reservoir
Engineering November 15839.

E

Another tool is provided to allow the user to quickly convert between area, equivalent radius and length,
to better permit comparison with vertical and horizontal Pl solutions. To convert between area, radius and
length simply type a number into one of the text boxes and then leave the text box (select tab or mouse
click to go to another text box).

il Convert Between Area, Radius and Length @

Area 50 Acres -

Equivalent Radius 832 63373P266E (R -
Equivalert Length  1475.80486514¢

The user can generate a Microsoft Excel report by selecting Excel icon in the toolbar located towards
the top of the dialog form. The user will be prompted for an Excel filename, and a file similar to one the
following should be created.
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A B cC D E F G H |'f
N —
3 Wertical Oil Well PI Calculations
4
5 Permeability, mD” 50
6 Thickness, ft” 50
T Area” 320 Acres
8 Skin factor
] Well Radius, 7  0.365
10 Oil FVF Bo, thistb”  1.35
1 Oil Viscosity, cP” 06
12 Dietz Shape Factor” 4.5132
13
14 P, stbid/psi”_2 6247
15
16 Harizontal Qil Well Calculations
17
18 Method Pseudo Steady State [1996] - Economides =
19 ke, mD” 50
20 ky, mD" 50
21 kz.mD" 50
22 Qil FVF Bo, th/stb”  1.35
23 Oil Viscosity, cP” 06
24 Major Length [xe], ft” 3733
25 Minor Length [ye]. #7 3733
26 Thickness, ft” 50
27 Well Radius, &7 0.365
28 Well X Midpoint [xo], f
29 Well ¥ Midpoint [yo], ft
30 Well Length [L], t” 2000
N Well Height above Base [zw], ft” 25
32 Well Inclination, degrees
33 k (skin), mD
34 Skin factor” 00000
35 |
36 P, stb/d/psi| 19.6179
37
38 1
i« 4« » ¥ | Well PI Calculations .~ %3 0| m |

12.5 Calculate Depletion GOR Profile

The material balance depletion method tool is provided for oilfields to calculate the primary depletion gas
production, and is entirely based on the technique outlined by Laurie Dake in "The Practice of Resenoir
Engineering", published by Elsevier. [ Chapter 3.7 - Volumetric Depletion Fields ].
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Wil Caleulate Depletion GOR Profile

20

Input D ata Setup ' Calculations

Reservoir Pi [psi] 4500 3.3E-06

Reservoir T [deg F] 175

Cw, [1/psi]
Cf, [1/psi]

Swe, fraction  0.25
3ED6 Sor, fraction 025

krg', fraction  0.2% Sgc, fraction  0.03

PYT Input ' PT Chartz

AP Gravity 35
Gas Composition
Gas Gravity 0.65 (Male Percent)
Separator Pi [psi] N2
Separator T [deqg F] co2
GOR at Pb [scf/stb] 650 H2s Caloulated Values
Pb Comelation tcLain [Databank 1931] 253813
Bo Comelation MecCain [0 atabank 1991] Bai = 1.3016B0b = 1.3344
Qil Viscosity MeCain [Databank 1331] 0.6775
Calzulate

Undersaturated Recovery Factor

3.2378% Calculate

(u] Cancel

The tool has two main sections accessed from the toolbar; Input Data Setup and Calculations.

Input Data Setup Panel

Within the Input Data Setup tab (shown abowe), the user is asked to input the initial resenoir pressure,
resenoir temperature, water and formation compressibility, endpoint gas relative permeability, initial
water, residual oil and critical gas saturation values.

The user is also asked to input Fluid PVT values of API gravity, gas gravity, GOR at bubblepoint
pressure and any CO2 and H2S content in the gas composition.

Once the PVT data has been input the user can press the Calculate button in the PVT Input tab and
values for bubblepoint pressure (Pb), oil formation volume factor (Bo) and oil viscosity, will be displayed
for the selected correlation.

To view the calculated values of Oil GOR, Bo and viscosity versus pressure and Gas Bg, Viscosity and Z
Factor versus pressure select the PVT Charts tab, as shown below.
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FYT Input | PYT Charts

LY
800 0.140
01201,
[
B 0.1001 |
0.080 |
100 [
0.060 |
200 0.040 \
0.020 ‘-
0 0.000 s e
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

Solution GOR +'s Pressure = | |GazBgv's Pressure -

Once the user is happy with the input data and PVT calculations, to calculate the Undersaturated
recovery factor simply press the Calculate button in the Undersaturated Recovery Factor Group box,
located at the bottom of the Input Data Setup Panel.

Calculations Panel

Once the user presses the Calculations tab, the following panel is displayed.

il Calculate Depletion GOR Profile lé]

=20

Input Data Setup | Calcul abons

GOR Calculgtion ' Impart Figld Profile and Caleulate ' Compare to Simpls Method

Calculation Results ' Chart Presswe and GOR

ail Gas o
Fressure Rz Ba Wiscosity Bg Wiscosity
293813 £50.00 1.3344 05770 0.00536 0.01951
2929.37 E47.E3 1.3333 ns57a2 0.00538 0.01988
292061 £45.37 1.3322 05794 0.00639 0.01954 £
2911.84 E43.06 1.3311 05306 0.00541 0.01951
2903.08 540.75 1.3300 05819 0.00542 0.01978
289432 £38.44 1.3289 IR 0.00544 0.0197%
2885.56 E3E12 1.3278 05242 0.00545 003972
2876.79 £33.83 1.3267 05855 0.00547 0.01969
2868.03 £31.52 1.3256 05368 0.00542 0.01966
2859.27 £23.22 1.3245 0.5aa0 0.00550 0.01963
285051 E26.92 1.3234 05333 0.00551 0.01960
284174 62451 1.3223 05905 0.00553 0.01957
283298 E22.32 1.3212 05918 0.00555 0.01954
282422 £20.02 1.320 05930 0.00556 0.01951
281546 E17.72 1.3190 05943 0.00558 0.01947
2806.69 E15.42 13179 05956 0.00560 0.01944
2797.93 E1312 1.31E9 05963 0.00561 0.01341
278917 £10.84 1.3158 05982 0.00563 0.019338 -
'l 1 3
Abandonment Pressure [psi] 2500 Caleulate
u] Cancel

Once the user enters a valid abandonment pressure and presses the Calculate button, the Muskat
technique (as outlined by Dake) for calculating depletion below the bubblepoint is performed.

A chart showing the pressure and GOR behaviour is shown in the Chart Pressure and GOR tab, and an
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example is shown below.

Calculation Results | Chart Pressure and EDH[\

L
3000.00q —2000.00
2500.004
r1500.00
£ 2000.00
= o
3 =
8 2
o 1500.004 -1000.00 a
5 @
2 =
@
2 1000.00
o
-500.00
500.00
0.00 0.00
0.031 0.081 0.131 0.181
NpiN [fraction]
= Pregsure = GOR '

Once the user is happy with the pressure and GOR behaviour, they can proceed by pressing the Import
Field Profile and Calculate button located towards the top of the Calculations panel, and the following will

be displayed.

il Calculate Depletion GOR Profile

2@

Input Data Setup | Calculatons
GOR Calzulation | Import Field Profile and Calcuate ' Compare to Simple Method
Calculate Field D epletion Profe . Calculate Field Depletion Frafile

Year

014012010
0140242010
0140342010
01/04/2010
01/08/2010
01/06/2010
014072010
01/08/2010
01/09/2010
01A0/2000
01412000
01A2:2010
0140142011
0140242011
0140342011
01/04/2011
01/05/2011
01/06/2011

Qil Rate

15.00
16.00
16.00
15.00
18.00
15.00
15.00
15.00
15.00
15.00
15.00
15.00
25.00
25.00
26.00
26.00
26.00
26.00

Curnulative

Oil

05
0.4
14
18
2.3
2.7
32
36
4.1
46
5.0
55
E.3
7.0
7
85
9.3
10.0
m

MpiH GOR Gaz Rate
0.0004 E50.00 975
0.0007 E50.00 975
0.0011 E50.00 975
0.0o14 E50.00 9.75
o.oog E50.00 9.75
0.oo2z2 E50.00 9.75
0.0026 E50.00 975
0.0029 E50.00 975
0.0033 E50.00 975
0.0037 E50.00 975
0.0040 E50.00 375
0.0044 E50.00 975
0.0050 E50.00 16.25
0.0056 E50.00 16.25
0.0062 E50.00 16.25
0.0068 E50.00 16.25
0.0074 E50.00 16.25
0.0080 E50.00 16.25 -

b

Impart Figld Prafile and Calculate

QK Cancel
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The user should press the Import Field Profile and Calculate button to import the primary oil production
profile and calculate the gas profile based on the Muskat calculated GOR profile.

The Gas production rate and GOR profile can be viewed by selecting the Chart Pressure and GOR tab,
as shown below.

Calculate Field Depletion Profile |Calculale Field Depletion Pmﬁ
Ly

40.00 4

—2000.00
30.00 1500.00
)
k] o
£ o
E o
‘= 20.00 - 1000.00 E
2 o
< g
&
10.00 + 500.00

0.00
01/01/2010 01/01/2016 01/01/2022 01/01/2028 01/01/2034 01/01/2040

0.00

B Gas Rate = GOR '

To compare the Material Balance calculated profile with the Simple Method Profile, select the Compare
to Simple Method button, located towards the top of the Calculations panel.

The following will be displayed.
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Wil Caleulate Depletion GOR Profile @

20

Input Data Setup | Calculabons

GOR Caleulation ! Import Field Profile and Calculate | Compare to Simple Method

Recoverable Cil [MMstb] 259.72 Initial GOR [scf/stb] 650.00
Recoverable Gas [Bef] 23053 Final GOR [scf /stb] 1978.50
Curve Type |1 =

GOR ¥'s Tme ' Gas Production «'s Time

2000.00+

1500.004

1000.00

GOR [scfistb]

500.00

0.00
01/01/2010  01/01/2016 01012022 01/01/2028 01/01/2034  01/01/2040

= M aterial Balance = Simple i

(u] Cancel

All numbers are fixed in this panel with the exception of the Curve Type. The user can toggle the value of
Curve Type [between 1 and 10] by selecting the up and down arrows in the Curve Type value box.

To view the Gas Production profile comparison simply select the Gas Production vs Time tab, as shown
below.
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il Calculate Depletion GOR Profile ﬁ

= O
Input Data Setup | Calculabons
GOR Caleulation ' Import Field Profile and Calculate |Eompale to Simple Method

| Recoverable Oil [MMstb] | 26972 | Initial GOR [scf/sth] | 650.00

| Recoverabls Gas [Bef] | 23053 | Final GOR [scf/stb] | 1978.50

| Curve Type |4 = !

GOR +'z Time |Eas Production ¥'s Tme

40.00

30.00

20.00 1

Gas Rate [nmschid]

10.00

01/01/2016

| B Material Balance = Simple '

01/01/2028

0.00
01/01/2010

01/01/2022 01/01/2034

01/01/2040

| ok

Cancel |

To transfer the calculated material balance values back into the main application's Associated
Production Use Simple Method technique, the user should press the OK button. To return to the main
application without transferring any values, the User should press the Cancel button.

PVT Calculations

The following tool is provided to allow the user to quickly calculate values for Gas, oil and water fluid
properties.

Profile Type Field Profile
e pe |Heport Fort Tahoma -9
Frequency  Annual -

- |S‘ty‘1e Blue

L Screen
—— | & Scheduler B Exporerts il GOR || RF|

'ii\\-‘l DEEHE )= Profile (= [E i)
- Home 1@ & About

Once the tool is selected, the following input form should be displayed.

55 Oificd |22 Result Boxes Colour ~ || 528 Global Gia/Qi ratio | | Decimals 2 : | ¢ Analyse % wiell PI @b P 3l vipsPr|
Profile Setup Global Settings Cther Tools J
’ (Field Details | _‘ | Main Re{ PVT Calouatons |
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Wl PVT Calculations &
®Gas & 0l @ Water | 2 5]
From Composibon ' From Gas Gravity
Input Pressure and Temperature
Composition
(Male Percent) Pressure psi -
Methane | Temperature deg F -
Ethane c2
Propans c3 Calculations
Butane c4 Pseudo Reduced P
ls0 Butane ic4 Pseudo Reduced T
Pentane Ch
lso Pentane iC5 Z Factor
Hexane Ce Expansion Factor [scf/rcf]
Heptanes + C7= Gas FVF [rcf/scf]
Mitrogen N2 Gas Gravity
Carbon Dicxide coz2 Gas Viscosity [cP]
Sulphid H2s
bigiogen Spads (Gas Compressibility [1/psi]
Gas gradient [psift]
Total Male Perzent
Remainder Calculate

The user can select between Gas, Oil and Water calculations by pressing the icons in the toolbar, as
shown below.

Wl PVT Calculations ﬁ
|Oear{00i| & viater | (2 5] ‘

From

Input Pressure and Temperature

Within the Gas PVT Calculations panel, the user can choose to calculate the relevant PVT properties
based on a knowledge of the gas composition or the gas gravity.

The Oil PVT Calculations panel is shown below and consists of numerous published correlations for
solution GOR, bubblepoint, formation volume factor, viscosity and compressibility.

Once all the required data has been input and the user presses the Calculate button, the list of
correlation results are displayed. To enable or disable a correlation value from the average and standard
deviation results at the bottom, simply un-check the correlation and re-press the Calculate button.
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Wl PVT Calculations E
®Gas & 0l @ Water | 2 5]
Solution GOR ' Bubblepaint |mealion\|’olume Factor ' Yiscosity | Compressibility
i 35
Sy Calculate Author Area Date Walue
Gas Gravity 065
- — Standing California 1947
Separator P pat é Wagzquez-Beggs [ atabank 1980
Separator T deg F |~ Glaso Noith Sea 1980
Al arhoun Middle E st 15992
] — McCain [ atabank. 1991
i 4500 -
Resenvor P - = DoklaDsman UAE 1932
=V | deg P o Farshad Colombia 1332
DeGhetto D atabank. 1394
| GOR at Pb 650 zcfdsth |Z| Almehaideb LLAE 1997
Undersaturated 7 Hanafy-td acany Eqypt . 1997
Petrosky Gulf of Mexica 1998
| Pb 3536 psi |Z| Al-Sharnmasi D atabank 1939
Dindomk-Christman Gulf of Mexico
[ Average 1.3813 th/sth
| Standard Devigtion 00522
The Water PVT Calculations panel is shown below
il PVT Calculations I\E

WG B Ol @ ater| 2 3]

Input Data Calculations

| Pressure pai |Z| Fomation Volume Factor [b/sth] |
| Temperature deg. F |Z| Viscosity [cP] |
| Salinity [ppm]

Solution Gas Water Ratio [sof/stb] |

|
|
| Compressibilty [1/psi] |
|
|

Water Density [bs /7] |

Calculate

The user can generate a Microsoft Excel report by selecting the Excel icon in the toolbar, as shown

below.
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gl PVT Calculations =2
|Oeas ® Oil @ water | 25 ‘
g
Input Data |C|'eate Microsoft Excel Report L|aﬂgn5

The user will be prompted for a report XLS filename, and a file similar to the following should be created.

A B C D E F G H J K L M ﬂ
; 1
3
4
5 API Gravity I 35 Correlation Location Year Bo [rb/stb]
5 Gas Gravity " 065 Standing California o477 1.3629
7 Separator P psi
8 Separator T deg. F Vasquez-Beggs Databank 980 " 13929
9 Reservair P " 4500 psi Glaso North Sea 980 " 13210
10 Reservair T " 225 deg. F Al-Marhoun Middle East fM938 " 1.3626
1 GOR at Pb " 650 scfistb McCain Databank "9g1 " 1.3490 =
12 Undersaturated ? True Dokla-Osman UAE fM9g2 " 13842
13 Pb " 3536 psi Farshad Colombia M992 " 14412
14 DeGhetto Databank "994 " 1.3929
15 Almehaideb UAE 997 " 13915
16 Hanafy-Macary Egypt 997 " 15181
17 Petrosky Gulf of Mexico M99 " 13433
18 Al-Shammasi Databank "9g9 " 13715
19 Dindoruk-Christman Gulf of Mexico 2001 " 1.3260
20 Average 1.3813 rb/stb
21 Standard Deviation” 0.0522
22
23
M4 b M Bubblepoint Pressure Solution GOR | 0il Formation Volume Factor < Ol Viscosity [T m |

12.7 Recovery Factor Estimate

The following tool is provided to allow the user to quickly calculate a waterdrive recovery factor for
potential use with the Associated Water Production ultimate field recovery factor.

The routine for calculation of recovery factor is based on the equation developed by the American
Petroleum Institute (API) "A Statistical Study of Recowery Efficiency"”, 1967.

DS HR )= Profile =0 X
L —
o [T @ &) About
Profile Type Field Profile ~ — G e
e e | Report Font Tahoma -|9 - |Style Blue - capiure | D Scheduler AE*Exponents i GOR |
Frequency  Annual - }.
= =
Units Oifield |22 Result Boxes Colour - || 5% Global Ga/i ratio || Decimals 2 e | £ Analyse % well PI @ PUT 3| VLPAPR|
Profile Setup Global Settings Output Cther Tools
[Field Details | | Main [ Waterdrve Recovery Factor Estmate | |

Once the tool is selected, the following input form should be displayed.

Il Waterdrive Recovery Factor Estimate @
Permeability [mD] 350 0Oil FWF Bo [b/stb] 135
Porosity fraction] 0.23 Qil Viscosity [cF] 03
Sw [fraction] 0.25 Water Viscosty [cP] 04
Initial Pressure [psi] 4500
Abandonmert Pressure [psi] 3500 Recovery Factor [%] 58.529%
Cancel
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The user should enter all the required data, then press the calculate button. To return to main application
select the OK button.

12.8 Quicklook Oil VLP/IPR

The following tool is provided to allow the user to quickly calculate, from nodal analysis, the likely initial
well oil production rate given a specific tubing design and well trajectory.

) REr=; H_g )= Profile [Arkle Analogue. ppd] = | B
— Home @ %) About
frciiegling, Ficld Profic |Report Font Tahoma -9 - ||Style Blue = s | © Scheduler AB' Exponents iy GOR C] RF |
Frequency Annual - = POF Report
s Oificd |22 Result Boxes Colour = | | 38 Global Ga/Gi ratio | | Decimals 2 : ] Excel Report | # Analyse = well Pt ForvT 1] VLIS’\PRI

Profile Setup Global Settings Cutput Cther Tools
[ Field Details | ‘ | Main Results  |Quicklock Oil VLP/IPR |

Once the tool is selected, the following input form should be displayed.

i Quicklook VLP/IPR = | B |
DM Q|2 & oifeduits - |©

PYT Input ' Tubing Parameters ! Inflow Performance
PYT Data ' Charts ' Tables

Reservoir P [psi] Separator P [psi]
Reservoir T [deg F] Separator T [deg F]
Select Comelations
Cil AP Gravity Pb | Standing [Califarmia 1947] -
GOR at Pb [scf/stb] Bo | Standing [Califormia 1947] -
Co |Vasquez-Beags [Databank 1980] -
Gas Gravity po | Chew-Connally [Databank. 1953] -
Composition (Male Percent)
N2
coz
Has

Water Salinity [ppm]

Calculate

Close

The input data sections are split into three distinct areas and the data and calculations must be input in
a sequential manner, as illustrated below.

1. PVT Data Input
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Firstly the PVT data has to be input, as shown below.

Wl Quicklaok VLP/IPR [WellIPRVLP_Example.ipr] =SRECEL X

D H B2 = oilfieldunits - || ©
PYT Input ' Tubing Parameters ' Inflow Performance
PYT Data ' Charts ' Tables

Reservoir P [psi] 3000 Separator P [psi] 50
Reservoir T [deg F] 140 Separator T [deg F] 80
Select Comelations
Oil AF| Gravity 35 Pb  |Glaso [Maorth Sea 1980] -
47 Bo |Glazo [Moth Sea1980] -

=1

GOR at Pb [scf/stb] 5
Co |Vasquez-Beggs [Databank 1980] -
Gas Gravity 0.825 po | Chew-Connally [D atabark 1359] -
Composition (Maole Percent)
N2 1
coz 2
H2s 3

Woater Salinity [ppm] 200000

Calculate

Close

Once the user has entered all the necessary PVT data, then the user should select the Calculate button
as shown above. Assuming all the data is correct then the following should be displayed.
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ill Quicklook VLP/IPR [WellIPRVLP_Example.ipr] (=3[ = ]

D H B2 = oilfieldunits - || ©
PYT Input ' Tubing Parameters ' Inflow Performance
PYT Data ' Charts ' Tables

Reservoir P [psi] 3000 Separator P [psi] 50
Reservoir T [deg F] 140 Separator T [deg F] 80

Select Comelations

Oil AP| Gravity 35 Pb |Glago [Marth Sea1980] - 252122
GOR at Pb [scf/sth] 574.7 Bo | Glaza [Morth Sea 1980] - Boi = 1.2766
Co |Vasguez-Beggs [Databank 1380] - 1.216E-05

Gas Gravity 0.825 L wo | Ches-Connally [0 atabank 1359 = r 0.9616
PVT Calculations

Composition {Molg

N2
R I.-"'_"‘-.I PVT Calculations completed successfully.
"' Please proceed to Tubing Parameters Data Input.
H25

Water Salinity [ppm]

Iﬁalculate

Close

Charts and tables of PVT results can be inspected in the Charts and Tables section of the PVT input
tabs.

Once the user is satisfied with the PVT input and calculations they should proceed to the Tubing
Parameters Main tab in order to input the required data in this section.

2. Tubing Parameters

In this section, the user should well trajectory and tubing ID as a function of Measured Depth [MD] Vs
True Vertical Depth [TVD], as well as other well properties in order to calculate the vertical lift
performance via nodal analysis. For information, the method used within this routine is the Modified
Hagedorn and Brown multi-phase \ertical lift performance relationship.
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il Quicklook VLP/AIPR [WellIPRVLP_Example.ipr] =SHECE X
D H D2 = oifieduits - |©
FT Input | Tubing Parameters ' Inflow Performance
Well Data ' Charts
| .
Wellhead pressure [psi] 100 D BE £
; MO TVD D &
Watercut fraction] 0.3 [feat] fest] finches]
Producing GOR [scf/etb] 300 0 1] 2441
= 200 200 244
Pipe roughness finches] (0.0018 — 400 40 2 441
500 £00 244
|00 200 241
Geothermal gradient [deg F/100/] 1.5 1000 1000 5 441
Heat Transfer Coefficient [ETU/hrft2-F] 153 1200 1200 2441
1400 1400 241
Guick Caleulate HTC 1600 1600 241
o 1800 1800 2441
o it 2000 2000 2441
Minimum Liquid Rate [stb/d] 50 2200 2200 244
Maximum Liquid Rate [stb/d] 5000 gggg Sggg ;:i}
Mumber of Points | 25 > 2800 2800 244
3000 3000 241
3200 3200 241
Set MD |ncrement 3400 3400 2441
3800 3600 2441 7
Import C5%
Calculate
Close

One of the main uncertainties with any vertical lift performance relationship is what value should the user
assume for the heat transfer coefficient [HTC] between the tubing and the rock formation along the total
length of the wellbore, assuming no knowledge of producing temperatures from offset wells. As a ready
reckoner, the user is provided with a quick HTC calculator, which is shown below.

With this ready reckoner, the user can quickly iterate for given well configurations for likely values of
HTC, for use with the ertical lift analysis.

.
Wl Quick Calculate Heat Transfer Coefficient @

Wellbore Diameter inches] 8.5

Flow Type | Tubing Flow - Auid in Annulus | Gas -

QD [inches] ID inches]
Casing Diameter 7 6.241 or, Select Casing Size |7 in 0D, 23 b/t -
Tubing Diameter 5.5 4767 or, Select Tubing Size |5.5in 0D, 17 IbAt -

Heat Transfer Coefficient [BTU/hrft2-F]

19.9162

Close

Once the user is satisfied with the input of well tubing parameters, they should press the Calculate

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved



Tools Menu Items 81

button as shown below, and the following screen should appear.

-

ill Quicklook VLP/IPR [WellIPRVLP_Example.ipr] (=3[ = ]
D H B |2 = oifeduis - || ©
F¥T Input | Tubing Parametess ' Inflow Performance
Well Data | Charts
Well Detail
Welhead pressure [psi] 100 b als
. WD VD D o
Watercut fraction] 0.2 [fest] [fe=t] finches]
Producing GOR [scf/sth] 500 0 0 2.441
- 200 200 2.441
Pipe roughness [inches] |0.0018 - 40 400 5 441
£00 500 2441
800 800 2441
i 15
Geothemal gradient [deg F/100f] 1000 1000 2 441
Heat Transfer Coefficient [BTUhrft2-F]  15.9 1200 1200 2441
VLP Calculations @ 2441
¥ 2441
i _ 2.441
Input Liquid Rates I.-"' "\-.I VLP Calculations completed successfully. 2441
Minimum Li "W Please proceed to Inflow Performance Data Input. 2441
Mazdmurm Li ;:ﬂ
2441
2.4
Set MO Increment ‘ 3400 3400 244
3800 3600 2441 7
Impart C5%
IE\Ealculate
Close

Charts of various tubing calculation results can be inspected in the Charts section of the Tubing
Parameters input tabs.

Once the user is satisfied with the Tubing Parameters input and calculations they should proceed to the
Inflow Performance Main tab in order to input the required data in this section.

3. Inflow Performance

Within the Inflow Performance sections there are three methods for inputting and calculating Productivity
Index, namely Constant PI, Vogel's or Fetkovich's method.

If the user has a knowledge of production liquids rate versus flowing bottom hole pressure [BHP] then the
user can choose to back calculate and best fit any of the above method's input parameters. The
example provided below is for the Vogel method. If the user selects the Yes button then the calculated
values ower write the original values in the input areas.
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Wl Quicklook VLP/IPR [WellIPRVLP_Example.ipr]

== ® |

D H B2 = olfieddunits - | ©

FYT Input | Tubing Parameters |In[low Performance
IPR Data ' Chart

PlMethod  |¥ogel

=]

Input Actual Data to Compare to :

Fluid R ate Flowing BHP
[bbls/d] [psi]
E84 1800
1836 1400
2948 1005 |

Reservoir pressurs [psi] 2000

Vogel PI best fit parameters

Vogel PI best fit parameters are:
Qmmax = 4589,77448280223

R Squared = 0.986240112815994

Reservoir Pressure = 1934,60407679633

Weuld you like to overwrite existing values with these best-fit values 7

[ Back Calt:,\élate ‘ [

Calculate

below.

Once the user in satisfied with the input IPR values, they should press the Calculate button as shown
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-

1l Quicklook VLP/IPR [Well[PRVLP_Example.ipr] (=[E] = )
D H B2 = olfieddunits - | ©

FYT Input | Tubing Parameters |In[low Performance

IPR Data Chart
PI Method |VDQE| |ZI| | Reservoir pressure [psi] 193460
Input Actual Data to Compare to : Constant Pl Method
Fluid Fiate Flawing BHP' - | P1bbl/d/psi]. J
[bhis/d] [psi]
684 1800 Vogel's Method
1836 1400
2988 1005 | Qmax [obl/d] 458877
4140 540
IPR Calculations =5

@ IPR Calculations completed successfully.

| Liquid Rate [bbl/d]  2.746.66

[ Back Calculate ‘ Calculate

The routine will calculate the intersection point of the VLP and IPR relationships to give a resultant nodal
analysis production rate and flowing bottom hole pressure.
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Wi Quicklaok VLP/IPR [WelIPRVLP_Example.i

O H D= = oifeduwits - |©
D’h’TIF;"JT hing F. " ‘{m

#*  Actusl Data —— IPR — VLP

The user can generate a Microsoft Excel report by selecting the Excel icon in the toolbar, as shown
below.

il Quickiook VLP/IPR [WellPRVLP Bxampleip] = @] %
O W B|® R orsms - |O
= rrr———

PuT | o Toha in o
— |Create Microsoft Excel Repor‘llli
IPR Data (Charl -

The user will be prompted for a report XLS filename, and a file similar to the following should be created.
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B C [D] E [ F |G|H|J|J|K|L|i
Pl Method Fluid Rate [bbls/d] Flowing BHP [psi]
Reservoir pressure [psi] 19346 684 1800°
1836 1400
Constant PI Method 2988 1005
Pl [bblidipsi], J 4140 590

Vogel's Method
Qmax [bblid] 458977

Fetkovich's Method
c
n

VLP /IPR Intersection Point

Flowing BHP [psi] 114823
Liguid Rate [bbl/d] 2,746.66

—.:|.;|:|;\a|:|a|s|j|s|w\w|~|o=|u|»|u|~EE

EEELECEECE CLERECEEE EEEREEEEEE

Inflow Performance
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13 Worked Example

13.1 Arkle Discovery

Given the following resenvoir information, calculate oil, gas and water production profiles and water
injection, together with the associated facilities sizing (assuming 80% uptime) and schedule for well
operations for the following West of the Hebrides discovery. As is always, you have 1 hour to generate
this forecast to then pass on to the economists !

The preliminary prospect estimates and discovery data are shown below.

Summary Details

Water Ultimate Recovery
depth Field Type STOOIP Recovery Factor
[ft] [mmstb] [mmstb] [96]
Arkle 1500 oil 1200 360 30%

Volumetric and Reservoir Properties

Resenoir Reserwir  Gross Porosity Net-to- Water o] Permeabilit
Gross Formation y
Area Area Thickness ratio Saturation  Volume
Factor
[acres] [km”2] [feet] [fraction] [fraction] [fraction] [rb/stb] [mDarcies]
Arkle 1855 7.51 800 0.27 0.55 0.2 1.14 800
Fluid Properties
Resenoir Initial API Solution Bubblepoint
Depth Pressure Temperature Gravity GOR Pressure
[ft tvdss] [psi] [deg F] [scf/stb] [psi]
Arkle 6900 3200 140 24 220 3100

13.1.1 Oil Production Profile

The following recipe was followed to calculate the primary phase oil production profile.

1. Calculate likely individual well production rates.

2. From analogues resenwir performance, obtain relationship of plateau offtake rate Vs field size and
cumulative production offtake prior to field decline.

3. Backsolwe decline rate for required field reserve level, and compare calculated decline rate to analogue
field experience. If the decline rate is greater or less than the expected range, iterate steps 2 and 3,
together with a critical review of likely field reserve level or recovery factor.

4. Once complete, proceed to calculate the Gas Production Profile

Individual Well Production Rates

Using the reservoir and fluid properties information provided for Arkle
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Volumetric and Reservoir Properties

Resenoir Reserwir  Gross Porosity Net-to- Water Qil Permeabilit
Gross Formation y
Area Area Thickness ratio Saturation  Volume
Factor
[acres] [km”2] [feet] [fraction] [fraction] [fraction] [rb/stb] [mDarcies]
Arkle 1855 7.51 800 0.27 0.55 0.2 1.14 800
Fluid Properties
Resenwoir Initial API Solution Bubblepoint
Depth Pressure Temperature Gravity GOR Pressure
[ft tvdss] [psi] [deg F] [scf/stb] [psi]
Arkle 6900 3200 140 24 220 3100

The following can be estimated for oil viscosity.

r

Wl PVT Calculations \ ‘ u
Wcas B Ol @ vater| D 3]
Solution GOR r._Bubeepoint"r.__Formation Wolume Facter [Viscusl;i' ( Compressibilty _

i 24
Sy Calculate Authar Area Date Walue
Gas Gravity 065
- = Chew-Connally D atabank. 1959
el Pl L~ Beggs-Fobinzon [ atabarnk 1975
Separator T deg F Bl Glago Marth Sea 1980
MeCain D atabank 1991
- = DeGhetta Databank 1994
i 3200 -
Reservoir P P = Dindomk-Christman Gulf of Mexico
Reservoir T 140 deg. F |~

GORatPb 220 seffsth =]

Undersaturated 7
| Fb 3100 psi |Z|

| Average 4.05780 cP II
| Standard Deviation  D.66173

Close

From the abowve the likely range for oil viscosity from low-mid-high values are 3.5 - 4.0 - 4.8 cP. These
values can subsequently be used in the estimation of well Pl, as shown below, assuming a horizontal
wellpath, given the likely low drawdown constraints, and to improve well productivity and reduce well
spacing.
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i Well PI Caleulations (3

S B2 E | o
Wertical Oil 'Well | Horizontal D 'wWel

Method Pzeuda Steady State [1996] - Economides -
lee, mD 800 Well Radius, ft 0.345
ky, mD 200
kz, mD 240

il FWF Bo, rb/sth 114 Well Length [L]. ft 2000

Ol Viscosity, cP 4 Well Height above Base [zw], ft 330
Major Length fe], ft 4427 75
Minor Length [ye]. ft 4427

Show Well Schemnatic
Thickness, ft 400

Skin Factor

() Calculate Skin @) Input Skin PI. sth/d/psi 142 1287

Skin facter 5.0000

Claze

" s

The likely range of well Plis 120 - 142 -160 bopd / psi, and given a prudent 80 psi drawdown, results in
an individual well target rate of 11 msth/d, +/- 2 mstb/d.

Buildup of Production Rate to Plateau

Given a water depth of 1500 ft, and the reserwir depth of almost 7000 ft with a reservoir section of 2000
ft. It was assumed that 6 development producers and 3 injectors wells would be predrilled, prior to the
production facility (most likely a FPSO) installation. These would then be tied back and first oil achieved
from 6 production wells, resulting in the first years production figure of 60 mstb/d.

Due to likely adverse weather sea conditions, it was assumed that in subsequent years two production
wells and one injection well per year would be drilled and tied back.
Plateau Offtake Rate and Onset of field Decline

From analogue fields nearby with similar geological settings and water depth, the following was
calculated for plateau offtake rates :

Plateau Production Offtake Rate = 10 - 10.5- 11%
Cumulative Offtake Rate = 40 - 45 - 50%

Given the abowe set of assumptions the following was put together as an initial pass at a field oil
production profile.
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13.1.2

i) D HRB )= Profile [Arkle Analogue2 ppd] (o] 50
- Home @ & About
Profile Type Field Profile 2 Screen capture
|Report Fort Tahoma -9 - |Style Blue | © Scheduler A8 Exporerts il GOR (2] RF|
Frequency Annual @ }- PDF Report
= =
\Units Oifield . |EP_; Resutt Baxes Colour ~ || 3% Global Ga/Gi retio | | Decimals 2 - 2] Bxcel Repott | ¢ Analyse & Well PI Q PVT 7‘|J VLP/IPR |
Profile Setup Global Settings COutput Cther Tools
{ Field Details | Main Results
Field Name / Description  |Arkle Discovery
J i’ | Buildup Production B87.680C |
[y vpe? |0OI -
Hydrocarbon Type? L |z| Month of First preduction  Jan 2011 @ Platesy offiske rate 1065% .
FERLE heres |Z| Year of final Plateau 2015 |
Field Schedue | Associated Production | Injectors / Gaslitt| Facilties Constraints | Tables # Charts Preduction to end of Flateau 164.3300
Prod'n to end of Plateau [%] 45 65%
Recoverable Oil [mmstb] Swing Factor Decline duration [Years] 16.25
Buildup to Plateau [in Msth/d] Plateau duration [years] ‘2 ‘ |1-1 | Total Field Life [Years] W
Vear 2011 50 - Decline Rate[fraction] |0.184814 'n’ Factor Total Production [mmsth] 360.0002
Year 2012 y
Year 2013 100l | ‘ DeclineType | Exponential El l:l Abandonment rate [msthid] 5.2108
e A0 105 Abandonment, Qa/Qi
Year 20015 Acres/Production well 13250
Year 2016 Back Sclve Decline Ra .
Yesants Back Solve Declne Ralg, | No. of Frocucion wells  [JR]
Back Solve Decline Rate | -
Ttz 20 | Calculate required number of Production \Wells 7 € ne 0. of Injection Wells 8wl
Year 2019 From Knowns [Recoverable N
‘ear 2020 ‘wiell Details Volume, Buildup and Plateau psenves/Production wel 257143
Volume] Backsolve Required N
Year 2021 ) Decline Rate No. of Workovers 47P 13w
Year 2022 | Use field decline rate ? .
Year 2023 - - Reservesi(Prod's+\n0's) 53016 |
Vea 2024 irst Year inal Year
Year 2025 Vel Qi [msthid] ‘11 ‘ |5 —{ Facilities Constraints Checks |—
Year 2026 o
Vea 2029 Gas Inject\on
P
‘ Caloulate ‘ [ wMain Results
ik

The offtake rate was iterated to 105 msth/d in year 2014 to give a
%, and the plateau duration was fixed to 2 years to give a "Produ
above Main Results Panel. The decline rate was then backsolved
favourably to the nearby analogue fields.

Gas Production Profile

The field value for undersaturated gas oil ratio is 220 scf/stb, with
psi compared with the bubble point pressure of 3100 psi.

similar mid case offtake rate of 10.6
ction to Plateau end" of 45.6%. See the
to 0.1848 per annum, which compared

the original resenvir pressure of 3200

The development assumption is for full voidage replacement, provided by water injection, akin to the

practice and experience of nearby analogues. Howeer, it is assu

med that some local gas breakout

would occur near to the end of production plateau. Therefore is was assumed that the GOR would
gradually climb to 300 scf/sth, with a resultant field recoverable gas recovery of 87.1 bcf (= 110% of 360
mmstb x 220 scf/stb ). The resultant input screen is shown below.

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved



Worked Example 91

Profile Type Field Profile

! Screen capture

| Iil.\' DEER )+ Profile [Arkle Analogue.ppd] (= [E oo
- Home @) 2 About

|Report Font Tahoma Mk - |Style Bue | © Scheduer A8* Bxponerts il GOR ] RF|
Frequency Annual }- PDF Report
b, - || s00 s . - = 5

nits Ciffield . |2 Result Boxes Colour ‘ ‘.p.n Global Qa3 ratio | ‘Dec:mals 2 o 2] Excel Repott H'Oc Analyse == Well PI Q Pyt 4] VLP/’\F‘F{l

Profile Setup Global Settings COutput Cther Tools

{ Field Details | Main Results
Field N ' D ipti Aride Discov
ield Name / Description ey | Buildup Production [—‘B?.SBDD .
Hydrocarbon Type? |0l |z| Month of First preduction  Jan 2011 E~

Field Area Acres |Z|

| Field Schadule"Associated Prcn‘hchun" Injectaors / Gasllft" Facilities Constraints ]| Tables / Ehalts]

|Associated Gas Production | dssociated Water Production |

|GOR v's Time | Gias Production v's Time |

| Calculate Associated Hydrocarbon Production ?

d Gas Prod

#® Use Simple Method

Recoverable Oil [nmsth] 360.00 |

Recoverable Gas [bef]  |87.1
Inifial GOR [scfistt]
Final GOR [scfistt]

Curve Type =10 64!%@

GOR (scfisth)

= Use Material Balance Depletion GOR

Calculate Depletion GOR

01/01/2 01/01/2 010122 01/01/2 010172 01/012
012 016 020 024 028 032

Plateau offizke rate 1065% |

Year of final Plateau 2015 |
Production to end of Plateau [W‘
Prod'n to end of Plateau [%] 45.65% |

Decline duration [Years] 16.25

Total Field Life [Years] 21.25
Total Production [mmsth] 360.0004

Abandonment rate [msthid] 5.2108

Acres/Production well 132,50

No. of Production Wells W
Ne.ofinjectioniells [ 8wl |
Resenves/Production wel [W
No. of Workovers [W
Reserves/(Prod's+n0's) [W‘

—{ Facilities Constraints Chechs ———

Gas Injection

‘ Calculate

z’h Main Results

13.1.3 Water Production Profile

From the input assumptions, it can be seen that the assumed ultimate recovery factor is 30%. This
ultimate recovery corresponds to an abandonment watercut of approximately 95%, and it is also
assumed that the watercut development would be "Moderate".

These assumptions are input as shown below to calculate the water production profile.
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Profile Ty Field Profile
e e |Heport Font Tzhoma

~|9 b |Stwe Blue

5 Screen capture

| l'l \ DEER ) Profile [Arkle Analoguel ppd] E@g
Home i@ ) About

| © Scheduler A8 Exporerts il GOR (2] RF|

Frequency  Annual - A PDF Report
b | : ) . -
\Units Oifield |2 Result Boxes Colour ~ ‘ ‘;’.E Global Qa3 ratio | ‘Dec:mals 2 = 2] Bxcel Repott | #¢ Analyse =B well I Q PVT i1 viLraPR|
Profile Setup Global Settings COutput Cther Tools
{ Field Details | Main Results
Field Name / Description  |Arkle Discovery
! P | Buildup Preduction 876800 |
¥ vpe? |0OI Jan 2011 - <,
Hydracarbon Type ? |z| Month of First preduction  Jan ] Plateau offiske rate 10.65% |
ARG Acres ] Year of final Plateau 2015 |
| Field 5 chedule | Associated Production| Irjectors / Gasift | Facilities Constraints | Tables / Charts | Preduction to end of Flateau [ 1643300 |
| Assacisted Gias Produstion | Associated Water Production Prod'n to end of Plateau [%] 45.65%
Decline duration [Years] 16.25 |
i A 1 b I ?
Calculate Associated Water Production ? 10 Total Field Life [Years] [T‘
Input Water Prod umption: N
Total Production [mmsth] 360.0004
® Predefined fw v's NpiM User defined fwv's Np/l Abandonment rate [msthid] 52108
0.8
Predefined fw v's Np/N - |Moderat
= oderate E Acres/Productionwell 13250
Final Recovery Factor [%] D - No. of Production Wells 14
£ | |
Apandoritrulzl (38| g e No. of Injection Wells swi
g |
aldCssa sl (Jim (f) 'f; Resenves/Production wel 257143
= I ; g :
Late Cunvature =0 ) : @ 2 . No. of Workovers 47P 13w |
™ " = Reserves/(Prod's+WQ0's) 59016
Ne/M [fraction] |] '
0.00000 —{ Facilities Constraints Checks |—
0.01633 0.00600 02
004838 0.03574
o oo IR | cos riecion |
Imnport C5Y 0.03736 012302 - 0.0 02 04 0.6 0e 1.0
Fractional Recovery (Np/N)

‘ Calculate

:fb Main Results

13.1.4 Water Injection Profile

As already mentioned, the development assumption is for full widage replacement, provided by water
injection, akin to the practice and experience of nearby analogues.

It is also assumed that the injectors will perform better than the producers, since the water viscosity is
lower than the oil viscosity and the likelihood that the injectors will be fractured (either hydraulically or
thermally) hence improving injectivity performance. It was assumed that individual injectors would be

capable to inject a constant rate of 20 mstb/d.
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. III mj = Profilz [Arkle Analogue2 ppd] E@g
Home i@ ) About
Profile Type Field Profile (Report Fort | Tahora - «|[styie e | 5 Screen capture |9 Scheduer A% Exponents dl GOR 3 AF
Frequency  Annual - A PDF Report
nits Ciffield . |EP_7 Resutt Boxes Colour ~ || £8 Global Gia Qi ratio || Decimals 2 - 3] Excel Report | #¢ Analyse =B well I Q PVT i1 viLraPR|
Profile Setup Global Settings COutput Cther Tools
{Field Details | Main Results

Field Name / Description | Ande Discovery |

Buildup Preduction 876800 |

Hydrocarbon Type? |0l |z| Month of First preduction  Jan 2011 @ Platesy offiske rate 1065%
FERLE heres |Z| Year of final Plateau 2015 |
Field 5chedule | Associated Production ‘Iniectors :"Easit| Facilities Constraintz | Tables / Charts Preduction to end of Flateau [ 164.3300
Prod'n to end of Plateau [%] 45 65%
V| Wy jection 7 jection 7
‘water Injection 7 Gas Injection 7 Decline duration [Years] 1625
‘water Injection Wwell\wWorkowers —M M Total Field Life [Years] 125
Freguency . 0004
® Joidage Replacement Constant Rate [Years] oo Enet) e .
Aband 1t rat thid
Well Water Injection Rate [mbbls/q] (20 | BT andonment rate [mstbid] 52108
Voidage Replacement [%] Water Injection Wiells Acres/Production well 13250

Bo lrbistt] B [ibisth] Gasinjectonwelis [ | No. of Production Wells 14
Field Injection Rate [mbbls/d I:I Me. of Injection Wells 8w
— (Gaslift Reguirement[mmsefid] ——— N
S— Resenves/Production wel 257143
Gas Injecion —————————————— =
: Total Field Gaslift Requiremeni I:l Mo. of Workavers 47P 13w
Gas Injection Rate [mmscf/d] I:I or, Individual Well Requirement Reserves/{Prods+WQ's) 59016
njection (as % of Prod'n) I:I
orfmecti [ ]

Fuel Gas and Flare [Facilities Constraints Checks | Facilities Constraints Checks |———

Fucl Gos and Ferc mscid] | OilSepason Vst jectn
_ _Gas Injection

A Mt
‘ Calculate ‘ [ wMain Results

[

Workowers were also tentatively modeled to occur every 5 years per producer and every 10 years per
injector, to give an approximate idea of when to schedule workover batches.

Also, it is assumed that 3 mmscf/d per producer will be available for gaslift to enable liting these wells at
mature watercut levels. This assumption, together with the assumption of 5 mmscf/d for fuel and flare
gas, will help size the total gas compression requirement.

13.1.5 Facilities Sizing

Now that we are happy with the oil, gas and water production profiles and water injection assumptions,
we input the 80% uptime figure in the "Quick Calculate Facilities Constraints" section, as shown below,
then press the Calculate button. The routine then searches through each of the production and injection
streams, finds each of the maximum values, then multiplies the maximums by the (1 / Uptime).
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13.1.6

II \ DEHR )= Profile [Arkle Analogue2.ppd] E@g
| ' -
Home i) & About
Profile Type Field Profile L Screen capture
|Report Fort Tahoma Mt - | |Styie Blue | D Scheduler A Bponerts dl GOR (2 AF
Frequency  Annual - A PDF Report
= =
nits Ciffield |EP_7 Resutt Baxes Colour ~ || 3% Global Ga/Gi retio | | Decimals 2 - 2] Excel Repott | ¢ Analyse & Well PI Q PVT 7‘|J WLPAIPR|
Profile Setup Global Settings COutput Cther Tools
{ Field Details | Main Results
Field Name / Description  |Arkle Discovery
J i’ | Buildup Production B87.680C |
y wype? |0 Jan 2011 v o,
Hydrocarbon Type? |z| Month of First preduction  Jan @ Plateat offtske rate 10.65% .
FERLE heres |Z| Year of final Plateau 2015 |
Field 5cheduls | Sssociated Production | Injectors # Gaslift |F acilities Constrants | Tables / Charts Preduction to end of Flateau [ 164.3300
Prod'n to end of Plateau [%] 45 65%
q 8 : Yt ater . L Gas o
‘rear Spstem Uptime 0l Separation Tatal Liquids 2 Water Injection  Gag Injection P =
] %] [etbéd] metbrd] F'['fnfﬁf,“cf]” [metbid] mmsctid] C[?n“:nps'zfjﬁ” ‘ L PerlaCreiatt=d 1635
@ 150 o0 175 00 0 @ | & Total Field Life [Years] 21.25 |
Total Production [mmsto] [ 3600004 |
Abandonment rate [msthid] 5.2108
Acres/Production well 132,50

No. of Production Wells W
Ne.ofinjectioniells [ 8wl |
Reserves/Preduction well [W
Mo. of Workavers [W
Resenvesi(Prods+wi0's) [ 58016 |

—{ Facilities Constraints Checks |—
Quick Calculate Facilities Constrainks

System Uptime Oil Separation  Total Liquids Pr:éaﬁlrion Water Injection  Gas Injection Gas
1%]

[mtbid] [mstt] [mtbic] [mstt/] el | iater Produstion _
Cacuae | (80 | [[am3 [ ess | [ wsz ([ eee | oo | [ g

:t Main Results

‘ Calculate ‘

[

The user can then input approximate facilities constraints into the table above, then press the main
application Calculate button to allow the application to run through the Facilities Constraints Checks
traffic light system, as also shown abowe.

Results

Now that we are happy with all the input and calculations with regards to the production and injection
profiles, we can inspect the output tables and charts.

For example, the output Field Production table below highlights an interesting observation with regards
to workover scheduling. There appears to be three logical perdiods in which to conduct batch workover
programs, first in 2016 or 2017, then in 2021 and finally in 2026. The workowvers proposed for 2028
onwards can probably be ignored, since it is unlikely that there will be any workover operating cost work
done when the field is so close to final abandonment.
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Month of First production  Jan 2011

Year of final Plateau

ITabIes}'Cha‘Is Production to end of Plateau

Prod'n to end of Plateau [%]

Average Curnulative Oil Average " Decline duration [Years]
Producers Injectors wiorkovers 0il Production [mmeth] Gag Production [bef] e FEs
[mstbid] [rmsct/d] 1 [Years]
Al G000 21.90 13.20 Total Production [mmsth]
Tl 8000 51.18 17.60
2l 100.00 87.68 2200 ]
105.00 12601 2310
108.00 164.33 2313 Acres/Production well
9511 19314 a1
7905 22799 17.92
E5T1 251.98 15.43 No. of Injection Wells
54.62 2.9 13588
4541 28853 12.00
FT4 302.31 1057 No. of Werkovers
37 3T 923
2608 32328 796
21.68 Iz E79 e
1802 1780 572 (=t s tins)
14.98 34328 477
1245 34781 356
1035 35160 326
860 354.74 268
718 357.35 220
5.95 353.52 1.80
1.32 360.00 0.40

Calculate

No. of Production \Wells

Resenves/Production wel

Reservesi(Prod's+\n0's)

Select Chartto Display |0 Production Rate =
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With the following calculations exported as an Adobe 'pdf file or a Microsoft Excel file, and available to
email to the Facilities Design Engineer, and Economists for future cashflow forecasting, the job of
generating the field life production and injection profiles is now complete.

Time taken to complete = between 5 minutes and 1 hour, depending on how familiar the Engineer is with
representative analogue data.

] Arkle Discovery.pdf - Adobe Acrobat Pro E@

File Edit View Document Comments Forms Tools Advanced Window Help x

i Create - @ Combine = (] Secure ~ A Sign - [S] Forms -y Multimedia = Comment ~
) = C)l a9 7 ik & @@ 5% -0 (] .

Producers Injectors Workovers Average Cumulative Average  Cumulative Average  Cumulative Watercut Average Cumulative Average  Cumulative Average  Cumulative Average Average  Average
oil ol s Ga: Gas i

Gas Water  Water  [percent] Liqud  Liquid  Water  Water GasLift Gas Gas Sales Gas
Production [mmsth] Production [bcf] Production [mmsth] Production [mmstb] Injection Injection Injection Injection [mmsci/d] Compressi [mmsci/d] Sales [bcf]
mstb/d] [mmscf/d] [mstb/d] [mstb/d] [mstb/d] [mmbbl] [mmscffd] [bef] on
[mmscf/d]

& 5. 199.. 56 30 .2943 34 225.¢ 257. . 3

rl 79. 227 A 3 50.2¢ 4030 A 278.24 310.1¢ .

» 85.7: 251.98 48 66.58 74 .5044 55 326.63 1. 361.9: 48 .48 7

® 545 11 5 7584 | 10380 | 05938 5. 3t 21 a7 5 5 1 [
2020 41 | osa 12,00 y 519 13744 6653 2 | 4 58 256, sL00 7.00 17
2021 AW 74 302.. 10.57 . 10270 | 17492 | 07313 140.44 477.. .72 513. X K X 43.57 557 2
2002 1 E 313 23 1 21576 | 07810 T ) 6 573 X 4823 a3 7
2023 2WT 323. 96 EX 2519 | 0.8202 145. 582.¢ L7: 627, X 4 X 46.96 .96 i:>
2024 331. .79 4. 30458 | 0.8515 145, 635. ! 552 A K X 45.79 .79 48
2025 1wl 3374 72 7.4 351.2¢ 8763 145. 639.¢ . T36. X 4 X “.72 .72
2026 343. 477 7. 397.7: 8947 142.. 741 4. 789 A 4 X 43.77 .03
2037 . 344 396 . = 368 | 0905 5 751 X Ba0.14 T X X 4256 .90
2028 ). 3514 3.26 .. 23.3¢ 48878 | 09226 .. 840. . 889.60 X 4 X 42.26 .00
205 354 268 .45 1852 | si2i5 | 093 %6 D 3655 X 4158 .00
2030 1 » 715 | 35735 2.20 8630 | 1041 | 5245 | o0s3% | 11756 | sme0 | usss | smes 0.00 0.00 a2 Feee) 0.00 275
2031 5P AW 595 353.52 1.80 2695 10146 60948 0.3445 107.41 969.00 108.24 1013.34 0.00 0.00 42.00 43.80 0.00 5275
2032 1w 132 | 36000 040 .10 Bs2 | 6820 | 0% 14 | 520 2532 | 1maen 0.00 0.0 1044 1084 000 275

11.00x850in < n v
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