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1 Welcome to GOMFields

1.1 Introduction

c’\»‘ o8 )- GOMFields - US Federal Offshore Gulf of Mexico Oil and Gas Field Production Analysis Software [=[E] ]
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Fields Tree View Field Details| Time Analysis | Cumulative Analysis | Predictions|
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GOMPFields is a production analysis database containing all the US Federal
Offshore Gulf of Mexico oil and gas producing fields monthly production 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 history of any field in the Gulf of Mexico, 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 histories of any field to any external package via
copy and paste and the windows clipboard.

= Display presentation quality charts of field production 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 from January 1996 to December 2009.

= 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 performance for similar fields to enable field
acquisition analysis, and future potential production and resenes
optimisation.

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

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

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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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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@7@ | = NEIZDE
| on\ A il
Fields Tree View « | |FieldDetil | Fields Tree View « | |Field Deta
.. 4 GAL18 - -4 GAA18 al
@ GAL7 - GAL27
@ GA460 - GA4B0
@ GALES @ GAES
=1-{_7] Garden Banks -2 Garden Banks
@ GBOSS @ GBOE5
- GBO70, Seastar @ GBO70. Seastar
- GBO72, Spectacular Bid & GBO72. Spectacular Bid
: GB083. Enchilada/Elmer @ GB023. Enchilada/Elmer
GB108 ¥ GBI08
-4 GB139 % GB139
@ GB142, Matia @ GB142, Matia
- GB161, Spend A Buck -4 GB161, Spend A Buck
: GB171, Salsa - GB171, Salsa
-4 GB179 -4 GB179
.4 GB124 - GB184
-4 GB186, Cabrito -9 GB136, Cabrito
@ GB183, Tick - GB189, Tick
: ggg? = -4 GB135 =
2 -4 GB197 )]
o
: ggﬂ Northwestem '% -4 GB200, Nothwestem %
] -4 GB205 ]
- GB208 &5 ---f GB208 D-E
-4 GB224, Santa Fe S @ GB224, Sarta Fe %
-4 GB236. Pimenta 3 .4 GB236, Pimento 2
@ GB240, Mustique [ -4 GB240, Mustique &
-y GB260, Baldpate =l -y GB260, Baldpate S
- GB302, Gb302 -y GB302, Gb3D2
: 22% Dulcimer -4 GB367, Dulcimer
-9 GB3ITY
-y GB387, Uano - GB387, Uano
-y GB3B8, Cooper - GB388, Cooper
GB409. La
: GB426 Au?;ug S e
; & EXETS
.- @ GB516, Semano .4 GB516 apmano
- GB55S, Oregano - GB559, Oregano
& 22% gacam' = g GBED2, Macaroni |
= 2 bET ] ‘i‘ & GBEE8. Gunnison |E‘
gy GB783, Magnolia GB783. M I =
@ GBE77, Red Hawk > T
d . ® GBI77. Red Hawk
—1-{Z11 High Island
=-{Z High lsland
' HIDDGA
@ Hiooea
' HIDDSA
@ Hioosa
4 HID4A
@ Hio14A
@ HI0204
- HID22 : HID20A
? - HIo22 ol
»
LY @@
|F\E|d5TrEE Viawl

The user can choose to sort the FieldView docking panel, either alphabetically or by Gulf of Mexico
Planning Area. The selection between these two options is also highlighted below.
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J@‘,‘ ET=DE GOMFields - US Federal Offshore Gulf of Mexico Oil and Gas Field Production Analysis Software (= E ki
O © oot @
Application Options « | [Field Details| Time Analysis | Cumulative Analysis | Predictions
4 Application Setup -
Application Units  Qilfield W Field Name
Treeview Sort Location Sort IEED| 120,000 0 GBA26, Auger
Result Boxes Colour
4 Set Markes Colous | Location Sort s —— Oil Rate — Cumulative Oil * DeclineRegression Utimate Recovery [mmsto] 225
Oil Colour [ Green Bo Bw
Gas Colour I Res
Vater Production Co [lll Blue Decine Fit
Total Liquids Colour [l Purple [} | .
\Wster Injection Colo. [ Cyan 100,000 (@) Exponential Decline
Cumulative Oil [ Lime - 200 @ Harmonic Decline
CumulativeGas [ Firebrick i
Cumulative Water Pr [l DarkBlue = (2 Hyperbolic Decine
Cumulative Totel Liq Il DarkViolet
Cumistive Water I [ Tezl Initial Production Rate  26386.8
Watercut Colour [ cyan Final Production Rate  12300.9
Oileut Calour I Red
\wJater Oil Ratio [ Cyan Cumulative Production 35848310
Gas Oil Ratio I Red = Time [days] 220
Condensate Gas Rat [l Green a
Water Gas Ratic [l Blue e
Regression Series [l Black = =
4 SetMarker Styles < g
Oil Style Diamond g g
Gas Style Diamond il z
\ater Production St Diamond = 3 0.004725/0ay 1.725860/year
Total Liquids Style  Diamond = .
Vater Injection Style Diamond
Cumulative Oil None -
CumulativeGas  None 40000 Prediction

Cumulative Water Pr None

i i Qi |Use decline trend ~
Cumulative Total Lig Nene i |Use deciine tren:

Cumulative WaterInj None Qa 1000
Watercut Colour  None .
Dileut Calour Nore
Vater Oil Ratio  Nore P
Gas Oil Ratio Mone ) Hps
Condensate Gas Rat None el
\Water Gas Ratio  None !
Regression Series  Cross
4 Series Appearance
Series Shadow Dept 1
4 Change Legend - . . . ’ .
- e = Jan-1995 Jan-1338 Jan-2001 Jan-2004 Jan-2007
Treeview Sort
Set Treeview Sort Type: either Alphabetical or by
Location
YO Select Chart to Display 0l Production +] [ Seve Time Forecast
L1

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.

4@:\ 58 )- JQ\;A- =28)-

Fields Tree View Field Details | Time,

Field Detzils | Time Analysis | Cumulative Analysis || Pr

120,
@ GBO70. Seastar
gy GBOT2, Spectacular Bd
@ GB083, Enchilada/Emer -
i %GB8 100.0

2.3 Units

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, Qilfield 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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Field Details

3 Field Detalils

3.1 Overview and Field History Data

Once the application launches successfully, the following should be displayed.
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Fields Tree View

2

@

=@

¥ GAMI8
¥ GA4Z7

@ GA%ED

¥ GALES

Garden Barks

@ GBOSS

@ GBO7O, Seastar
& GBO72, Spectacular Bid
Enchilada/Emer

- GBOE3,

@ GBi2
@ GBI

- @ GB142,
& GBI61, Spend A Buck

Matia

@ GBI71, Salse

- @ GB173

@ GBI

@ GB1%6, Cabito

@ GBI
@ GBI%7

- @ GE200,

@ GB205
& GB202

- @ GB224,

@ GB236,
@ GB240,

- & GB260,

& GB302,
@ GB37,

- @ GB373

& GB3E7,
& GB3E,

- & GBADS,

& GBaz6,
@ GBS16,

- & GBSSS,

& GBeO2,
& GBeEe,

-~ & GE7E3,

@ GBe77,
High Isiand
@ HiooGA
@ HI00SA
@ Hio4A

- @ HIO20A

@ Hi022

@ GB183, Tick

Northwestem

Sarta Fe
Fimento
Mustique
Baldpate
Gb302

Dulcimer

Lano
Cooper
Ladybug
Auger
Serano
Oregano
Macaroni
Gunnison
Magnolis
Red Hawk

Field Details |Time Analysis | Cumulative Analysis [Predi
Field Name GB426, Auger
Operstor Field Name ~ Auger
Field Type il

Discovery Date

Field History Wl History|

1987

Proved Ol [MMstb] 2290

Proved Gas [BCF] 8194

Water Depth fi] ~ 2.860.0

Field GOR [scf/sth] 3579

€ About @

Lease: GO7493 Area: GB Block: 427
Lease: GO7498 Area: GB Block: 471
Lease: GOB241 Area: GB Block: 426
Lease: GOB248 Area: GB Block: 470

Menth

Apr-1534
May-1954
Jun-1994
Jul-1534

Aug1994
Sep-1934
Oct1994
Nov-1954
Dec-1954
Jan-1935
Feb-1995
Mar-1995
Apr-1385
May-1335
Jun-1935
Jul-1935

Aug-1395
Sep-1835
0ct-1995
Nov-1995
Dec-1935
Jan-1996
Feb-1336
Mar-1336
Apr-1996
May-1996
Jun-1996
Jul-1336

Aug-1336
Sep-19%6
Oct- 1996
Nov-1386

Qil Rate

[bbls/d]
9632
32935
12,0871
241033
41,7941
45,3981
414877

471077
n1nes
482278
49.056.0

6836238

GesRate | WaterRate
[Mcid] [bbls/d]
59
00
2.1
215
97,7253 6
99,9144 11
76055 01
79,8565 21
101,054.2 00
64,7065 00
02,0331 00
1024793 2865
95,0405 69
1225622 00
117.0853 00
119.4206 00
18,4873 00
24,0085 02
14,7258 00
1271385 00
143,685.7 23
1506185 00
50,0333 00
48,0926 00
02,8326 13
65,4645 00
63,2184 00
159,339.8 00
152.405.1 00
168,937.7 00
1495527 00
160,6856 00

Liquid Rate
[bbisic]

963.1
32935
120882
241268
41,7977
45,400.2

41,467.9
378364

49,3425

623688

Oil Volume Gas Volume
[Mcd]

[bbls]
28.895.0
102,100.0
362613.0
7472020
12956170
13619720
1.285,500.0
1136.800.0
1.460,338.0
9646840
1.350.378.0
1520.736.0
13742140
18211470
16866210
1.770.506.0
1733427.0
12213210
1,656,336.0
17840240
2,045,469.0
2,141635.0
2016.867.0
21263430
1.380535.0
2190.239.0
2,050,006.0
2.107,0000
1.968.356.0
2,099.008.0
1,941,138.0
2051,063.0

56.254.0
2180100
1.088.226.0
22621620
30294840
29974310
27
23896960
31326730
2/005,902.0
2,856,928.0
3,176.858.0
28512270
37994230
35125580
3.702.038.0
3673.106.0
25202670
3556,501.0
38141550
44542580
4669.173.0
4,350,966.0
4591,057.0
3.114.973.0
5129.401.0
4,896,551.0
49395350
47245570
5068.131.0
4636.133.0
4,830567.0

ater Velume
fbbls]

178

8.0
0o

3620

73
n
3

9

0.0
30
3.0
40
3.0
00
0o
0o

8.8820
2080

0o
0o
0o
0.0
50
0o
0o

700

0.0
00
0o

380

n

0o
00
0o
0o
0o
0.0
00

Liquid Velume
[ebls]

230730
102,100.0

1.362.005.0
1.285.504.0
11268930
14603380

9646840
1.350.378.0
1529.618.0
13744220
18211470
16866210
1.770.506.0
17334270
12213260
1,656.396.0
1.784.024.0
2,045,538.0
2,141.695.0
2016,867.0
21263430
1.380.573.0
2.190.233.0
2,090,006.0
2,107,000.0
1.968.356.0
2,099.008.0
1,841,190
2,051,063.0

Cumulative
Oil [bbls]
288350
130,895.0
4836020
12408100
25364270
3,898.220.0
5.183.889.0
63206330

10.096,099.0
11.616.835.0
12,891.0430
14,812,160
16.498.817.0
18.269.3230
20.002.750.0
212240710
22.880.4670
246644910
26.709,960.0
28.851,685.0
30.8685220
329948650
34.375400.0
36.565,629.0
38,655,6450

44.830,009.0
46.771.207.0
488222700

Cumulative  *
Gas [Mcf] [

56.254.(|
2722644
1,360490.0
3,622,652
6,652,136.(-
9.649.567.(
12.365.336.0

17.887.711.C

198336130
22,750,541.0

38,792.651.0
43.465757.0
45,586,024.C
49,542 525.(
53,356.680.0
57.810.938.0
624201110
66,831.077.C
T1422134(
745371130
79.666.514.0
84,563,065.0
89,502,600
942271570
99,295.288.(
1035314210
1087519880 ~
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

Oct-1578
Now-1978
Dec-1978
Jan-1979
Feb-1578
Mar-1979
Apr-197%
May-1579

lien 107G

Oil Rate Gas Rate wiater Rate Liguid Rate
[bbls/d] [Mefid] [bbls/d] [bbls/d]

7.761.8 5137.7 0.0 7.761.8
Anc10 D0 13.815.8
D Copy Field Table to clipboard I} 12,6358
16,7776
D Copy Well Table to clipboard 15.520.4
- . 14,162.0
D Copy Prediction Takle to clipkeard 140357
23,556.8 157310 0.0 23,556.8
717074 14204 2 nn 717074

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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3.2

Month | OilRate | GasRate ‘ Viater Rate ‘ Liquid Rate ‘
[bhbls/d] [Mcfid) [bbls/d] [bbls/d]

Oct-1578 77618 51377 0.0 77618
Nov-1978 138198 9,082 0.0 138198
Dec-1978 126368 81087 0.0 126352
Jan1573 167776 11,3323 0.0 167778
Feb-1579 55304 103232 00 15,520.4
Mar1573 147620 92547 0.0 14,1620
Bpr-1979 140357 90547 0.0 14,0357
May-1579 23556.8 157310 0.0 235568
Jun1573 213823 14,3048 0.0 213929
Jul-1979 17.887.8 11,8874 0.0 17.887.8
Bug-1979 204330 13,0892 0.0 204330
Sep-1979 18.391.8 11.496.1 0.0 18,3918
0ct-1573 15646.8 9,356.1 0.0 15,6458
Nov-1979 138015 88240 0.0 13,8015
Dec-1979 133855 84129 0.0 13,3855
Jan-1580 143387 86316 0.0 143387
Feb-1580 135250 73503 [0 13,5250

Well History Data

Summary well data has also been incorporated into the database. Based on published well data from
January 1996 to December 2009, 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 to

December 2009.
| Field Name GBA426, Auger | Proved Gl MMstb] 2290 Lease: GO7493 Area: GB Block: 427
Leases: GO7498 Area: GB Block: 471

| OperatorFeld Name  Auger | ProvedGas[BCRl 8194 L5 ClBott Ares: G Hock. 470
| FedTie o [ WaterDepth ] 28600

| DscoveyDate 1587 | FieldGOR [scf/sto] 3579

Field History \lhll'\l-hshry

iellName | Months on ‘ Max Oil Rate ‘ Max Gas Rate ‘ Max Wiater Rate ‘ Cumulati ‘ Cumulati ‘ Cumulat
Production [bbls/d] [Mctid] [bbisid] Qil [bbis] Gas [Mef] \ater [bbis]

ADD1 102 30113 263684 142323 105044830 235211230 2230.2060
2002 78 115763 158699 57758 100802150 248440690 1,806.274.0
2003 102 12,8501 59,8842 57922 49654780 233432330 1,537.601.0
A004 23 11,5408 201448 19865 54852130 31824240 302.924.0
2005 104 95206 24,4431 32482 93808340 205175730 22736270
2006 8 115338 24318 36684 80566380 141653640 235,795.0
A007 3 10,8043 18,1412 48211 85730230 155131680 1.879.691.0
A002 108 12,1188 282029 46368 201321840 1228083300 1,365.711.0
2003 73 16.897.0 30,8010 62367 140351230 311182330 3,409.403.0
A010 34 14,3754 348609 101467 B7146390 545103010 5.332.780.0
AD11 ) 16857 221043 45798 12087300 3.0154840 3,144.460.0
2012 114 12,6884 445053 75387 129326950 333175710 106339900
2013 111 19,4593 427318 31085 157536390 427501130 3,915,002.0
A14 130 12,583.8 662656 40754 181720850 918433310 3,700.236.0
2015 53 70088 284325 27185 63848330 265235420 569,943.0
2018 kS 135225 68,6484 36573 124791780 584848700 1,704,837.0
2017 10 18,0827 351183 00 438906600 27997240 00
2018 % 55567 474243 31334 15057450 152916010 7228280
A013 81 28323 224159 40012 137497310 459142910 1,597,350.0
2020 102 12,5545 974335 93823 95763180 794044000 43333290
Minimum 36857 181412
Lyerage 11,8848 449145

Maximum 19.459.3 88,2029

Again, the user can copy and paste the datatable 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 Detailz yTime Anal_vsis]/ Cumulative Analpsiz V Fredictions ]

| Field Mame

120,000 — —0.8000 | GB426, Auger
‘ == (il Rate = natercut | Ultimate Recovery [mmstb]

Decline Fit
@ Exponential Decling
L0 6000 ) Harmonic Decline

O Hyperbolic Decline

[ Initial Production Rate

I
| Final Production Rate
I

| Cumulative Production

| Time [days]
Fit Decline Rate
Select root

[

Prediction

20000 — F | Qi |Usedecline trend | v

Oil Praduction Rate [bblsid]
5
IR,

| Qa

— : T : : : 0.0000 | Mpa
Jan-1936 Jan-1338 Jan-2000 Jan-2002 Jan-2004 Jan-2006 |

Ta

|

Select Chartto Display | WIERTe0s ,. [ Save Time Forecast ]

U

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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120,000 — —0.2000
=== (il Rate == \Watercut
Y Axis Type 4 | Linear
Y2 Axis Type 3 Logarithmic E
TInrreS b Set Y2 Axis » :
r_;; Regress Decline Bxponents b
- H-0.6000
E Change Marker Size
L Change Marker Style and Colour
20,000
Copy Chartto Clipboard
E' [ save Chart to File
ﬁ ) ‘ ™ I =) ™
- )
z - 5
= 60,000 —04000 &
S . [ g
= =S
-2
L
o
: |
40,000 I
|
| H0.2000
20,000 \
’ : \
|
0.0000

Jan-1996 Jan-1938 Jan-2000 Jan-2002 Jan-2004 Jan-2006

Many other production ratios are provided as a secondary Y axis display, to help in the field production
profile and decline cune selection. These can be changed again via the chart context menu as shown
below.
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1,000,000
LU

A0 A
100,000

Oy
10,000

AN

.000

Cil Production Rate [bbls!d]

100

10

== (Jil Rate == GOR

_—

[d savecharttoFile

Y Axis Type 3
¥2 Axis Type 2 ‘ﬂ.l
= | Set Y2 Axis 4 None
%_ Regress Decline Exponents 4 Cumulative
E Change Marker Size Qilcut
5 Change Marker Style and Colour Watercut
D Copy Chartto Clipboard | Water il Ratio [ | |
Gas Oil Ratio .

Condensate Gas Ratio

Water Gas Ratio

O O
— 23000.00

ATaTalts
- 6000.00

L ADDD DD
LU U

N N
LU

T
T
Jan-2U

T
Jan-2002

T
Jan-2006

oney |0 SED)

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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1,000,000 — —3.00
== (il Rate = WOR i
Y Axis Type 3
100,000 Y2 udis Type » | Linear -2 50
1o Set Y2 Axis L4 | Logarithmic
w
iEL Rearess Decline Exponents 3
=X
E Change Marker Size M
10,000 = 200
' 3 Change Marker Style and Colour L <
. [
E D Copy Chartto Clipboard
2 [E save chartto File | =
z - - o
= =
= 1.000 | L1500 O
Y z
3 B M °
o 4 A
o |
| L
. | | -
1004 { - 1.00
I. l ‘
)
\
b
|'.
'|II 1 |l||
104 LA L 0.50
Wi
Y 1A |
I'{ | ]l / WA j | ||
Tl | \ | |
'.j ' './_ |I %
1 — — T — T T - 0.00
Jan-1996 Jan-1998 Jan-2000 Jan-2002 Jan-2004 Jan-2006

Regress Decline Exponents

To select points for decline curve analysis, first select the Regress Decline Exponents then Select
Points menu item, as shown below.

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




22

GOMFields Help

1,000,000 — —10.00
== (Jil Rate = WOR |
)\ X \, I -
) | ) L 100
100,000 Y Axis Type L3 - /f '._ . '_/
Y2 Axis Type 3 m ¥ (", |
!
- I.
u Set Y2 Axis v | ﬂ |
1 T:-,_:l_ | Regress Decline Exponents 3 || Select Points \ L 010
- |
10,000 = Change Marker Size End Selection I'
. 5 Change Marker Style and Colour . l'Jl
=
i) )
= D Copy Chartto Clipboard e -
z E Save Chart to File =
E D00 ‘ |' I/ o
: |
E ! looo ©
o | | J
= | | ll
1004 | |
l |
| ANy
|
|
|
10+ |
|\
1 — — T — T T 0.00
Jan-1996 Jan-1998 Jan-2000 Jan-2002 Jan-2004 Jan-2006

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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1,000,000 — —10.00
== (Jj| Rate = W0OR *  Decline Regression i
100,000
10,000

=] Al
5 S
= g
= =K
g =
= o
= =
B o
c
=

Jan-1996 938 Jan-2000 Jan-2002 2004 Jan-2006
Examples of each decline type are shown below.
Decline Fit Decline Fit Decline Fit
(%) Exponential Decling () Exponential Decling () Exponential Decling
(:} Harmanic Decline @' Harmanic Decline {:} Harmanic Decline
(:} Hyperbelic Decline {:} Hyperbelic Decline @' Hyperbolic Decline
| Initial Production Rate |33888.9 | Initial Production Rate [33988.9 | Initial Production Rate [33885.9
| Final Production Rate |10827.4 | Final Production Rate [10827.4 | Final Production Rate [10827.4
| Cumulative Production [4134146.0 | Cumulative Production |4134145.0 | Cumulative Production |4134145.0
| Time [days] 2420 | Time [days] 2420 | Time [days] 2420
Fit Decline Ratg Fit Decline Rate Fit Decline Rate
X X
Select root Select root | Selectroot |Root3 w
Root 1
a |0.004727/day 1.726478year | 2 |0.008839/day 3.228344iyear | a |0.01348]Root 2
n | | n | | n [1.5961

Where,
a = Constant decline rate fraction, between 0 and 1
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® n = additional hyperbolic constant decline exponent, typically 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 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
(3 51
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

—10.00 | GB426, Auger
= WOR % Decline Regression I | Ultimate Recovery [mmstb]

EE
|
O
7
o

30,804 —

N
s -1.00 Decline Fit

@ Exponential Decline
O Harmenic Decline
e on, |
25,804 —
| () Hyperbolic Decling

‘ Initial Production Rate |26368.8
‘ Final Production Rate |12300.9
‘ Cumulative Production |3584831.0
\ Time [days] 2420
Fit Decline Rate
Select root

s [oovarzsiny rzsesuenr |
-

Prediction

oneY 10 B,

15,804 —

Oil Praduction Rate [bblsi]

10,804

|

5,804 o

T
=
=
e

Qi |Use decline trend |+

Qa |1000

o ] . Predict
D4
Npa |225633,0187

Ta

|

=
=
(-

T T T
Jul-2005 Jan-2006 Jul-2006 Jan-2007 Jul-2007

|

|Se|ecmharttoDisp|ay \onpmducﬂon v‘ I Save Time Forecast ]

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) hl%
a T = d;

a
—a

Harmonic Decline
Ultimate Recovery Equation Abandonment Time Equation

N, =%ixig| & A
a qa qi
T =% 7
a
Hyperbolic Decline
Ultimate Recovery Equation  Abandonment Time Equation
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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 saved.

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 volume 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.
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| Field Name

Field Mame

| GB426, Auger

GB426, Auger

| Ultimate Recovery [mmsth] |229|

&

Decline Fit
@ Exponential Decline
(") Harmenic Decline

() Hyperbolic Decline

| Ultimate Recovery [mmsth] | 225

Decline Fit
@ Exponential Decline
) Harmonic Decline

() Hyperbolic Decline

| Initial Production Rate | 26366.8

| Initial Production Rate |26365.8

| Final Production Rate [12300.9

| Final Production Rate |12300.9

| Cumulative Production | 3584831.0

| Cumulative Production |3584831.0

| Time [days] 2420

Fit Decline Rate
Select root

0.004725/day 1.725860/year |

B

Prediction

| Time [days] 2420
Fit Decline Rate

Select root

1|

i

0.004725/day 1.725860/year

||

Prediction

Qi |Usedecline trend

Qi |U=se decling trend | »

Qa (1000

|

Qa (1000

|

Mpa 2256330187

Mpa 2256330187

Ta

|
|

l Save Time Forecast l

Ta

[ Save Time Forecast [%J

Once the Ultimate Recowery figure has been input into the text box, the user should press the Save
Time Forecast button, as shown abowve. This will then enable the calculation of monthly, annual and

cumulative offtake rates, which are displayed in the form of chart tooltips. See below.
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120,000 —10.00

== (il Rate = WOR ®  [Decline Regression i

100,000+

1".
Y L
% A

\f’*’ '\ { \ .\ 010

-0.01

80,000

Date : Jan-2001

Qil rate : 72,2438, 3 bbls/d
Gas rate : 391,251.1 Mcf/d
Water rate : 11,103.8 bbls/d
Liquid rate : 83,352.1 bbls/d
Water injection rate : 0.0 bbls/d ) L 000
Cumulative Oil : 159,300,467.0 bbls
Cumulative Gas : 513,769,333.0 Mcf
Cumulative Water : 14,458,914.0 bbls
40,000 Cumulative Liquid : 173,759,381.0 bbls |
Cumulative Water injection : 0.0 bbls
Qilcut : 0.8668 | | n.00
Watercut : 0,1332

4 Water Oil ratio : 0,15

Gas Qil ratio : 5415.37 cf/bbl
Monthly Offtake Rate : 1.00%
20,000 Annual Offtake Rate @ 11.95%
Cumulative Offtake Rate : 70.80% .' L 0.00

60,000 —

Cefital I L,

Oil Production Rate [bblsid]

Jan-1396 Jan-1998 Jan-2000 Jan-2002 Jan-2004 Jan-2006

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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120,000 —10.00
—— Ol Rate — WOR x Decline Regression i
A'\_ /j/ ™ \ M} .00
100,000 \ —
\2\ ‘\
L 010
80,000 \
§ 0.01
=) —u.
= £
= g
5 60,000 )
G =
EE -0.00
(=} .
40,000 -] b
ol L 0.00
. Ty
5
20,000 g 9 %
AT g B o1 000
2 ¥ 9 h o LN
H ¥ Pl P& I % .
4 LY |
o
. . . . . L 0.00
Jan-1996 Jan-1558 Jan-2000 Jan-2002 Jan-2004 Jan-2006 %

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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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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Gas Production Fate [Mchd]

300,000 —

250,000

200,000+

150,000 —

100,000+

50,000 —

% Decline Regression i

w

Jar-1938

Jan-2000

Jan-2002

Jan-2004

Jan-2006

| Field Name

| MC731, Mensa

| Ultimate Recovery [bef]

Decline Fit
@ Exponential Decline
O Harmenic Decline

() Hyperbolic Decling

‘ Initial Production Rate |233428.0
| Final Production Rate |144882.8

‘ Cumulative Production [110188711.1

T20.0

Fit Decline Ratg
g
Select root

‘ Time [days]

Prediction

Qi |Use decline trend |+

Qa

|

=
o
o

=
=

Select Chart to Display

Gas Production

‘ I Save Time Forecast

Gas Production Rate [Mcfd]

300,000 —

250,000 |

200.000 —

150,000+

50.000 —

== (as Rate = WGR

% Decline Regression i

Y

Y Axis Type

Y2 Axis Type

)

Set Y2 Axis

None

Regress Decline Exponents

3

Cumulative

Change Marker Size
Change Marker Style and Colour

Time Analysis

Oileut
Watercut

Copy Chartto Clipboard
[E save chartto File

Gas 0il Ratio

Water il Ratio

Condensate Gas Ratio

Water Gas Ratio
= "

hd

A

—10.00

-8.00

6.00

—4.00

—2.00

Jan-1998

Jan-2000 Jan-2002

Jan-2004

Jan-2006

0.00

ONEY SEE) BB

| Field Mame

| MCT31, Mensa

| Ultimate Recovery [bef]

Decline Fit
@ Exponential Decline
O Harmonic Decline

O Hyperbolic Decling

‘ Initial Production Rate |233428.

=]

| Final Production Rate [144882.

=]

‘ Cumulative Production [110188711.1

‘ Time [days]

Fit Decline Rate
Select root
a [0

a

Prediction

IF

|
:

Qi |Use decline trend |+

o]
1

=
o
@

=
=

| selectChartto Display

‘Gas Production

3 ‘ I Save Time Forecast ]

Assuming a decline curve analysis has been performed on the Gas Production Rate, the user should
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press the Save Time Forecast button to ensure that the digitized points, decline and prediction
parameters are saved.
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
25,000 GB426, Auger
=== \n/zter Rate — Cumulative \Water Ultimate Recovery [bef]
Decline Fit
20.000— (%) Exponential Decline
(O Harmenic Decline
O Hyperbolic Decline
Initial Production Rate
;E 15,000 — Final Production Rate
QE Cumulative Production
'LE_; gl Time [days]
=
‘§ ULy Select root
a
n
5,000 - Prediction
Qi | Use declinetrend v
Qa
= T T T T T NDE
Jan-1996 Jan-1998 Jan-2000 2004 an-2006
Ta
SelectChartto Display  Water Production v l SIEREICE e l
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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120,000 — —300.000,000
| =p= Liguid Rate = Cumulative Liguid i
100,000 — % 250,000,000
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E n 1
ﬁ _'-li 1 ‘{
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= o 3
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1
T
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Jan2002  Jan2004  Jan-2006

Select Chart to Display Liquids Production v

Field Name

GB426, Auger

| Ultimate Recovery [bef]

Decline Fit

@ Exponential Decline
O Harmenic Decline

() Hyperbolic Decling

‘ Initial Production Rate

[
| Final Production Rate
[

‘ Cumulative Production

Time [days]
Fit Decline Rate

Select root

T
B

[
/]

Prediction

Qi |Use decline trend |+

Qa

[

Npa

Ta

|

Save Time Forecast ]
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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 Details V Time Analyziz )/Eumulative AnalysisV Predictions ]

== (il Rate

Oil Production Rate [bbls!d]

1 SS,C'CIC',CC'C' 250,000,000
Cumulative Oil Preduction [bbls]
Select Chartto Display Qil Rate v

Field Name

GB426, Auger

Oil Rate

[1Regress Log Y Values

| Gradient
| ¥ Intercept
| ¥ Intercept

| Prediction Setup

| Initial value | Use decline trend v
| Final value

| Npa

Watercutversus Np/MN Chart

[ sToir pawvsto)
| Recovery Factor [%]
| Abandort fiw [%]

Customise Curvature

Early Curvature II 3:
Late Curvature II 33

I Save Forecast l

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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=== (il Rate
£0.000 ¥ Axis Type ]
Y2 Axis Type »
@
z Set Y2 Axis 3
2
= | Regress Decline Exponents 3 || Select Poin
B Change Marker Size End Selection
P =}
E 5 Change Marker Style and Colour -
0
4
= anoon D Copy Chartta Clipboard
2 40,000
= [E save charttoFile
2
)
=
2
i
=
20,000
158,838 507 178,838 507 198,838 507 218.838.507
Cumulative Oil Production [bhis]

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 Name

| GB426, Auger

== (il Rate % Decline Regression

Oil Rate

[JRegress Log Y Values

| Gradient |-0.003441855809
| ¥intercept [736643.0068103130
| Xintercept (214,024,947

‘ Prediction Setup

40,000 ‘ Initial value | Use last value A
| Final value |5000

)

£

‘ Npa
Watercutversus Np/M Chart

[ sToNP Muster
|Recuvery Factor [%]
| Apandortfw 2]

Customise Curvature

Early Curvature |1 3:
Late Curvature |1 33

Oil Praduction Rate [bblsid]

158.838.507 178.838.507 198.838.507 218.838.507

Cumulative Oil Production [bbis]

I Save Forecast ]

| selectCharttoDisplay il Rate v

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 Y Values

| Gradient |-0.003441855808
| ¥ Intercept |736643.0068103130
| Xintercept 214,024,847

| Prediction Setup

| Initial value | Use last value hd
| Final value 5000

A
| Npa |219,247,361.1

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.

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



38

GOMFields Help

Two specific examples are provided below, although the equations and methods are identical to the Oil

Production section.

== (Gas Rate

250,000 —

200,000—

150,000+

Cumulative Analysis

Y Axis Type 3

Y2 Bxis Type L4

Set Y2 Axis L4 h n‘
| Regress Decline Exponents 3 || Select Ecinm |

Change Marker Size
Change Marker Style and Colour

End Sel@ti on

1

D Copy Chartto Clipboard
[E savecharttoFile
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100,000+

50.000

¥

T
400,000,000

600,000,000

Cumulative Gas Production [Mcf]

300.000.000

Field Name

MC731, Mensa

Select Chart to Display Gas Rate

Gas Rate

[JRegress Log Y Values

| Gradient
‘ ¥ Intercept
‘ X Intercept

‘ Prediction Setup

‘ Initial value |Use last value hd
‘ Final value

‘ Npa

Watercutversus Np/M Chart

[ sToNP Muster
|Recuvery Factor [%]
| Apandortfw 2]

Customise Curvature

Early Curvature |1 3:
Late Curvature |1 33

I Save Forecast ]
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| Field Name

| MCT31, Mensa

== (Gas Rate *  Decline Regression Gas Rate

[JRegress Log Y Values

| Gradient |-0.000845909508
r
[ ¥intercept [718113.5866081570
| Xintercept (847,922,052

‘ Prediction Setup

‘ Initial value |Use last value hd
000 | Final value 5000
Predict
e

0

1 \ Npa |972762,653.8
Watercut versus Np/M Chart

[ sToNP Muster
|Recuvery Factor [%]
0.000 | Apandortfw 2]

Customise Curvature

Early Curvature I 3:
Late Curvature I 33

Gas Production Fate [Mckd]
4
5
5
5

Cumulative Gas Production [Mcf]

I Save Forecast ]

| selectCharttoDisplay | Gas Rate v

53 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.
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Field Detail: ]/ Time Analpziz )/Eumulative Anal_vsis]/ Predictions ]

1,0000

0.8000

Oilcut

0.4000—

L

— Qilcut = WOR

]

—10.00

—1.00

Ry 10 J8IEA

| Field Name

| MC582, Medusa

Qilcut

[JRearess Log Y Values

| Gradient
| ¥ Intercept
| X Intercept

| Prediction Setup

| Initial value | Use lastvalue v
| Final value
| MNpa

Watercutversus Np/MN Chart

[ sToue sty
| Recovery Factor [%]
[ Abandont fw [%]

Customise Curvature

Early Gurvature I 3:
Late Curvature I 3:

Cumulative Qil Production [bbls]
I Save Forecast l

| Select Chartto 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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0 onn
—10.00

1.0000— 1
N, N [ — il — WOR I
Y Axis Type 3

| Y2 Axis Type 3 _ o L 1 00
N % Set Y2 Axis 3 ______F___,/“"”
el ':‘CJ | Regress Decline Exponents 3 || Select Points%

i’:: Change Marker Size End selection e

§ Change Marker Style and Colour - I

/ D Copy Chartto Clipboard
0.6000 / [ save Chartto File .
T E-0.01

oneY |0 29

Oilcut

AR
) 4000 4
uauul

02000

Uil |

e
u.ud

o
(PR T T

iy O WY W OO Y WO TR Ay WO 0
(AL LIRLEY FATRLBERE T AL EVRE LY EAVALEIRLE L

Cumulative Qil 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 Name

=L | MC582, Medusa

0000 — i
M| — —_— »
Dilcut WOR Decline I.Regresswon I Qilcut

[JRegress Log Y Values

| Gradient |-0.000000016851
‘ Y Intercept |1.0803030310
010 | Xintercept (64,702,043

= 1.00

Prediction Setup

‘ Initial value |Use last value hd
| Final value [0.05

l \ | 3
0.4000]
- | [\ \ Npa |62,344,4439

Watercut versus Np/M Chart

| [ sToNP Muster

I

0.2000— |-| |Recuvery Factor [%]
| | Apandortfw 2]

Customise Curvature

Early Curvature I 3:
Late Curvature I 33

:-.5::-:-—|

Oilcut
aney 10 J81e

Cumulative Oil Preduction [bbls]

I Save Forecast ]

| selectCharttoDisplay | oilcut v

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
MC532, Medusa

Qilcut
[]Regress Log Y Values

Gradient |-0.000000016851
Y Intercept |1.0803030810

X Intercept (64,702 043

Prediction Setup
Initial value | Use last value L

Final value [0.05

Mpa 62,344 448.9

Watercut versus Mp/M Chart
STOIIP [Misth]
Recovery Factor [%]

Abandon't fw [%]

Early Curvature EI:
Late Curvature 3:

Save Forecast M

5.4  Watercutv'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 Name

.0000 — | VK956, Ram-Powell

‘ Gradient
‘ Y Intercept
‘ X Intercept

\ Prediction Setup

Initial value | Use decling tre
‘ Final value

0.6000 —

Watercut

‘ Npa
Watercut versus Np/N Chart

| STOIIP [MMstb] 220
o000 | Recovery Factor [%]
| Abandont fiv (%]

Customise Curvature

Early Curvature |1 E:
. Late Gurvature |1 Eﬁ

0.1000 0.2000 0.3000 0.4000

| Save Forecast

| selectcharttoDisplay | Watercutvs Npm -

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

| Field Name

.0000 — | VK956, Ram-Powell

w—rfatercut % Decline Regression i il Rate

‘ Gradient
‘ Y Intercept
‘ X Intercept

\ Prediction Setup

Initial value | Use decling tre
‘ Final value

0.6000 —

Watercut

‘ Npa
Watercut versus Np/N Chart

| STOIIP [MMsth] 220

| Recovery Factor [%] |45

| Abandontfw (%] g0

Customise Curvature

Early Curvature |1 E:
Late Gurvature |1 Eﬁ

0.6000 0.8000

| Save Forecast

| selectcharttoDisplay | Watercutvs Npm -

Negative values of early curvature generally translate to a delayed water production breakthough,
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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
1.0000 — VK956, Ram-Powell
—rfatercut ®  Decline Regression 0il Rate
0.2000— Gradient
Y Intercept
X Intercept

Prediction Setup

Initial value

Final value

Watercut

0.4000
: Npa

Watercut versus Np/N Chart
STOIIP [MMstb] 220
,,,,, Recovery Factor [%] |45

Abandon't fiw [%] 80

Customise Curvature

Early Curvature |4 3:
Late Gurvature FB 33

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 Mame

VK956, Ram-Powell

il Rate

Rearess Log Y Values

Gradient

| Y Intercept

| X Intercept

Prediction Setup

Initial value | Use decline trend

| Final value

Predict

Mpa

Watercut versus Npi/W Chart

| sTONP MMsts]  |220

| Recovery Factor [%] (45

| Abandontfw (] &0

Customise Curvature

Early Curvature |4 j

Late Gurvature |—9 j

Save Forecast
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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

Decline | Exponential * | | Exponential L
‘a'value |0.0007079637201¢
n'value

Initial Rate |Use decline trend v | | Use decline trend | v

Final Rate

Cumulative Prediction Setup

Qil Gas Qilcut ‘Watercut ‘Water Qil Ratio
Log YFit? O Ne O MNe 0 Neo [0 No O No
Gradient |-0.0006234471116 -2.9438519959740
Y Intercept |59694.524341609¢ 2.7493389709057"
Initial value = v v v w
Final value |0 0 0 0 0
Convert to Time Options | Link to Oil Rate v's Time Prediction -

Input Liquid Rate

Calculate Predictions E
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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 Setun | Prediction Chants|” Prediction Tables |

| === Time Analysis Oil Rate

= Cumulative Anzlysis Oil Rate

Production Rates
]
)
2
5

,,,,,,

I —

o

T T T
Jan-1958 Jan-2000 Jan-2002 Jan-2004

Field Name VK956, Ram-Powell

Select Chartto Display Qil Production

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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Production Rates

=]

15000 —

10000 —

5000 —

T
Jan-2006

=== Time Analysis Oil Rate = Cumulative Analysis Qil Rate I

Jan-2008 Jan-2010

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.

Production Rates

14000 —
Cumulative Dilcut Analysis
‘water Rate
12000 —
10000 —|
2000 — q
€000 —|
4000 —
2000 —
0D
T T T T T T T
Jan-199: Jan-2000 Jan-2002 Jan-2004 Jan-2006 Jan-2008 Jan-2010

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



Predictions 51

40000

Production Rates

Cumulative Qilcut Analysis
Liguid Rate

Jan-2004

T
Jan-2006 Jan-2008 Jan-2010

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 | Oilrate Cumulative Oilcut Cumulative | Oilcut Cumulative | Oilcut Cumulative | Ol ™
Month Qil Rate Cumulative Maonth Oil Rate Cumulative Month Oil Rate Cumulative Water Rate
[bbisid] Qil [bbls] [bblsid] Qil [bbls] [bblsid] Qil [bbls] [bblsid]

Oct-2007 81117 82738,128.0 Oct-2007 81117 82,738,128.0 Oct-2007 81117 82,738,128.0 22065
MNov-2007 79356 §2,892,066.9 Mov-2007 79530 82,992,624.4 Nov-2007 79356 §2,992,066.9 22555
Dec-2007 7, D Copy Field Table to dipboard Te02z2 83,234,493.2 Dec-2007 7.768.8 §3,232,9005 229908
Jan-2008 7.4 76496 83,479,280.7 Jan-2008 7.600.2 §3,476,106.3 23421
Feb-2008 7.4 D Copy Well Tableto cliphoard 7.500.0 83,719,280.1 Feb-2008 74352 83714,0326 23812
Mar-2008 7] Copy Prediction Tablxto dlipboard 73623 83,940,148.5 Mar-2008 7.284.1 83,932,555.6 24152
Apr-2008 7.17z00 T T0U 00T 0 AL -Z00 72183 84,171,133.3 Apr-2008 7.126.0 84,160,587.0 24483
May-2008 69762 843768501 May-2008 7.0814 84,390,657.1 May-2008 69762 84,376,850.1 247738
Jun-2008 6,824.8 845052434 Jun-2008 56,9429 84,612,829.9 Jun-2008 6,824.8 84,505243.4 25053
Jul-2008 6,681.4 84,802,365.7 Jul-2008 68113 84,823,978.9 Jul-2008 6,681.4 94,802,365.7 25204
Aug-2008 65363  85,011,528.3 Aug-2008 6.678.0 85,037,675.9 Aug-2008 6,536.3 85,011,528.3 2,551.6
Sep-2008 6,394.4 85,216,150.4 Sep-2008 56,5474 85,247,193.0 Sep-2008 6,394.4 85,216,150.4 25713
Oct-2008 6,260.1 85.410,212.3 Oct-2008 64233 85,446,314.2 Oct-2008 6,260.1 85410,2123 25882
MNov-2008 6,124.2 85,606,185.7 Mov-2008 62976 85,647,838.3 Nov-2008 6,124.2 85,606,185.7 26032
Dec-2008 59855 85,792,045.2 Dec-2008 6,178.2 85,839,363.2 Dec-2008 59855 85,792,045.2 26156
Jan-2009 5,865.3 85,979,7355 Jan-2009 6,0574 86,032,199.2 Jan-2009 5,865.3 85,979,7355 2,626.2
Feb-2009 5738.0 86,163,351.5 Feb-2009 50389 86,223,243.7 Feb-2009 5738.0 86,163,351.5 26347
Mar-2009 56254 86,326,487.3 Mar-2009 58334 86,392,413.0 Mar-2009 56254 86,326,487.3 26409
Apr-2009 55033 86,502,591.6 Apr-2009 5719.3 86,575,431.3 Apr-2009 55033 86,502,591.6 26457
May-2009 53876  B86,669,6075 May-2009 56109 86,749,368.6 May-2009 53876 86,669,607 5 26486
Jun-2009 52707 86,838,268.5 Jun-2009 55011 86,925,404.8 Jun-2009 52707 96,838,268.5 26407
Jul-2009 5,159.9 86,998,225.2 Jul-2009 5396.8 87,002,706.5 Jul-2009 5,159.9 96,998,225.2 26493
Aug-2009 5047.9  87,159757.4 Aug-2009 52913 §87,262,027.0 Aug-2009 5,047.9 87,159,757.4 2,647.2
Sep-2009 49383 87,317,783.2 Sep-2009 51878 87.428,035.6 Sep-2009 49383 87.317,783.2 26435
Oct-2009 48345 87 4676535 Oct-2009 50894 87.585,807.2 Oct-2009 48345 87 467 6535 26386
MNov-2009 47296 87,619,000.0 Mov-2009 49899 87.745,482.6 MNov-2009 47296 87.619,000.0 2.632.0
Dec-2009 46302 87,762,5359 Dec-2009 48952 87,897,235.2 Dec-2009 46302 87,762,5359 26244
Jan-2010 45297 87,907 4855 Jan-2010 47995 88,050,819.1 Jan-2010 45297 87,907 4855 26152
Feb-2010 44313 88,049,288.6 Feb-2010 47056 88,201,398.8 Feb-2010 44313 98,049,288.6 26047
Mar-2010 43444 88,175,275.4 Mar-2010 46221 88,335,438.3 Mar-2010 43444 88,175,275.4 25945
Apr-2010 42501 88,311,277.4 Apr-2010 45316 88,480,450.9 Apr-2010 42501 898,311,277.4 25818 2
< >

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.

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




Predictions 53

Rate v's Time Prediction Setup

| oil | Gas

Decling | Exponential b | | Exponential A4 |

| mvalue | || |

‘a'value |U.UDU?D?QE3?2[]1t

Initial Rate |USB last rate b | | Use decline trend V|

Final Rate |3500 || |

Cumulative Prediction Setup

| oil | Gas | Oilcut | Watercut | Water Oil Ratio
’m 0 Mo [0 Mo [0 Mo ] MNo ] MNo
| Gradient |-0.0006234471116| | | |-2.9438519959740) | |
| Ylntercept |59694.524341609| | | |2.7493389709057"| | | |
| Initial value |Use astvalie v/ v|[usetastvae | v]| v|| v|
| Final value |3500 ||o | [0.05 IE |0 |
| Convert to Time Options | Link to Oil Rate v's Time Prediction ~

| Link to Qil Rate v'= Time Prediction

Input Liguid Rate |Link to 0il 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 |-0.0006234471116| | ||-2.0438519050740] || |
| Ylintercept |59694.524341609¢) | ||2.7493389700057"| | [| |
| Initial value |Uselastvalue V|| V||Uselastvalue v|| v|| v|
| Finalvalue |3500 o |0.05 o o |
| Convertto Time Options |Input Constant Liquid Rate Value v|

| Input Liquid Rate |10000 || || |
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| === Time Analysis Qil Rate = Cumulative Analysis Dil Rate Cumulative Oilcut Analysis
Qil Rate
15000 —
3
ke
5
E
E
EE 10000 —
5000 L
Jan-2004 Jan-2006 Jan-2008 Jan-2010
Cumulative Dilcut Analysis
1219 ‘water Rate
10196
2196
3
£
5
Z
= 6196
o
4196
2196
196
Jan-199 Jan-2000 Jan-2002 Jon-2004 Jan-2006 Jan-2008 Jan-2010 Jan-2012
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