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1 Welcome to UKFields

1.1 Introduction

c’\" o8 )+ UKFields - UK Oil and Gas Field Production Analysis Software =@ =]
[
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UKFields is a production analysis database containing all UK oil and gas
producing fields monthly production and injection data to December 2009. The
intent of this application is to periodically re-publish the database once the data
becomes available.

Through the use of this application, the user can quickly :

= Analyse the production and injection history of any field in the UK, based on
a rate or ratio Vs time basis or rate or ratio Vs cumulative basis, for all
available data to December 2009.

= Export the field production and injection histories of any field to any external
package via copy and paste and the windows clipboard.

=9 Display presentation quality charts of field production and injection histories,
and export any of the charts within the application via the clipboard or by
saving as JPG / PNG / etc.

=P Obtain well statistics [maximum rates, cumulative recoveries, etc] on a field-
by-field basis, for all available data to July 1999.

= Perform field level decline curve analysis on the oil or gas rate Vs time
basis, or any rates and ratios displayed on a cumulative basis.
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= Examine the key production profile statistics for any UK oil and gas field for
analogue field comparison. Figures are calculated for peak offtake rate,
cumulative offtake, decline curve parameters, associated hydrocarbon (gas
or condensate) and non-hydrocarbon (water) development with time and
versus cumulative hydrocarbon phase.

= Contrast the production and injection performance for similar fields to enable
field acquisition analysis, and future potential production and reserves
optimisation.

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

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.

&2 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 [Dotnetfx2.exe], you must have one of the following operating systems, with
Microsoft Internet Explorer 5.01 or later installed on your computer:

o Microsoft® Windows® 98
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® 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
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Application Options

Chart Display Options

Any part of the chart displays can be changed to suit specific user preferences. These options can be
accessed hy selecting the Application Options button on the bottom left corner of the application, as
highlighted below.

By scrolling up and down within this Application Options property grid and selecting the various options,
the user can change any part of the Chart Appearance.

G J@“ 98 )-
Application Options « | [Field Details| Tim| | application Options « | |Field Details | Ti
4 Application Setup - Watercut Colour None -
Application Units Qilfield M Qilcut Colour None
Treeview Sort Location Sort 40.00 Water Oil Ratio Nene 40,
Result Boxes Colour [] Thistle Gas Qil Ratio None

4 Set Marker Colours Condensate Gas Rat None
Oil Colour Il Green Water Gas Ratio  None
Gas Colour I Red Regression Series  Cross
water Production Co [l Blue 4 Series
Total Liquids Colour [l Purple Series Shadew Dept 1
Water Injection Colo. [ Cyan 4 Change Legend
Cumulative Oil [ Lime I Legend Font Microscft Sans Serif,

Cumulative Gas [ Firebrick Type Row '
Cumulztive \water Pr [l DarkBlue = 30.0 Pasition Top 0,
Cumulative Total Lig [l DarkViolet Alignment Center o
Cumulative Water Inj [ Teal Placement Inside
Watercut Colour [ Cyan O
Qilcut Calour I Red S >

I+ Bois Font Microsoft Sans Ser -
vister Qi Ratio E Cyen soxis Label Colour [ Firebrick
Gas Qil Ratio Red =
Condensate Gas Rat [l Green ]  facis Colour I ik | =
Water Gas Ratio Il Blue = X Aucis Style Solid 2
RegressionSeries [l Black =t X Buis Width 1 %

4 Set Marker Styles = X Grid Colour [ Silver =
OilStyle Dizmond £ XGridStyle Dot < 2
Gas Style Dismond B 3 X Grid Width 1 4
\elater Froduction St Diamond £ Y Axis Colour Il Black H
Total Liquids Style  Diamond =} Y Auis Style Selid -3
‘Water Injection Style Diamond ¥ Betis Width 1 =}
Cumulative Oil Nane ¥ Grid Colour [ sitver
Cumulative Gas Nene Y Grid Style Dot
Cumulative Water Pr None Y Grid Width 1
Cumulative Total Lig MNone 4 Change Chart Area =
Cumulative \Water Inj None 10,04 Transparent ChartA False
‘Watercut Colour ~ Nene Back Colour [ vihite 10,
Oilcut Colour None Fore Colour it
Water Oil Ratio None Gradient Style None
Gas Oil Ratio Nene Shadow Depth 4
Condensate Gas Rat None 4 Change Chart Border
Water Gas Ratio Nene Border Colour M Biack
Regression Series  Cross Border Style Solid

mkonee Pppou are) Border Width 1

, Series Shadow Dept 1 Border Back Colour [ White
Changelegend _ b’ Border Fore Colour [ Antiquelihite

Border Gradient Typ Center =]
Axis Font — -
O EJX . Set Auxis Font
[application Options} @z

Treeview Navigation

Selecting an oil or gas field for analysis could not be easier, and is done with the Fields Tree View panel.
To select a field simply single right mouse click on the field name within the Field View panel, as shown
below.
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[ J@:‘ ENZDE
Fields Tree View « | |FieldDetails|Ti| | Fields Tree View « | [Field Details | Tim
@ Home o ® Home -
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@ Welland South 40, : Welland South 140}
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® Wren @ Wren
=0 Quad 9 =1 Quad §
g Bend =
-4 Boa - B
® Buce ~@ Bruce 1204
& Buckland 4@ Buckland
.-y Crawford & Crawford
gy Giyphon -4 Gryphon
- -4 Handing
- g Harding 30, -& Keith
- & Leadon ooy
@ Leadon & Lmhe
@ Linhe - Madure
- Maclure
- Mess
Q= - Nevis =
FOL=E = & Skene T oal
& Scere 2 @ Tulich 2 -
O z =3 Onshore 2
5@ Onshore g -0 Quad 97 =
=+ Guad 97 s o @ Wareham 2
() e g & Wyich Fam 3
-4 Wytch Fam E =31 Quad 99 & 60l
-0 Guad 53 z - Homdean 3
& Homdean o @ Lidsey
-y Lidsey - Singleton
-4 Singleton # Storington
-4 Stomington -1 Quad J
E-{] Quad J @ Blswick 404
i@ Elswick @ onville
L fronwville 10, =3 Quad K
=0 Quad K @ Trumfiest
L@ Trumfleet 21 Quad N
=13 Quad N -4 Rempstone =i
'@ Rempstone = Quad O
-3 Quad 0 -4 Long Clawson
gy Long Clawson =HZ1 Quad @
E-I1 QuadQ & Goodworth —
i g Goodworth - -y Stockbridge
L. Stockbridge =3 Quad R =
=1 Quad R = - @ Abuy
©- @ Abury & Brockham L
& Brockham B & Hemiard -
Hermiard p
® A E
RE:
|Fia|d57ree\}\ew|

The user can choose to sort the FieldView docking panel, either alphabetically or by UK Quad Location.
The selection between these two options is also highlighted below.
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UKFields - UK Oil and Gas Field Production Analysis Software @E@

J_@:\ oE)-

) About @

@@

Application Options « | [Field Details| Time Analysis | Cumulative Analysis | Predictions
4 Application Setup -
Application Units  Qilfield W Field Name
Treeview Sort Locaton Sot [~ 40,000 20, 0 Heather
Result Boxes Colour
4 SctMorker Colours [T —— Oil Rate — Cumulative Oil *  Decline Regression Utimate Recovery [mmstb]
Oil Colour [ Green Bo Bw
Gas Colour I Red
Vater Production Co [lll Blue Decine Fit
Tetal Liquids Colour [l Purple _
Vater Injection Colo [ Cyan © Exponential Decine
Cumulative Oil [ Lime ) Harmenic Decline
CumulstiveGas [ Firebrick i
Cumulative Water Pr [l DarkBlue = 1@ Hyperbolic Decine
Cumulative Totel Liq [l DarkViclet
Cumulative Weter Iy I el Initial Production Rate  17955.6
Watercut Colour [ cyan Final Production Rate 38682
Oileut Colour I Red
\ater Oil Rafio I Cyan Cumulative Production  38072650.1
Gas Oil Ratio I Red = Time [days] 47190
Condensate Gas Rat [l Green a
Water Gas Ratic [l Blue e
Regression Series [l Black = =
4 Set Marker Styles < E
Oil Style Diamond £ B Select root
Gas Style Diamond i = °
Vater Production St Diamend = 2 0.000567/day 0.207031/year
Tetal Liquids Style  Diamond =] T
Vater Injection Style Diamond
Cumulative Oil None
CumulativeGas  None B Prediction
Cumulative Water Pr None
Cumulstive Total Lig Nene @
Cumulative WaterInj None 10.000-] Qa 1000
Vatercut Colour  None
Dilcut Colour Nene
Vater Oil Raio  Nene
Gas Oil Ratio Mone Hps
Condensate Gas Rat None =
Vater Ges Ratie Nene
Regression Series  Cross
4 Series Appearance
Series Shadaw Dept 1
4 Change Legend b T T T T T
R = an-138 Jan-1986 Jan-1992 Jan-1998 Jan-2004
Set Treeview Sort Type: either Alphabetical or by
Location
Select Chart to Display 0il Froduction +] [ Seve Time Forecast

The user can also choose to auto Hide the Panel by selecting the Arrows icon, as shown below. Once
selected the Panel should collapse, as shown below. To recover the Fields Tree View Panel just select

the Arrows icon again.

F@' EI=DE

Field Details| Time Analysis | C

{..@ Buckiand
g Crawford
i@ Gyphon

A Ui

2.3 Units

@ga -

» | |Field Details| Time Analysis |Cumulstive Analysis | Predictions

== Qil Rate

The database application units are stored in metric units, however within the application the user can
choose to work in either Metric or, more commonly, Oilfield units.

To switch between units, simply select the Qilfield Units or Metric Units menu item as shown below.
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Application Options

4 Application Setup
Application Units QGiffield [~]
Treeview Sort
Result Boxes Colour Metnc
4 Set Marker Colours
Cil Colour B Green
Gas Colour B F=d
\water Production Co [l Blue
Total Liguids Colour [l Purple
\wfater Injection Cole [0 Cyan

| »

il ativea Olil [ | ime

Field Detzilz | Time Analysis | Cumulativ

AD 0DD
LA

13
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3 Field Detalils

3.1 Overview and Field History Data

Once the application launches successfully, the following should be displayed.

EI=DE UKFields - UK Oil and Gas Field Production Analysis Software (= E ki
€ About @
Fields Tree View « FieldDelﬁs [Time Analysis | Cumulative Analysis | Predi
@ Wissey ~
@ Wren Field Name Heather Field Type ol STOIIF MMsib] 4640
=3 Quad 8
& Benl Location Cffshors DiscoveryDate  Dec-1973 GIIF [TCF]
& Boa
- @ Bruce Quadrart /Bock ~ 2/5 Production Start Oct-1978 35 AP| Gravity
& Bucdand | Trassic
& Craord Operstor Londin O1 Reld Stats Producing [ urassic - Middle Jurassic - BrentGroup
@ Gyphon
& Harding Field History [\Well History|
& Keth
4 Leadon Month OilRate | GasRaie | \alerRate liguidRate | VlRete | OilVolume | GesVolume | \Water Volume LiquidValume | W1 Volume -
bblsid] [Mcid] [bbls/d] [bbisic] [bbis/d] bbls] [Mcl] bbls] Tbbls] [bbls] M
& Limhe
& Maclre Oct-1978 77618 5.137.7 00 77618 0.0 2406167 159.263.1 0o 2406167 00 |E
g Ness Nov-1972 138198 9.0629 00 13819.8 0.0 4145829 2718878 00 4145529 00 [
& Nevis Dec-1978 12.635.8 8.108.7 00 126358 0.0 W|ITI05 2513692 0.0 3917105 0.0
& Skene Jan-1578 18,7776 113283 00 16,7776 0.0 520,104.4 3514858 0o 520,104.4 0.0
@ Tulich Feb-1979 155304 103232 00 155304 0.0 4248523 2890505 0o 4348523 0.0
(21 Onshore Mar-1979 14,162.0 92547 00 14,1620 0.0 4390225 2068964 0o 4390225 0.0
- Quad 7 Apr1579 14,0357 90547 00 14,0357 0.0 421074 2715404 00 4210714 0.0
~ @ Wareham May-1578 2356568 157310 00 215568 0.0 7202596 4878802 0o 720,2596 0.0
& Wytch Fam Jun-1973 213929 14,3048 00 21329 0.0 641787.1 4251438 00 641,787.1 0.0
=00 Quad 99 Jul-1573 178878 118874 00 17.887.8 0.0 5545223 3685085 0o 5545223 0.0
& Ez’”dea” Aug-1979 204330 13.089.2 0.0 20,4320 0.0 §134216 4057655 0.0 5134216 0.0
* - ST; Sep-1879 183918 11,4961 00 123918 0.0 5517547 3448830 0.0 51,7547 0.0
: S;';fm;rn‘n 0Oct-1978 155462 93561 00 15,6468 0.0 4850513 250,033 4 0o 4250513 0.0
S5 Qe Nov-1973 138015 88240 00 13,8015 0.0 4140456 0o 4140456 0.0
T @ Howick Dec-1979 133855 84129 00 133855 0.0 4149514 0o 4149514 00
B Tomvile Jan-1980 143387 883186 00 143387 25802 4445009 00 4445009 79,9875
503 Qued K Feb-1980 135250 73503 00 135250 45397 922263 2131593 0.0 392,263 1316520
@ Trunflest Mar-1880 11,8220 64216 00 11,8220 77304 3664221 1990682 0o 3664821 2396418
=3 Quad N Apr-1580 11,3880 66709 00 13380 249847 2413393 2001282 0o 3419393 748403
& Rempstone May-1980 11,0346 6.4045 00 110346 256117 3420713 198.539.1 0o 42,0713 792,962.8
£+ Quad 0 Jun-1980 12.878.4 6.933.4 00 128794 220834 326.383.1 2080034 00 386,383.1 6615018
.4 Long Clawson Jul-1520 12,8261 73248 128 128383 21.0%.1 W76104 270733 39%6.3 98,0066 652737.7
=0 auweda Aug-1380 123805 79731 73 130278 198342 4027051 2471674 11573 403.8624 6148604
~ @ Goodworth Sep-1980 142716 98163 13 142828 197481 81474 2944830 3336 4284870 5924435
g Stockbridge 0Oct-1980 17564 21 173173 01272 536,118.3 64,4474 7.0 536.835.3 9339425
= QuedR Nov-1980 131384 214 197928 332429 3941823 64186 997,287.2
@ Aoy — | [Dec-1320 188057 123058 2356 190313 49%3 4000738 69943 1,083,685.1
¢ i’“c"’:"‘ Jan-1981 182338 11,3326 3003 185340 4428 3513102 95,3089 5745553 10886577
: Hm:w - =|| |Feb-1381 19.202.1 122996 4124 196145 410365 5376593 3443886 11,5481 5492074 11430226
; Mar-1981 210837 13,3648 4705 215043 394506 £52,045.8 4143117 145861 5666318 12232486
g Humbly Grove Gas Storage !
& Paimers Wood | | Aer1981 208850 135126 5121 213830 393434 6253494 4083722 15,5421 6414915 11202018
| | May-1381 21,0881 140826 5631 216712 402630 6537314 4365538 18,0765 6718084 12423072 -
) =] n v
|

Copy and Paste Datatable Information to External Applications
Any of the table data can be copied as pasted into external applications via two methods.

1. Either press the right mouse button once ower any of the tables to activate the table context menu, as
highlighted below, then select the various menu item to copy a specific table to the clipboard.

Manth Qil Rate Gas Rate \water Rate Liquid Rate
[bblsid] [Mctid] [bbls/d] [bbls/d]
Oct-1978 7.761.8 51377 0.0 7.761.8
Nowv-1978 } ancio an 13.818.8
Dec-1578 D Copy Field Table to clipboard I:} 126358
Jan-1979 16,7776
Feb-1979 D Co il Well Table to C“prEI"d 165304
:::E;;a |:| Copy Prediction Table to clipboard ::31[;222
May-1979 235568 15731.0 0.0 235568
lun1870 711074 14204 2 nn 711074

2. Or, simply select and drag an area with the mouse, then press the standard windows CTRL+C keys
to copy the selected area to the clipboard.
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Vonth 0il Rate ‘ Gas Rale | Viater Rate ‘ Liquid Rate ‘
[bbls/d] [Mcfid] [bbls/d] [bbls/d]

Oct-1978 7.761.8 5137.7 0.0 77618
Nov-1978 138198 90629 0o 138198
Dec-1978 126358 81087 0o 12,6358
Jan-1979 16,7776 11,3383 00 167776
Feb-1979 e 10,3232 00 15,5304
Mar-1979 141620 92547 0o 14,1620
Rpr-1579 14,0357 9.0547 00 14,0357
May-1979 23556.8 157310 0.0 23.556.8
Jun-1979 213929 14,3048 0o 213929
Jul-1579 17,8878 11,8874 00 17,8878
Bug-1979 204330 13,0892 00 204330
Sep-1979 18,3918 11,4961 0o 183918
Oct-1979 15,6468 9.356.1 0o 15,6468
Nov-1979 12,8015 28240 00 13,8015
Dec-1979 13,3855 84129 0o 13,3855
Jan-1980 143387 86316 0o 143387
Feb-1980 13,5250 73503 [0 13.525.0

Well History Data

Summary well data has also been incorporated into the database. Based on UK published well data to
July 1999, individual wells have been summarised in the database and presented by field in the formats
presented below. From this data, the user can approximately determine the range of peak production
rates and likely well cumulative production volumes for any field with data up to July 1999.

| Field Name Gryphon | Field Type oil | sTolPMmstb] 3000
| Location Offshore | Discovery Date Jul-1387 | GlIP [TCF]
| Quadent /Block 918 | Production Star Aug-1993 21 AP Gravity
Teriary - Eocene - Balder
| Operator Maersk | Field Status Producing
Field History| Well History,
ViellName | Months on ‘ Max Oil Rate ‘ Max Gas Rate ‘ Maxc Wiater Rate ‘ Cumulsti ‘ Cumulsti ‘ Cumulativ
on [bbls/d] Mcfid] [bbls/d] Qil [bbls] Gas [Mc] \ilater [bbls]
18- 2 2 105298 28735 1184 4847620 235678 £5232
9/18b- 10 &0 10,3538 88178 64635  BO40579.1 11010878 37400785
9/18b-7 63 85655 65878 51377 83106259 7826537 1,8978182
318b- 8 40 on 0o 20,3695 0.0 00 17.302.9477
9/18b-A1 ] 28013 142628 26662 107747283 26466390 7100315
9/18b-A11 57 77378 45307 16588 61299612 6131747 6384346
3/18b-A13 52 95357 547258 £240.1 35812646 4793400 29195287
9/18b-A14 46 116964 75566 §5382  BTT922%63 9718826 40573428
9/18b-A15 44 78737 23622 203562 33228565 1559055 135835626
3/18b-A17 1 16333 67677 26292 48,8371 36,6885 20,0253
9/18b-A18 23 125141 40666 17427 37712697 2402833 £69,399.4
9/18b-A13 1 50490 14759 10750 1536783 77302 327196
3/18b-A2 3] 99585 42791 52832 82138201 £51272.1 59113060
9/18b-A3 30 124157 30526 80191 3,571.044.9 1684727 1,673,102.1
9/18b-A4 61 00 724970 46,1625 00 4556716 62.838.1622
Minimum 0.0 0.0
Mverage 25870 £,7502
Maximum 12.514.1 724970

Again, the user can copy and paste the data table information to any external package via the two
methods discussed in the previous section.
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Time Analysis

Oil Production

Within the Time Analysis section, the user can display numerous production and injection rates and
ratios versus time.

The user can also perform decline curve analysis on both the Oil and Gas production rate, for
exponential, harmonic and hyperbolic decline curve equations.

Field D etails J/Time AnalysisV Cumulative Analysis V Predictions ]

\ Field Name

‘ Heather
| == 0i| Rate = GOR ‘ Ultimate Recovery [mmstb]
I —

Decline Fit

- 2500.00

10.000 — (%) Exponential Decline
() Harmenic Decline

O Hyperbolic Decline

| Initial Production Rate

' [
1.000 | Final Production Rate
[

| Cumulative Production

| Time [days]

Fit Decline Rate
= Select root

L 1000 00 [
[

. M Prediction
-500.00 | Qi |Use deciine frend |

| Qa

1 r 0.00 [ Npa

Jan-1380 Jan-1985 Jan-1380 Jan-1385 Jan-2000 Jan-2005 |

- 1500.00

Oil Froduction Fate [bbls!d]
oey |0 SED

[

J

Ta

Select Chartto Display  [SIIZCET [ Save Time Forecast

y

The user can choose between linear and logarithmic Y axis display by selecting the chart context menu
with a single right mouse click. See screen capture provided below.
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40,000 — 3000.00
‘ — OilRate = GOR '
- 2500.00
Y Axis Type F[[+ | Linear
30,000 2 s Type v Logarithric | l
. Set Y2 Axis 3 !
ié Regress Decline Exponents 3 - 2000.00
=
= 2 Change Marker Size
0 E
ﬁ 3 Change Marker Style and Colour
@ (9]
b Copy Chartto Clipboard E
"% 20.000 [ save chartto File FIELULL =
£ : =
a 4
=
| ]
* - 1000.00
N -{‘
10,000 i ‘
l - 500.00
) fie
T T T T T 0.00
Jan-1980 Jan-1985 Jan-1990 Jan-1995 Jan-2000 Jan-2005

Many other production ratios are provided as a secondary Y axis display, to help in the field production
profile and decline cunve selection. These can be changed again via the chart context menu as shown
below.
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Ul — A

=== (Ji| Rate = GOR % Decline Regression
) | - 2500.00
Y Axis Type 3
10,000 — |
¥2 Axis Type L4

W | Setvamds 8 None

@

—E Regress Decline Exponents 4 Cumulative

= 2000.00

E Change Marker Size Oilcut
% 1,000 5 Change Marker Style and Calaur Watercut
=1
'% Copy Chartto Clipboard | Water 0il Ratiq ! o
) o
z B save Chartto File Gas Oil Ratio ' ® 50000 ©
= ! ! Condensate Gas Ratio =
= =
E Water Gas Ratio =
. 00
o 100 Cumulative Voidage

' l 1000.00
- 1000.00

10+ rww“ N

— 50000

1 o

T T T T T
Jan-1580 Jan-1985 Jan-1990 Jan-1995 Jan-2000 Jan-2005

The user can also choose to display the secondary Y axis as either linear or logarithmic. See screen
capture provided below.
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00,000 — —10.00
S Jt-] ¥l 11j'|
== il Rate === WOR l ™I W, Al
Jonr flll,v\_ﬂ-f’ l ',\_1
" A ";” W,
¥ Axis Type » Wy
10.000 Y2 Rxis Type 4 | Linear | L1
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Regress Decline Exponents

To select points for decline curve analysis, first select the Regress Decline Exponents then Select
Points menu item, as shown below.
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00,000 — —10.00
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@
ﬁ | Regress Decline Exponents » E'glact Points
S
= e E Change Marker Size _ELFE selection -
I ,000 = _ 0.10
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o " .
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o - o
3 E
B =
= - 0o
= 100+ —0.01
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Once the user has selected 2 points a message box will pop up acknowledging the fact that 2 points
were digitized. The user can them choose to fit a decline type, either Exponential, Harmonic or

Hyperbolic.
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Examples of each decline type are shown below.
Decline Fit Decline Fit Decline Fit
(%) Exponential Decline (") Exponential Decline (") Exponential Decling
) Harmenic Decline (*) Harmenic Decline () Harmenic Decline
(:} Hyperbelic Decline {:} Hyperbelic Decline @' Hyperbolic Decline

| Initial Production Rate |4071.7 | Initial Production Rate [4071.7

| Initial Production Rate [4071.7

| Final Production Rate |2251.1 | Final Production Rate [2251.1 | Final Production Rate [2251.1

| Cumulative Production [3383183.2 | Cumulative Production | 3383163.2

| Cumulative Production | 3383163.2

| Time [days] 1186.0 | Time [days] 1186.0 | Time [days] 1186.0

Fit Degline Rate Fit Qecline Rate
e

&

Fit Decline Rate

Select root Select root | Selectroot |Root 1 w
Root 1
| & |0.000500/gay 0.182515iyear | | a |0.000682/day 0.249072iyear | [ 2 [0.00050fTEER <

[ n

[ on]

n |[0.000000

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

e n = additional hyperbolic constant decline exponent, typically between 0 and 1
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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 curves
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."

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

Exponential Equation Harmonic Equation
t t

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). Typically, the
value of 'n" at Root 2 is between 0 and 1.

Once the user has selected the Decline Type and pressed the Fit Decline Rate button, they can then
approximately calculate the likely Ultimate Recowery at abandonment and Abandonment date. Should
the user want a more accurate prediction of the Ultimate Recovery at abandonment and Abandonment
date, then they should use
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| Field Name

s]

| Heather

| Ultimate Recovery [mmstb]
[o [ [ o

Decline Fit
6,000 - ecline Fi

=== (il Rate #  Decline Regression

@ Exponential Decline
O Harmonic Decline

O Hyperbolic Decline

‘ Initial Production Rate |4071.7
| Final Production Rate |2251.1
‘ Cumulative Production |3383163.2
[ Time[days 1186.0
Fit Decline Rate
Select root
a |0.000500/day 0.182515/vear
2,000 -
1 )
Prediction

‘ Qi |Use decline trend
\ Qa [1000

»_Predict
\ Npa [113,181,758.2
\ Ta [08-Sep-2010

| Select Chart to Display |on Production v| Save Time Forecast

Oil Production Hate [bbistd]

T T
Jan-2002 Jan-2004 Jan-2006

For completeness, the equations used to calculate these Ultimate Recowveries and abandonment dates
are provided below, where qi is the first digitized point and the Initial Production Rate.

Exponential Decline
Ultimate Recowery Equation Abandonment Time Equation

1
Npa:_x(qi_qa) h’l%
a T = d;
‘ —-a

Harmonic Decline
Ultimate Recovery Equation  Abandonment Time Equation

N =L & %y
Ta=qi7
a

Hyperbolic Decline
Ultimate Recovery Equation ~ Abandonment Time Equation

(1-n) " n
N T T O d; _
Now (1-n)><ax1 (an [ qa) 1

n
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Assuming a decline curve analysis has been performed on the Oil Production Rate, the user should
press the Save Time Forecast button to ensure that the digitized points, decline and prediction

parameters are sawved.

Offtake Rates, Formation Volume Factors and Chart Tooltips

Once the user has determined the likely Ultimate field Recovery based either on the Rate Vs Time
analysis or any of the Rate or Ratio Vs Cumulative analysis, then they can choose to input this figure
into the Ultimate Recowery input box, as shown below.

Also, should the user calculate a more accurate Cumulative Voidage Replacement, they can input
values for produced Oil and Water formation wlume factors as shown below. Once the user presses the
Save Time Forecast button, as shown below, the calculation of Cumulative Voidage Replacement is
updated and can be displayed in the Y2 axis by selecting Set Y2 Axis = Cumulative Voidage chart

context menu item.

Field Name
Heather
Ultimate Recovery [mmstb] 118
Bo 1.45 Bw |1
Decline Fit
(%) Exponential Decline
OHﬂrmunic Decline

(:) Hyperbolic Decline

Initial Production Rate [4071.7
Final Production Rate |2251.1
Cumulative Production [3383163.2

Time [days] 1186.0

Fit Decline Rate

Select root

a |0.000500/day 0.182515/vear

n

Frediction

Qi |Use decling trend |+

Qa |1000

Mpa |113,181,758.2

Ta |08-Sep-2010

l Save Time Forecast l

Field Name
Heather
Ultimate Recovery [mmstb] |118
Bo 1.45 Bw |1
Decline Fit
(+) Exponential Decline
OHﬂrmunic Decline
{:} Hyperbelic Decline
Initial Production Rate |4071.7
Final Production Rate |2251.1
Cumulative Production [3383163.2

Time [days] 1186.0

Fit Decline Rate

Select root

a |0.000500/day 0.182515hyear

n

Prediction

Qi |Usedecling trend | »

Qa |1000

Mpa |113,181758.2

Ta |08-Sep-2010

_D\ Save Time Forecast ‘
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Once the Ultimate Recowery figure has been input into the text box, the user should press the Save
Time Forecast button, as shown above. This will then enable the calculation of monthly, annual and
cumulative offtake rates, which are displayed in the form of chart tooltips. See below.

A0 oo
40,000 — —10.00
2

R
‘—DiIF{ate —— WOR % Decline Regression p"'“ll/""g‘__

v L

/ﬂ“ el N
Mo, R
Yl Ve |
M

e ',;/‘ ?Ill-,(]' | ‘

-0.10
Date : Dec-1986

Qil rate : 23,879.8 bbls/d
Gas rate : 18,190.5 Mcf/d
Water rate : 15,105. 1 bbls/d
Liquid rate : 38,984.9 bbls/d
Water injection rate : 41,908.6 bbls/d
Cumulative Qil : 60,800,911.5 bbls L 001
Cumulative Gas : 41,408,318.4 Mcf e
Cumulative Water : 18,237,588.3 bbls
Cumulative Liguid : 79,038,499.8 bbls
Cumulative Water injection : 95,346,330, 3 bbls
Oilcut : 0.6125

R Watercut : 0.3875
10000+ Water Oil ratio : 0.63
Il Gas Oil ratio : 761.75 cfjbhl
—‘J Monthly Offtake Rate : 0.54% —0.00
Annual Offtake Rate : 7.66%
Cumulative Offtake Rate : 52.41%

‘ 7 0

‘ -1.00

30,000+

0 OO0
“u il —

Oil Production Rate [bblsid]
aney |10 JBIEH,

=]

T T T T
B5 Jan-1930 Jan-1995 Jan-2000 Jan-2005

o

T
Jan-1980 Jan-1

Zooming and Unzooming within a Chart Area

Zooming within the chart area also couldn't be easier. Just single left-mouse click and drag the area of
interest for zooming, as shown below.
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To unzoom simply single left mouse click one of the unzoom icons provided at the extremes of the axes

scroll bars, as shown below.
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152

8.047 -

il Production Rate [bblsid]

Pa
[

&

SO0

T T
Jan-2000 Jan-2002 Jan-2004 Jan-2006

4.2 Gas Production

All of the same functionality that was presented in the Oil Production section is also available for Gas

Production analysis, including decline curve analysis, chart tooltips, ultimate recovery and abandonment
prediction.

Two specific examples are provided below, although the equations and methods are identical to the Oil
Production section.
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Field Name

Galahad

Ultimate Recovery [bcf]
-

Decline Fit

|
|
|

== (Gas Rate ®  Decline Regression

I

80,000+ (%) Exponential Decling
r O Harmonic Decline

O Hyperbolic Decline

‘ Initial Production Rate |55618.3
60,000 ‘ Final Production Rate |13827.7

‘ Cumulative Production | 75996703.7
ha ‘ Time [days] 3045.0

Fit cline Rate
+ &
40 0004
e Select root

=
-

20,000 Prediction

‘ Qi |Use decline trend
4 ‘ Qa
|

| 4 ‘

Gas Production Rate [Mcfid]

[

Npa

T T T T
Jan-1358 Jan-2000 Jan-2002 Jan-2004 Jan-2006 ‘

Ta

Select Chart to Display Gas Production v| Save Time Forecast

|

Field D etails J/Time AnalysisV Cumulative Analysis V Predictions ]

\ Field Name
100,000 . 1000.00 ‘ Galahad ‘
| == (Gas Rate —WGR %  Decline Regression ‘ Ultimate Recovery [bcf] 140
I —
( Decline Fit
80,000 L 100.00 @ Exponential Decline

() Harmenic Decline

v O Hyperbolic Decline
.
| Initial Production Rate |55618.3
E2) T J ! ¥ Axis Type v LTI | Final Production Rate [13627.7
5 0,000 0.00
= R
= Y2 Axis Type 4 g | Cumulative Production |7T5996703.7
s Set Y2 Axis » N ) :
= & | one & [ Timemdays  [30450 |
'% E Regress Decline Exponents 13 Cumulative &
E} = ] y "
B g Change Marker Size Qilcut %. Fit Decline Rate
o E
w 0.000— iy L L 1.00
E 40,000 Change Marker Style and Colour Watercut 1.00 Select root
D Copy Chart to Clipboard Water Oil Ratio
I savecharttoFile Gas Oil Ratio a |0.000462/day 0.168700/year
H Condensate Gas Ratio n I:l
b Water Gas Ratio
20,000 - ! Lo Prediction
Cumulative Voida |
Qi |Use last rate L
[ Qa [10000
1
+ )
‘ ; . . . 001 | nea | ]
Jan-1998 Jan-2000 Jan-2002 Jan-2004 Jan-2006 | =
a

| Select Chart to Display ‘Gas Froduction v| Satelianelatecast

Assuming a decline curve analysis has been performed on the Gas Production Rate, the user should
press the Save Time Forecast button to ensure that the digitized points, decline and prediction
parameters are saved.
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4.3  Water Production
Water Production rate versus time is displayed as the primary Y axis in this display.

No decline curve analysis can be performed while within this display. All other chart functionality that
was presented in the Oil Production Time Analysis section is available.

Field Name

350,000 —

Forties

=== \n/zter Rate =— Cumulative \water 1 Ultimate Recovery [bef)

Bo Bw

Decline Fit
(%) Exponential Decline
() Harmonic Decling

250,000 —

O Hyperbolic Decline
Initial Production Rate
Final Production Rate
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ Cumulative Production

Time [days]

Fit Decline Rate

Select root

apB|W N

150.000

Water Production Rate [bbls!d]

a

n

Prediction

Qi | Use last rate b

Qa

Mpa

T T T T
Jan-1380 Jan-1986 Jan-1992 Jan-1998 Jan-2004

Ta

Select Chartto Display | Water Production w Save Time Forecast

4.4  Liquid Production

Liquid Production (Oil + Condensate + Water) rate versus time is displayed as the primary Y axis in this
display.

No decline curve analysis can be performed while within this display. All other chart functionality that
was presented in the Oil Production Time Analysis section is available.
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4.5

Field D etails J/Time AnalysisV Cumulative Analysis V Predictions ]

600,000 — —5.000.000.000

| == Liquid Rate = Cumulative Liguid i

hhhhhh

i}
k)
=
= o
o =
8 2
z S
= &
&
E
200,000
Jan-1980 Jan-1986 Jan-1992 Jan-1998 Jan-2004
Select Chartto Display | (IR r e v

Field Name

\

‘ Forties
‘ Ultimate Recovery [bef]

[ e[

Decline Fit

@ Expenential Decline
() Harmenic Decline

O Hyperbolic Decline

| Initial Production Rate

[
| Final Production Rate

[

[

| Cumulative Production

| Time [days]

Fit Decline Rate
Select root

Frediction

| Qi |Use last rate L
| Qa

| Npa

J

| Ta

Save Time Forecast

Water Injection

Water Injection rate versus time is displayed as the primary Y axis in this display.

No decline curve analysis can be performed while within this display. All other chart functionality that

was presented in the Oil Production Time Analysis section is available.
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Field D etails J/Time AnalysisV Cumulative Analysis V Predictions ]

500.000 —

Field Name

Forties

—2.000.000.000

‘ == sfater Injection Rate

= Cumulative Water Injection

Ultimate Recovery [bef]

400,000 -

300,000 —

200,000 —

‘Water Injection Fate [bbls!d]

100,000

] — e —

@ Expenential Decline

L 1.500.000,000 () Harmenic Decline

O Hyperbolic Decline

| Initial Production Rate

| Final Production Rate

| Cumulative Production

[

[

[
| Time [days]

Fit Decline Rate
Select root

—1.000,000.000

aAIE|NL N

500,000,000

Frediction

| Qi |Use last rate L

| Qa

| Npa

[

T
Jan-2004
| Ta

J

Select Chartto Display (MG ONEETI v Satelianelatecast
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5 Cumulative Analysis

5.1 Oil Rate

Within the Cumulative Analysis section, the user can display numerous production and injection rates

and ratios versus Cumulative Production.

The user can also perform linear or semi-logarithmic decline curve analysis for Oil Rate, Gas Rate,

Oilcut, Watercut and Water Oil Ratio versus Cumulative Production.

Field D etails V Time Analysiz J/Cumulalive AnalysisV Predictions ]

600,000 —

Oil Production Rate [bbls!d]

o

Cumulative Qil Production [bbls]

Field Name

Forties

Qil Rate

[JRegress Log ¥ Values

| Gradient
| ¥ Intercept
| X Intercept

| Prediction Setup

| Initial value | Use decline trend
| Final value

| Npa

Watercut versus Np Chart

STOIP [MMsth]

| | |
| Recovery Factor [%]
[ Apandont fw 1

Customise Curvature

Early Curvature |1 3:
Late Gurvature |1 33

——
Select Chart to Display Qil Rate v

Regress Decline Exponents

The method to regress decline exponents is identical to the Oil and Gas Rate versus Time Analysis,

presented is earlier sections.

First select the Regress Decline Exponents then Select Points chart context menu item, as shown

below. Then digitize two points on the chart
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=== (Jj| Rate
200,000 -
Y Axis Type L4
Y2 Axis Type ]
1 Set Y2 fxis »
150,000
Regress Decline Exponents L4 ” Sd?gt Points |
i Change Marker Size End Eelection
Change Marker Style and Colour ;

Copy Chartto Clipboard
Save Chart to File

Cumulative Analysis

0o E

Oil Production Rate [bblsid]

50,000
1.932,244.419 2132544419 2332544419 2532544419 2732544419 2532544413

Cumulative Oil Production [bbis]

Once the user has selected two points, a message box will popup notifying the user that 2 points have
been selected. The application will automatically fit a straight line between these 2 digitized points, and
report the gradient and intercept of this line, as shown below.

The user can choose to fit a semi logarithmic straight line, by selecting the Regress Log Y Values
check box, also shown below, assuming this is checked then the application will automatically update
the fit, and report the revised gradient and intercept of this line.
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Field D etails V Time Analysiz J/Cumulalive AnalysisV Predictions ]

250, ’v‘m—E | === (il Rate

\ Field Name

Forties

% Decline Regression i

Qil Rate

[JRegress Log ¥ Values

[ Gradient |-0.000396252048
200,000 —

| ¥intercept [1017940.8453031400
[ xintercept [2,568,822,807

| Prediction Setup

| Initial value | Use last value L
" | Final value |5000]

4
100.000
| Mpa

Watercut versus Np/N Chart

150,000 —

Oil Froduction Fate [bbls!d]

[ sTouPmmsty] | |

L
0,000 |Racwer}' Factor [%]
[ Apandont fw 1

Customise Curvature

Early Curvature |1 3:
Late Gurvature |1 33

1.877.685.925 2077685925 2277.685,925 2,477 685925 2,677.685.925 2,877 685,925

Cumulative Oil Production [bbls]

| Save Forecast

| selectchantoDisplay | oilRate -

The user can also calculate an approximate Ultimate Recowvery, by selecting between using the decline
trend or last production value and inputting a final abandonment production value. The user should then
press the Predict button, as shown above, to extrapolate the line to the abandonment value. See
calculated result below.

Oil Rate

[JRegress Log ¥ Values

| Gradient |-0.000396252048

Y Intercept |10175940.8453031400

| Xintercept |2,568,822,607

| Prediction Setup

| Initial value |Use last value w
| Final value 5000
Predict s
LA
| Npa |2,690740,660.0

52 Gas Rate

Again, all of the same functionality that was presented in the Oil Production vs Cumulative analysis
section is also available for Gas Production analysis, including decline curve analysis, chart tooltips, and
ultimate recovery at abandonment prediction.
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Two specific examples are provided below, although the equations and methods are identical to the Oil
Production section.

| Field Name

[ Galahad

Gas Rate

[JRegress Log ¥ Values

Y Axis Type 13 ‘ Gradient
Y2 Axis Type 3 | ¥ intercept
Set Y2 Axis 4 ‘ X Intercept

Regress Decline Exponents > Select Points

Change Marker Size End Selection ‘ Prediction Setup

Change Marker Style and Colour ‘ Initial value |Use lastvalue v
Copy Chartto Clipboard ‘ Final valus,
I savecharttoFile
‘ Mpa

Watercut versus Np/N Chart

Cumulative Analysis

Gas Production Rate [McHd]

20,000 [ sToiPmamsts) | |

| Recovery Factor [%]
[ Abandont fv (5]

Customise Curvature

Early Curvature |1 E:
Late Gurvature |1 Eﬁ

25917244 45917244 65,917 244 85,917 244 105917244 125917 244

Cumulative Gas Production [Mcf]

| Save Forecast

Select Chart to Display Gas Rate ~

| Field Name

[ Galahad

== (Gas Rate #  Decline Regression

Gas Rate
[JRegress Log ¥ Values
‘ Gradient |-0.000516143377

[ ¥intercept [ese16.1761884724
| Xintercept [145,771,552

\ Prediction Setup

‘ Initial value | Use last value b
| Final value [s000

Predict b\
\ Npa |129,655,168.4

Watercut versus Np/N Chart

Gas Production Rate [McHd]

20,000 [ sToiPmamsts) | |

| Recovery Factor [%]
[ Abandont fv (5]

Customise Curvature

Early Curvature |1 E:
Late Gurvature |1 Eﬁ

25917244 45917244 65,917 244 85,917 244 105917244 125917 244

Cumulative Gas Production [Mcf]

| Save Forecast

Select Chart to Display Gas Rate ~
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5.3 Oilcut, Watercut and Water Oil Ratio

Again, all of the same functionality that was presented in the Oil Production vs Cumulative analysis
section is also available for either Oilcut, Watercut or Water Oil Ratio versus Cumulative Production
analysis, including decline curve analysis, chart tooltips, and ultimate recovery at abandonment

prediction.

Specific examples are provided for completeness below, although the equations and methods are

identical to the Oil Production section.

Field Details V Time Analysis yl:umulalive AnalysisV Predictions ]

= Qilcut =——WOR

Oilcut

Cumulative Oil Production [bbls]

oY (I JB1BAY

Field Name

Andrew

Qilcut

[JRearess Log ¥ Values

| Gradient
| Y Intercept
| X Intercept

| Prediction Setup

| nitial value |[Use last valie  +
| Final value

| Npa

VWatercut versus Np/N Chart

[ sTopmmsto) | |

| Recovery Factor [%]
[ apandont fw ]

Customise Curvature

Early Curvature I 3:
Late Curvature I 33

| Save Forecast

Select Chart to Display

Qilcut

~

Regress Decline Exponents

The method to regress decline exponents is identical to the Oil and Gas Rate versus Cumulative

Analysis, presented is earlier sections.

First select the Regress Decline Exponents then Select Points chart context menu item, as shown

below. Then digitize two points on the chart
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—100.00

=== WOR

\ ‘ — Oileut

Y Axis Type

uuuuu

Y2 Axis Type
Set Y2 Axis

A —10.00

| Regress Decline Exponents

V|| seletpoints | ;} v

Change Marker Size

Cumulative Analysis

Change Marker Style and Colour

T
End Selection

D Copy Chartto Clipboard
E savechartto File

/ - 100

Oilcut

/J

uuuuuu

aNEY 1) B,

Cumulative Oil Production [bbls]

Once the user has selected two points, a message box will popup notifying the user that 2 points have
been selected. The application will automatically fit a straight line between these 2 digitized points, and
report the gradient and intercept of this line, as shown below.

The user can choose to fit a semi logarithmic straight line, by selecting the Regress Log Y Values
check box, also shown below, assuming this is checked then the application will automatically update
the fit, and report the revised gradient and intercept of this line.
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= Dilcut = WOR *®  Decline Regression i

Oilcut

—100.00

L1000

f-1.00

—0.10

Cumulative Oil Production [bbls]

QIR 0 SR

| Field Name

| Andrew

Oilcut

[JRegress Log ¥ Values

| Gradient [-0.000000008963
‘ Y Intercept |1.4187917858
| Xintercept [158297,923

\ Prediction Setup

‘ Initial value | Use last value b

| Final value [0.05
e

)

Mpa |165380,546.3

Watercut versus Np/N Chart

[ sToiPmamsts) | |

| Recovery Factor [%]
[ Abandont fv (5]

Customise Curvature

Early Curvature |1 E:
Late Gurvature |1 Eﬁ

| Save Forecast

| selectcharttoDisplay | Oilcut

The user can also calculate an approximate Ultimate Recowvery, by selecting between using the decline
trend or last production value and inputting a final abandonment production value. The user should then
press the Predict button, as shown above, to extrapolate the line to the abandonment value. See

calculated result below.
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Field Mame
Andrew

Oilcut

[IRegress Log Y Values

Gradient |-0.000000008563
Y Intercept |1.4187317858

X Intercept | 158,297 923

Prediction Setup
Initial value |Use last value L

Final value |0.05

Mpa |165,380,546.3

Watercut versus Np/M Chart

STOIIP [MMstb]
Recovery Factor [%]

Abandaon’t fiw [%]

Early Curvature EI:
Late Curvature 3:

Save Forecast [% I

Watercut v's Np/N

The Watercut versus Np/N chart can be seen as a measure of the waterdrive efficiency of a specific oil
field, which is typically linked to the degree of vertical permeability heterogeneity and the oil / water
viscosity contrast. The chart requires additional estimated values for original in-place wlumes (STOIIP),
a likely abandonment ultimate recovery factor and an abandonment watercut. See below.

This chart can also be used as a data source for our other application Profile, which is a generic
Production Profile Generation and Analysis application. See our homepage for more details www.
PetroleumSolutions.co.uk.
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Field D etails V Time Analysiz J/Cumulalive AnalysisV Predictions ]

\ Field Name

Forties

1.0000

| Gradient
| Y Intercept
| X Intercept

| Prediction Setup

Initial value | Use decl
| Final value

Watercut

| Mpa

Watercut versus Np/N Chart

| sTonP mmsts)  [¢198.0 |
|Recuvery Factor [%] \

| Apandont fw 1

Customise Curvature

Early Curvature |1 3:
0.0000 Late Gurvature I1 33

0.5000

| Save Forecast

Watercut vs MNpin v

| setect cnartto Display

Once these 3 additional values have been input the user can start to iterate values for early and late
watercut curvature.

| Field Name

| Forties

w—rfatercut % Decline Regression i Oilcut

‘ Gradient
‘ Y Intercept
‘ X Intercept

\ Prediction Setup

Initial value Used
‘ Final value

Watercut

Npa

Watercut versus Np/N Chart

STOIIP [MMstb] |419€ 0
| Recovery Factor [%] |70

| Abandontfwiw%] o5

Customise Gurvature —— |

Early Curvature I g

Late Curvature

0.2000 0.4 :’I'C'C 0 5: 00 0.8000

Np/N

| Save Forecast

Select Chart to Display Watercutv's Npih ~
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Negative values of early curvature generally translate to a delayed water production breakthough,
potentially implying good piston-like waterdrive efficiency. Highly positive of early curvature translate in
rapid water breakthrough, potentially implying an adverse or poor waterdrive application, with likely high
permeability streaks and/or high oil / water viscosity contrast. This situation will likely create poor
vertical and/or areal sweep efficiency and create a high potential for bypassed ail.

Field Name

LTI Forties
w—rfatercut % Decline Regression Oilcut

Gradient

Y Intercept

X Intercept

Prediction Setup

Initial value

Final value

Watercut

Npa
Watercut versus Np/N Chart

STOIIP [MMstb] 4186.0
Recovery Factor [%] |70

Abandon't fiw [%] 95

Customise Curvature

Early Curvature |:4 3:
C-.GC-C-E - — e e —T— - Late Gurvature FB 33

Np/N

Save Forecast

Select Chart to Display Watercutv's Npih ~

Negative values of late curvature generally translate to a longer period of high water "tail" production, that
asymptotes slowly towards the abandonment recovery factor and watercut lewvels. A positive value for
late curvature, when combined with a negative value for early curvature is typically the best character for
a waterdrive displacement process, and implies a delayed water breakthrough followed by a rapid
watercut development to the likely high value of ultimate recovery factor. This is the ideal piston-like
waterflood displacement process.

Should the user wish to sawe this match of watercut vs Np/N, they should simply select the Save
Forecast button, as shown below.
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| Field Name

| Forties

Oilcut

ess Log ¥ Values

| Gradient
| ¥ Intercept
| X Intercept

| Prediction Setup

’m Use decline trend
| Final value

Predict
| Mpa

‘Watercut versus Np/M Chart

STOIIP [MMstb] 4195.0
Recovery Factor [%] |70

| Abandontfw[%] |ss

Customise Curvature

| Early Curvature I—‘l j

| Late Gurvature I—Q j

-
"3

I Save Forecast

45
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6 Predictions

For all the decline cunes that were saved during the Time Analysis and Cumulative Analysis sections,
the user now has the ability to forecast on a monthly basis the likely future oil, gas, water and liquid
production profiles.

For the QOil and Gas rate versus time, the prediction setup is simple and is highlighted at the top of the
screen capture below. The uses the calculated and saved decline curve parameters and the user can
change whether to forecast from the decline trend or use the last historical production rate; the user
should also input the final abandonment prediction rate. Once the user presses the Calculate
Predictions button, the application will simply progress monthly using the decline curve and prediction
parameters until the abandonment production lewvel is reached

For Oil and Gas rate versus Cumulative Production, the application progresses from month to month
using the gradient and intercept relationship together with Newton-Raphson iteration to ensure that the
monthly extrapolated production rates follow the original decline parameters.

The oilcut, watercut and water-oil ratio prediction methods use a similar extrapolation technique to the oil
and gas rate versus cumulative production, however need to be linked to an oil production rate forecast
or assume a constant liquid rate in order to convert these forecasts to time. As such the application
provides three methods to generate this time forecast; namely

1. Link to Oil Rate Vs Time Prediction
2. Link to Oil Rate v Cumulative Prediction
3. Input Constant Llquid Rate Value

Examples of these options are highlighted below.

Field Details V Time Analysiz V Cumulative Analysis _J//Pledictiuns]

Predictions Setup|” Prediction Ciatts | Prediction Tables |
Rate vs Time Prediction Setup

Qil Gas
Decling + | | Exponential v
‘a'value |0.0005668201223¢
‘n'value |0.6670125700265¢
Initial Rate |Use last rate ¥ || Use decline trend | v

Final Rate 1000

Cumulative Prediction Setup

Qil Gas Qilcut ‘Watercut ‘Water Qil Ratio
Log Y Fit? O Ne O MNe 0 Neo [0 No O No
Gradient |-0.0005529645770 -1.1797788205412
Y Intercept |63391.764860669: 1.3442340890804"
Initial value |Use last valug b w | |Use last value v v v
Final value (1000 0 0.05 0 0
Convert to Time Options | Link to Oil Rate v's Time Prediction -

Input Liquid Rate

E Calculate Predictions
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Once the user has successfully input all the appropriate data for a time forecast to be calculated and
pressed the Calculate Predictions button, as shown abowve, then the Prediction Charts tab should

contain an active chart with the predictions displayed.

Fredictions Setup | Prediction E.ans}/Predictiun Tables |

Production Rates

10000

£

| === Time Analysis Oil Rate

= Cumulative Anzlysis Oil Rate

Jan-1981

T
Jan-2016

Field Name

Heather

Select Chartto Display Qil Production v

The user can zoom in and scroll around the chart area to examine and compare the range of time

forecasts calculated.
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s

=== Time Analysis Oil Rate = Cumulative Analysis Oil Rate

5000 —

4000

Production Rates

2000 -

T T T
Jan-2004 Jan-2006 Jan-2008 Jan-2010 Jan-2012 Jan-2014 Jan-2016

Assuming an oilcut, watercut or water oil ratio forecast was successfully calculated then the user can
switch to the water production rate prediction chart, as shown below, and again choose to zoom in the
examine these forecasts.

30000 —
Cumulative Dilcut Analysis
‘water Rate
25000 —|
20000 — I
3
=
g 15000
E
2
a
10000 |
5000 —
Jan-1981 Jan-1388 Jan-1385 Jan-2002 % Jan-2009 Jan-2016
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Cumulative Qilcut Analysis
Liguid Rate

Production Rates

T T T T
an-2004 Jan-2006 Jan-2008 Jan-2010 Jan-2012 Jan-2014 Jan-2016

All of the forecasts that were calculated are reported in the Prediction Tables tab. The user can copy and
paste the data from this table to external applications, via the two methods discussed below.

1. Either press the right mouse button once over any of the tables to activate the table context menu, as
highlighted below, then select the various menu item to copy a specific table to the clipboard. See
screen capture example below.

2. Or, simply select and drag an area with the mouse, then press the standard windows CTRL+C keys
to copy the selected area to the clipboard.
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Fredictions Setup | Prediction Charts | Prediction Tables|
Qilrate Time Qilrate Time Qilrate Cumulative Qilrate Cumulative Qilcut Cumulative Qilcut Cumulative Qilcut Cumulative Q &
Month Qil Rate Cumulative Month Oil Rate Cumulative Month Oil Rate Cumulative ‘Water Rate
[bbls/d] 0l [bbls] bbls/d] 0il [bbls] [bbls/d] 0il [bbls] [bbls/d)

Mzy-2007 19354  111193797.0 May-2007 19354 111,193,797.0 May-2007 19354 111,193,797.0 43065
Jun-2007 19238  111,255358.4 Jun-2007 19018 111,254,654.0 Jun-2007 19233 111,255,358.4 42952
Juk-2007 19126 111,314,649.6 Juk2007 1,869.7 111,312,658 Jul-2007 1,212.6 111,314,649.6 42842
Aug-2007 19012 111,375486.6 Aug-2007 1837.2 111,371,406.9 Aug-2007 1,901.2 111,375,486.6 42729
Sep-2007 18898 1114359597 Sep-2007 1,805.3 111,429,175.9 Sep-2007 1,889.3 111,435,959.7 42616
Oct-2007 18788 1114942043 Oct-2007 17749 111,484,196 4 Oct2007 18789 111,494,204.3 42507
Nov-2007 18677 111553.969.4 Nov-2007 1744.0 111,540,004.2 Nov-2007 1,8677 111,553,969.4 42394
Dec-2007 18568 1116115333 Dec-2007 17146 111,593,156.9 Dec-2007 1,856.9 111,611,533.3 42285
Jan-2008 18459 111,670,601.0 Jan-2008 1,684.8 111,647,070.2 Jan-2008 1,845.9 111,670,601.0 42172
Fen-2008 18349 1117293183 Fen-2008 1,655.5 111,700,046.2 Feb-2008 1,834.9 111,729,318.3 42059
Mar-2008 18247 111,784,060.7 Mar-2008 16285 111,748,900.7 Mar-2008 18247 111,784,060.7 4,195.4
Apr-2008 18140 111,842,107.4 Apr-2008 1,600.2 111,800,106.0 Apr-2008 1,814.0 111,842,107.4 41842
Mzy-2008 18038 1118980188 May-2008 [P cony ruldTabletocipbaare 5.2 May-2008 1,8036 111,898,018.8 41733
Jun-2008 17930 1119553936 Jun-2008 23 Jun-2008 1,793.0 111,955,393.6 4,162.0
Juk-2008 17828  112.010658.9 Juzogs | L) CosyWell Tbleto dlioboard 6.0 Jul-2008 1,782.8 112,010,656.9 41512
Aug-2008 17723 112,067.371.8 Aug2008 [ CopyPradictianTablatacl'\pboag%%s8 Aug-2008 17723 112,067,371.8 4,140.0
Sep-2008 17619 1121237521 Sep-2008 TAG7 2 TTZ 0302007 Sep-2008 17619 112,123,752.1 41288
0ct-2008 17518 112,178,060.9 Oct-2008 14427 112,084,923.6 Oct2008 17519 112,178,060.9 4,117.9
Nov-2008 17417 112.233,7937 Nov-2008 1417.6 112,130,286.5 Nov-2008 17417 112,233,793.7 4,106.7
Dec-2008 17318 112,287.479.8 Dec-2008 13937 112,173,491.2 Dec-2008 173138 112,287,479.8 40959
Jan-2009 17217 112,342574.6 Jan-2009 13695 112,217,314.1 Jan-2009 17217 112,342,574.6 40847
Fen-2009 17117 112,397,387 Fen-2009 13457 112,260,375.1 Feb-2009 17117 112,397,348.7 40736
Mzr-2009 17027 112,446,727.0 Mar-2009 1324.4 112,208,783.2 Mar-2009 17027 112,446,727.0 4,063.5
Apr-2009 16928  112,500897.2 Apr-2009 13014 112,340,427.7 Apr-2009 1,692.3 112,500,897.2 4,052.4
Mzy-2009 16833 112,553,080.3 May-2009 12795 112,380,090 8 May-2009 16833 112,553,080.3 40416
Jun-2009 16736  112,606,634.9 Jun-2009 1257.2 112,420,321.6 Jun-2009 1,673.6 112,606,634.9 40305
Jul-2009 16642  112,6582258 Juk2009 1236.0 112,458,638.3 Jul-2009 1,664.2 112,658,225.8 40197
Aug-2009 16546 112,711,735 Aug-2009 12145 112,497,503.3 Aug-2009 1,654.6 112,711,173.5 4,008.6
Sep-2009 16451 112,763.816.2 Sep-2009 1193.4 112,535,692.6 Sep-2009 1,645.1 112,763,816.2 39975
0ct-2008 16359 112,814520.8 Oct-2009 11733 112,572,065.0 Oct-2009 1,635.9 112,814,520.8 3,986.5
Nov-2002 16265  112,866578.5 Nov-2002 11529 112,608,957.8 Nov-2009 1,626.5 112,866,578.5 39757
< »

Constant Liquid Rate Prediction

As discussed abowe, the user can choose to forecast the oilcut, watercut or water oil ratio prediction
with time assuming a constant liquid rate. This is illustrated with the example below.

The user should select the Input Constant Liquid Rate Value from the Convert to Time Options
dropdown list box, as shown below.
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Rate v's Time Prediction Setup

Qil

| Gas

Decline | Hyperbolic

s | | Exponential W |

‘' value |0.0005668201223| | |

Initial Rate | Use last rate

w | | Use decline trend | |

Final Rate | 1000

|
|
| n'value |0.6670125700265¢ | |
|
|

Cumulative Prediction Setup
| oil | Gas | Oileut | Watercut | Water Oil Ratio
Log Y Fit ? 1 Mo ] Mo ] Mo O Neo O Neo
| Gradient |-0.0005529645770] | || -1.1797788205412] | |
| Ylntercept |63391.764860669:) | |1.3442340800804° | |
| Initial value |Use last value v | | v| |Use last value v| | v| | v|
| Final value |1000 ||o | [0.05 IE |0 |
| Convertto Time Options | Link to Qil Rate v's Time Prediction v

Link to Qil Rate v’z Time Prediction

Input Liquid Rate |Link to il Rate v's Cumulative Prediction
Input Conztant Liguid Rate Value

The user should then input a constant liquid rate value in the appropriate input box, as shown below.
Then the user can press the Calculate Predictions button.

Cumulative Prediction Setup

| oil | Gas | Oileut | Watercut | Water Oil Ratio
’m 0 Mo 0 Mo [0 Mo [ Mo [ Mo
| Gradient |-0.0005529645770| | ||-1.1797788205412] | || |
| Ylintercept |63391.7648606697) ||1.3442340800804-| | || |
| Initial value |Uselastvalue V|| V||Uselastvalue V|| v|| v|
| Final value |1000 ||o ||0.05 ||o ||o |
| Convert to Time Options |Input Constant Liquid Rate Value v|

Input Liquid Rate |6200 || [| |
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2| === Time Analysis Oil Rate = Cumulative Analysis Qil Rate Cumulative Dilcut Analysis
Qil Rate
4000 —|
3000 -
3
ke
5
E
B 2000
o
1000 — Sy
Jan-2006 Jan-2008 Jan-2010 Jan-2012 Jan-2014 Jan-2016 Jan-2018
il C'5’—<E
Cumulative Oilcut Analysis
Water Rate
9054 —
3 7054 —
£
5
Z
B
i
5054 —
3054
1054
|
Jar-2000 Jan-2004 Jan-2008 Jor-2012 Jan-2016 Jan-2020
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