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Creating
PVT Data




1. Click the Components tab in the tree view. Double click the MODEL keyword.

v 120 Control

Reseraor

I@ Componetts 2
&3 Fock-Fluid
&3 Iritial Conditiors

v Mumerical

1 Wells & Recurent

EI--@ iZormponent Properties
e MODEL:

2. Select Launch dialog to create a quick BLACKOIL model using correlations then press the

OK button.
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3. Enter 70 (deg C implied) in the Reservoir Temperature box.

¢ Generate Pressure data up to 34474 kPa. For Bubble Point Pressure, select the “Value
Provided” option and enter a value of 6502 kPa.

* For the option, select “ ” as the type of gravity value
you want to use and enter a value of =5 in data entry window.

¢ Change the Gas Density box to display Gas Gravity (Air=1) and type 0.65 in the data entry
window.

4. In the Reference Pressure for Water properties box, enter a value 27580 kPa and leave the

rest of the options at their default values and Click OK.
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5. Double click on “PVT Region: 1” in the tree view and select the PVT Table tab to view the BLACKOIL PVT

data. For this example, the data shown in this table was generated using the information entered in the “Quick

black oil model” window. However, it is also possible to directly enter or edit values in the PVT Table. These

values can also be updated by using your mouse to select points on the plots associated with the PVT Region,

and dragging the points to the desired location. Please note that the “IMEX PVT Regions” window has to be

open while using your mouse to change the points on the plot.

+ 170 Cortrol
+  Reservoir

Iy’ Components
&) Rock-Fluid
Q Initial Conditions

v

w  Numerical

&) Wels & Recurent

== Component Properties
: MODEL: BLACKOIL
I -+ PVT Region: 1 I
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6. Close the PVT Table window.

7. The Component section should have a green check mark now.

B Imex PVT Regions

PVT Region 0

PVT Table | General | Undersaturated Data |

PVT Table Type: IOiI and gas (FVT) vl Table Uses: IGas expansion factor (EG) LI
¥ Include Oil Compressibilty in PUT Table Pieeir SeeioniEils
Bubble point pressure I
[ Include Gas-oil Interfacial Tension in PVT Table
Oil formation wol. factor I
Tools | Solution gas-oil ratio I
# p Rs Bo Eg viso visg co -
kFPa m3/m3 m3/m3 cp cp 1/&Pa
1 101.325 0.678302 1.0455 0.84551 254115 0.0124955 435113
2 528.037 208762 1.04838 443609 240802 0.0125406 43511% =
3 954 749 365538 1.0817 807523 227451 0.0125947 43511%
4 1381.46 543539 1.05532 11.7632 214808 0.0126575 435113
5 180817 727705 1.05918 15.5002 203093 0.0127276 43511 3%
3 223488 520226 1.06324 15.2862 192339 0.0128042 43511%
7 26616 11.1989 1.0675 231213 1.82509 0.0128867 43511%
8 308831 13.2582 1.07191 27.0052 173533 0.0129743 43511%
9 3515.02 15.3735 1.07645 305376 1.65334 0.0130686 43511 3%
10 394173 17.5397 1.08121 3459179 157836 0.0131676 43511%
< 1 | 3
Err
ok | Cancel Epply Help
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8. At this point it is
advisable to save the
data again by selecting
File from the top menu

and Save.
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Creating
Relative Permeability Data




Creating _Relétb[e 'Permeability Data =

N

1. Click the Rock-Fluid tab in the tree view.

2. Double click on Rock Fluid Types in the tree view. A window will open. Click on the button

and select New Rock Type.

3. Press the button (on the “Relative Permeability Tables” tab) and select

M enerate Tables Using Correlations. ..
[ Include ¢ Smoath Table. ..
) Cupye Scaling...

[nzlude
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ve Permeability Data
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— Creati n_g_,Relétl\ip Permeabil 18

SWCON - Endpoint Saturation: Connate Water
SWCRIT - Endpoint Saturation: Critical Water
SOIRW - Endpoint Saturation: Irreducible Oil for Water-QOil Table
SORW - Endpoint Saturation: Residual Oil for Water-Qil Table
SOIRG - Endpoint Saturation: Irreducible Oil for Gas-Liquid Table
SORG - Endpoint Saturation: Residual Oil for Gas-Liquid Table
SGCON - Endpoint Saturation: Connate Gas
SGCRIT - Endpoint Saturation: Critical Gas
KROCW - Kro at Connate Water
KRWIRO - Krw at Irreducible Oil
KRGCL - Krg at Connate Liquid

KROGCG - Krog at Connate Gas
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e & y =
Enter the following parameters for the analytical
relative permeability curves generation. o
=]
=
A Deaiptn  vae
1 SWCON - Endpoint Saturation: Connate Water 0.2 =
2 SWCRIT - Endpoint Saturation: Critical Water 0.2 o
3 SOIRW - Endpoint Saturation: Irreducible Qil for Water-Oil Table 0.4
4 SORW - Endpoint Saturation: Residual Qil for Water-Oil Table 0.4 0.0 1.0
Sweon Swerit 1-Sorw 1-Soirw
5  SOIRG - Endpoint Saturation: Irreducible Oil for Gas-Liquid Table 0.2
6 SORG - Endpoint Saturation: Residual Oil for Gas-Liquid Table 0.2 !
7 SGCON - Endpoint Saturation: Connate Gas 0.05 0
8 SGCRIT - Endpoint Saturation: Critical Gas 0.05 % ‘§ Krogeg
9 KROCW - Kro at Connate Water 0.8 w i
DO é
10 KRWIRO - Krw at Irreducible Oil 0.3 =H B
oo org |
11 KRGCL - Krg at Connate Liquid 0.3 -z —
=1 Soirg |
12 KROGCG - Krog at Connate Gas 0.8 P
13 All Exponents 2.0 00 4 T 4 s ¢ ¢ 1.0
Swcon | Sirg 1-Sgerit 1-Sgeon
Slcon

IS CMG



-
—
= ‘;\

Creating: Rela‘tj‘\ie Permeabil ity Data—

4. Press Apply and then OK. Press OK again to get out of the Rock Types window. A graph
containing the relative permeability curves will appear.

5. The Rock Fluid section should have a green check mark. Save the file at this time.

v 170 Control

v Reservoir

v Components

+  Roclk-Fluid b
@- Initial Conditions

v MNumerical

&) Wels & Recument

# " Rock Fluid Options

@ F.ock Fluid Types

Seawater Scale Buildup
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ve Permeability Data-
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8. At this point it is
advisable to save the
data again by selecting
File from the top menu

and Save.
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Creating
Initial Conditions




1. Click the Initial Conditions tab on the tree view of Builder.

2. Double click on Initial Conditions.

3. Select Water, Oil,

Equilibrium Calculation.

as the initial fluid in the reservoir to perform a Gravity-Capillary

Initial Conditions

— Perform Gravity-Capilla uilibrium of A Reservoir Initialty Containin
* Water, Oil. Gas ( VERTICAL DEPTH_AVE WATER_OIL_GAS EQUIL )

€ Wells & Recurent

Depth { DATUMDEPTH depth )

Pressure will be comected using the intial equilibrium Ad ed kitert:
pressure distribution | DATUMDEPTH depth INITIAL ) vane e

i 4
 Water, Gi (VERTICAL DEPTH_AVE WATER_OIL EQUIL )
v 1/0 Control © Water, Gas (VERTICAL DEPTH_AVE WATER_GAS EQUIL NOTRANZONE )
} There will be no residual saturation in Gas Cap { GASZONE NOOIL)
v Reservoir
| Reference Pressure and Depth Phase Contact Depths —————————
v Components |
| | Precoure (REFPRES) [ | | WaterOl Comact (DWOC) |
v Rock-Fuid Gas-0i Contact { DGOC ) I
Depth (REFDEPTH) |
. - “wiater-Gas Contact [ DWELC | I
| Initial Conditions
. r~ Datum Depth for Output Pressure
i-‘, Mumerical Note: This tem is optional.

For more options use the

mm || =& Initial Conditions

~ Bubble Point Input Format
' Resenvoirinitially saturated { PE = P )

" Constart Bubble Pint Pressure ( PE )

Advanced |

=X

Apply Help
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Creating‘l\hjiti’al Conditions

4. Type the following values in the available fields:

27580 (kPa implied) in the Reference Pressure window
3050 (m implied) in the Reference Depth window
3080 (m implied) in the Water-Oil Contact window

(m implied) in the window
5. Leave the other boxes blank.
6. Click on Apply; then OK.
7. You should now be back in the main Builder window with all tabs showing a green

checkmark in the tree view, except for the “Wells & Recurrent” tab.
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Creating‘l\hii’ti'al Conditions

N
CER

8. At this point it is
advisable to save the
data again by selecting
File from the top menu

and Save.
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Incorporating

Well Trajectories
And

Perforations




Once we have created the static model, we will now incorporate the trajectory and perforation information

into the model.

1. Go to the main Builder menu and select Well / Well Trajectories / Open Well Trajectory File....
The following window will pop up.

2. You need to choose Trajectory File Type and appropriate Units for it (3 Steps Wizard).
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“Incorporating Well "\I‘\fl_’r:ajectories and Perforations

s
- < = e ——
- . — - . \ —

3. Choose Table Format and ft for X, Y and Z,MD then browse for the file “TRAJ_Feet.wdb”,

Open, and press Next >(Step 1 of 3)

Il Import well trajectory wizard. Step 1 of 3 il

— Select well trajectony filels]

Select file unitz

LS ft -
File Type: 2 MD: ft =

Table file

¢ Back Mext » LCancel
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tacorporating Well ‘flj_ajectories and Perf

xa

4. Check the box Clear all existing trajectories then press Next> (Step 2 of 3).

Il Import well trajectory wizard. Step 2 of 3 il

Select trajecton names to import [exizting trajectan names colored in gray).

# Trajectary MName | Selection | Select Al |

1 el 1

7 wiall 10 Deselect &l |

3 el 2

4 wiell 3

B Wwell 4

B el b v iClear all existing trajectaries

7 wiell B

o wall 7 [ Aqto_matic data pointl reduction
[eliminate surpluz rajectony nodes

g Wwiel 8 while prezerving deviation data)

10 well 9

< Back Mt » Cancel

4

5. Click Finish to complete Step 3 of 3.

6. This screen will create a vertical trajectory for each well that exists in the main contour map.
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Or 1. Go to the main Builder menu and select Well / Well Trajectories / Create trajectory .... The

following window will pop up.

-
[i" Create well trajectories from model wells (PERFs) k [~

Create well trajectories from location and direction of existing model well completions.
The following conditions apply to selected wells:

- only the 1st of model well completions (FPERF) will be used

- existing trajectories will be deleted.

Select well names: [ wels(inofig.. |

Set KB elevation above datum:

& One for all wells ID m

" Individual values

el | KB elevation abo... | = oK |
Well 1 0

el 10 _ Cancsl |
Wel 2
Well 3
Well 4
Well 5
Well 6
Wel 7
Well 8

k=

(00| =l| M| || hd|—
=R — RN — RN — R — RN

,
|

2. Click Ok.
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7. Now go back to top menu and select Well / Well Trajectories, click on Trajectory Perforation

Intervals... awindow will open.

' Trajectory Perforation Intervals

- .« - D@g

‘l Read File | for selected wells Create well completions from trajectony data
Save As l export perforations for selected wells " Do not create
Quick—PerF perforation options for selected wells " Clear existing & create new for selected wells
Calculate MD values from exdisting model perforations & Preserve existing & create new for selected wels
Trajectory | Select | Date |MD Start ) |MDEnd m) | Status MD Comectio.. |[MD ~ |||

= [+1 |weld
=02 |well 1 |
i 3 |welz
T+ |wels = |
=175 wel 4 |
ar

6 |Wel5

7 |wels ml

8 |wel7 1

< | I | b

Select Al | Deselect Al |

o

=== —

8. Click on Read File and choose File unit selection option as S| then browse Perforations.perf Press

Open.

N
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9. If this is done correctly, the window will be like below Figure.

B ' Trajectory Perforation Intervals l = |s(E} g
Read File | for selected wells Create well completions from trajectory data ——————
Save As | export perforations for selected wells " Do ot create
Quick Perf | perforation options for selected wells (" Clear existing & create new for selected wells
— 1 ~ -
Calculate MD values from existing model perforations PR TR RRREE L
Trajectory | Select | Date |MD Start m)  |MDEnd m) | Status MD Correctio... |MD =
Elﬂ #* 1 Well 1 1991-01-01 2599.042 302434 Perforated Yoo 25.
EII 3024 476 305003 Perforated Yoo 251 8
E|7( 3050.548 3075.08 Perforated Yoo 24
= 1551071 3045 248 3075.08 Cement Sque..™ 0.0 9.
O,

" 3 |Wel 10 1551-01-M 299508 3020 .89 Perforated Yoo 251
¥ 3028.158 3047 49 Perforated Yoo 19.
g 4 |Well 2 1551-01-01 2589.059 3016.06 Ferforated Yoo 271

301648 044 31 Perforated Yoo 274
3045.154 a2 Perforated Yoo 26
155107 3045.154 07132 Cement Sque..™ 0.0 26
N T — B oo T i
Select Al | Deselect Al | ok | camcel | Aty |
i
-

10. Press Apply and then OK. This completes the trajectories and Perforation of the wells in the

model.

CMG



Adding

Historical Production Data

lo the Model




The last item we want to do is add historical rate data so that we can set up a history match run.

1. Go to the main Builder menu and select Well / Import Production / Injection Data (this is the
wizard to import production/injection data into the well & recurrent data for the simulator and it
also defines the status of each well).

2. STEP 1: First step of this wizard is to provide the type and name of the production file. In our
case, we will use General and choose a file in the tutorial directory named Production-
history.prd. Press the Next button.

[Use the Next/Back buttons on the panels to move forward/backward between each Step].
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3. STEP 2: Follow the instructions and highlight the first line containing the production data

(top window) and well name (lower window) (as shown in the following figure). Press Next.

Import Production/Injection DAt T N

Step 2: Choose the file options

Please Select{Highlight) the start line of actual data. having valid Date

MDY m3qsday
WELL: 'Well 1°'

Date 01l Hate Water Rate

ma day

Gas Rate

m3-d

3-31-1991
4-30-1991
5-31-1991
6-30,1991
7-31-1991
8.-31-1991

. . t . E
747.128113 230.886734 141954 3415
237 164459 90 25058 4G061.24721
95 735519 36859092 18189 74861
537.921143 244 .09053 102205.0172
402.530579 165.956543 76480.81001
277282867 396 644012 L26B832.74472 e

|F'Iease Select(Highlight) the line containing first well name

Date 0il

1-31-1991
2-28-1991
3-31,1991
4301991
5311991
6301991
7-31,1991
8-31-1991

H-D-Y w3~ day

Rate Water Rate Gas Rate
n3~day m3-d

) »

WELL: 'Well 1°

3062378418 154.99324 S81851.8994

2678 .308594 452 269501 LGOBE7E 6329

747 128113 230.886734 141954 3415

237.164459 90.25058 45061.24721

95 735519 36 .859092 18189 74861

£37.921143 244 09052 102205.0172

402 530579 165.956543 76480.81001

277.282867 396.644012 52683.74473 L

lWeII Or group names are in rows

Hep |

View Original File Cancel < Back Next > Firizh
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4. STEP 3: If the delimiters look good and the columns are separated correctly, click Next to go

to STEP 4.

Impert Production/Injection D_- m . - 1

Step 3: Choose delimiters

Instructor: Mohammad Amin Gholamzadeh

W Tab ™ Space [V Commz W Semicolon Others: Add |

[w Treat Consecutive Separators as one _IDelete

1 |2 |3 |4 |5 s |7 |8 s
Date il Rate Water Rate Gas Rate
M/DASY m3/day m3/day m3-d

WELL:  "Wel 1
1731719591  3062.378418 15499324  5B1851.8994
2/28/1591 2678308594 452265501 5088786325
33591 747128113 230886734 | 141554 3415
4/30/1991 | 237.164455 | 50.25058 45061.24721
5/31/1591 | §5.735515 36.855053  18185.74861
6/30/1991  537.921143 24409053 102205.0172
7/3115991 402530579  165.956543 | 76480.81001
8/311991 | 277.282867 396644012 5268374473

WELL:  "Wel o
1/31/19591 1319655151  5.268271 250734 4787
272815991 1122472168 72494965 2132657119
373171591 | 301.006134 357542 57151.16546
4/30/1591 106.6059772  B.880283 20255.85668
5/31/15591 | 41.248257 1.5032 783716883

Help View Orginal File Cancel cBack || MNet> Finish |

b F—— =

Page 30
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5. STEP 4: Go to Columns 3to 5 and in the identifier row, choose Oil Produced, Water Produced and

for each column. Leave others as they pop up then click Next to go to the next step.

Import Production/Injection Data
ey L L —
Step 4: Choose column details
Mote: For date formats that span muttiple columns (eq. 26 02 1958), please do selection for each column.
[1 2 3 4 5 |15 7 -
Identifier |Ignore Column = |[Date/ Time v §0il Produced v fWater Produced - Gas Produced ;I lgnore Column || Ignore |
Related info MDY (eq. ... | ||Producingd... |+ WProducing dail... ||| Producingd .. ~| =
Units m3/day - Bm3/day « i m3/day ;I
Expected period Monihly ~ [ Morthiy ~J Monthiy ~| |
Missing dates zeroftake ze... | v fzeroftake zero... | v f zerofake ze.. ;I
|
1 Date ol Rate Wiater | Rate Gas
2 M/DSY m3/day m3/day ma/d I
3
4 WELL: Well 1
5 |
2e /3171991 3062378418 15499324 selesteeM
7 2/28/1591 2678.208594 452 269501 508878.6325 I
2 373115991 747128113 230.886734 141954 3415
gl 473041591 237164455 90.25058 4506124721
10 543141591 95.735519 36.855053 18189.74861 I
1 6/30/1591 537.921143 244 05053 102205.0172
12 743141591 402 530579 165.956543 76480.81001 ||
13 8/31/1591 277282867 356644012 52683.74473
14 v l
o 1 | 3
v Ignore a column for a well if all data are zero or blanks |
Help | View Original Fie Cancel |  <Back |  Net> Finsh | |
e S —
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6. STEP 5: This is the place showing you which well’s production data has been picked up and which well is

not. For example, the program could not find any production data from well 5, 7 and 9. Since wells 5, 7 and 9

have no production history, the easiest action is to delete them from the model.

than that, click Finish. The Simulation Dates window will appear.

Press Close.

We will do this later. Other

Import Production/Injection Data

b —

- —

Injector name suffic

Gas injectors:

Step 5: Check well/group names and primary constraints
Water injectors:

liw

B

Solvert injectors: 5

Add All

Add Only Producers|
Add Only Injectors

Add None

Add Only Matched

For changing
primary constrairts,
please right click
on the selected
cells).

This table lists the existing
well/group names that do not match
the names in the production file.
Select a well/group name by single
click and then drag and drop it to
the New Name column to the left
you want to use it.

Import Name ‘Group | Matched | New Name |.l\dd Primary Constraint | Fraction Unmatched Names

1 [ewel1 O 0il Produced 10 Wel 5

2 |ewel10 O Gil Froduced 10 wiel 7

3 |ewel2 O 0il Produced 1.0 Wel 9

4 |ewel3 O 0il Produced 10

5 |ewelsd O Oil Produced 10

6 |ewelE [m] Oil Froduced 1.0

7 |ewele O 0il Produced

Group adiacert perods with rates within [

(will result in less ALTER keywords)

% of each

Import Datz Options

(" Import data sfterthis date: 19010101 |

= Foreach wellroup, ooy dta ster st st of 6 e s it appen
to the end of old da

& Foreach iy appN data after fret date of new data fnew data
overwite the old data)

Help View Original File

Cancel < Back e || Fiish

B " Simulation Dates

I = =

*  -nokeyword data exists on this date (it can be deleted)

Es3

Date & Time (day)

[set STOP | Commerts

w|ea| ||| ||| =

=

1301-01-01
15510101
13510201
19910301
1551-04-01
19910501
1551-06-01
1991070
1551-08-01
* 19910901

(0.00)
(32872.00)
(32903.00)
(32831.00)
(32362.00)
(32882.00)
(33023.00)
(33053.00)
(33084.00)
(33115.00)

oo

ooooooOo

Add a new date: =

Add a range of dates: =
Delete selected empty )(

dates:

Delete all empty dates: X I

= |
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t’mg Average Monthly Productlon IT

Recurrent WeII Data

Next thing we want to do is to generate the well recurrent data for every month.
1. Go back to the main Builder menu and select Well / Average Production / Injection Data...
2. Now, move your mouse and right click on the y-axis. A menu will show up to allow you to

change the average interval from this point on to monthly, bi-annually, yearly, etc.

IS CMG



3. Select “Reset all intervals to every month” and press the OK button.

i Average Production/Injection Data

B I

Property: IOiI Rate SC: production

=

Begin Apply Date: |1931431411 v[ End Apply Date: |1991419m v[

9823 T T T T T
7,858 ______________ 5_ _________________________ 4 Lmmemmeme e d e oo e
= | | | | :
m il il il il 1
= : : . . H
“g 5894 ----mmromoeee Tt At1991-02-01, change averaging interval to every month Gt
8 : At1991-02-01, change averaging interval to every 2 months :
] 3929 : At1991-02-01, change averaging interval to every 3 months :
m 3079 b-----ooooaooo AR ——— e
g ' : At1991-02-01, change averaging interval to every 4 months :
© : At1991-02-01, change averaging interval to every & months :
1965 )------------- (A At1991-02-01, change averaging interval to every 12 months I
E Reset all intervals to default of every 3 manths 1:—
: Reset all intervals to every month :
0 Y ; ;
1991-01 1991-02 199 Reset all intervals to erginal data 1-08 1991-09
At1991-02-01, reset to orginal data
The following wells are included to compute the above curve, which is used to help you to decide the averaging intervals. When you exit this dialog, ALL wells will be
averaged with the specified intervals.
Vel 1, Well 10, Well 2, Well 3, Well 4, Wel &, Well 3

0K I Cancel Help
— —= =— ———
— — — —
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r

iting Field Production History (*.fhf);% —

_Mateh

1. Next thing we want to do is to create a field history file so that we can make a comparison

between the simulation run and the actual field history file.

2. Go to the top menu again and select Well / “Create Field History File...” then provide a

filename (or you can just use the default). Press OK.
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Well _Defin'iti\Qh and Constraints

1. For those wells that have no production history, we can either delete them or define them as

a producer or injector and shut-in the wells so that they will not affect the history match.
2. In this tutorial, we will delete Well 5 and change Wells 7 & 9 so that they are injectors.

3. To do that, open the tree view and press the Wells & Recurrent tab. Expand the Wells list.

Right mouse click on Well 5, select Delete and press Yes to the message that pops up.

IS CMG



Well _Defin'iti\oh and Constraints

\," .
. |

4. Go to Well 7, right mouse click and select Properties. A new window will show up as follows:

5. Select Well 7.

: — — —_— — —_— ——
17 Well Events [E=E
Yl displayed wells 9of 3 |19|]1-DH]1 vl E|| INJECTOR "Well 7 at 1901-01-01 {0.00 day)
Name / Date | Event | -
ID&T iti i .
199103.01 ALTER ype v Well definition Previous date: <none:
1591-04-01 ALTER ——
1551-05-01 ALTER . ;
19910601  ALTER eme: [l 7 I Edt
15910701 ALTER Muttipliers
1551-08-01 ALTER
15910301 ALTER
Al Welbore Type: |INJECTOF{ MOBWEIGHT LI
10107 “:[E:L o= Injected Fuid Group: I(None> ;I 3rd or 2nd level group with no
constraints other groups attached to it
injected fluid Workover
SHUTIN
Well 8 Options
1501-01-01 WELL B ——
PHODQCEH Layer Gradient
constraints
SHUTIN i
19910101  PRODUCER Gas Lift
constraints
1591-02-01 ALTER Guide Rates
19910301 ALTER
1591-04-01 ALTER T e
1551-05-01 ALTER =
1591-06-01 ALTER
15910701 ALTER
Well 9
1501011 WELL i - |
1% Mame
Sort by: ¢ Date Tools P | Reset Page ¥ Auto-apphy oK Cancel Apply Help
—
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Well Definition and Constraints

6. Click on ID & Type, and select INJECTOR MOBWEIGHT for the type. Check the “Auto-apply”

check box. Press Apply.

x — = = —_— —_——
B Well Events =T g
Yl displayed wells 9of 3 |19|]1-D1-D1 vl Ell INJECTOR "Well 7 at 1901-01-01 {0.00 day)
Name / Date | Event | -
ID&T iti i .

19910301 ALTER ype v Well definition Previous date: <none:

1591-04-01 ALTER —

1551-05-01 ALTER . ;

18910601  ALTER 1 [l 7 I Ed

15910701 ALTER Muttipliers

1551-08-01 ALTER

15910301 ALTER

Wel 7 s [ruEcTOR MOBWEIGHT -1
18010101 WELL | - -

——— OR Injected Fuid Group: I(None> ;I 3rd or 2nd level group with no
constraints = other groups attached to it
injected fluid Workover
SHUTIN

Well & Options

1501-01-01 WELL B ——
PHODQCEH | eyex Grechemnk
constraints
SHUTIN i

19910101  PRODUCER Gas Lift
constraints T

1591-02-01 ALTER Guide Rates

19910301 ALTER —

1591-04-01 ALTER T e

1551-05-01 ALTER =

1591-06-01 ALTER

15910701 ALTER

Well 9
1501011 WELL s il
% MName Iﬁ
Sort by: ¢ Date Tools P | Reset Page I ¥ Auto-apphy oK Cancel | W‘ Help
—
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Well Definition and Constraints

7. Go to Constraints tab (say YES to apply changes if asked!!), and check the Constraint
definition box.
8. Under select new (in the Constraint column of the table), select OPERATE. Then select BHP

bottom hole pressure, MAX, 25000 kPa, CONT REPEAT. Press Apply.

— — —_— —_— — — e =
i1 Well Events [
Yl displayed wells 3of 3 1501-01-01 VI El INJECTOR ‘Well 7 a 1901-01-01 (0.00 day)
Name / Date Evert I - Iﬁ .
1991-02.01 ALTER 1D & Type ¥ Constraint definition previous date: <none
1597-04-01 ALTER _ = _ .
15910501 ALTER Ci # Constraint ‘ Parameter | Limit/Mode | Value Action
15971-06-01 ALTER | *1 OPERATE BHP bottom hale pressure N MAX N 25000 kPa CONT
18510701 ALTER Muttipliers oy =]
1991-08-01 ALTER _— sslectnew
19910901 ALTER Welbore
Well 7
15071-01-01 WELL y X
INJECTOR Injected Fluid
constraints
injected fluid Workover
SHUTIN = < [ D
Well 8 Options
19010101 WELL == v | 3]t
PRODUCER ®| o~ =
- Layer Gradient
constraints
1991-01-01 gggEILTCER o < constraint modiers >
constraints ™ Change cument primary constraint (ALTER) [~ Set new or change old constraint (TARGET)
18910201 ALTER Guide Rates
19910301 ALTER ———— P [okra # |Pammeter | Value |
19910401  ALTER Comments
19910501 ALTER = select new
15971-06-01 ALTER
1551071 ALTER Mter:  previous date: <none>
Well 5 .
15901-01-01 WELL - = | Target: previous date: <none> ><
. % Name ﬁ
Sort by:  Date Tools  » Reset Page W Auto-apply oK | Cancel | Apply Help
——
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Well Definition and Constraints

9. Go to the Injected Fluid tab and choose Water as injection fluid. Press Apply.

= — —_— —
7 Well Events == g
ll displayed wells 3 of 3 |19|JHJHJ1 - El INJECTOR 'Well 7 at 1901-01-01 (0.00 day)
MName / Date Event B D & Tyme
199103017 ALTER ue [Feceanad  [waren lll
19910401 ALTER ]
1991-05-01 ALTER Constraints
19910601  ALTER =
19910701 ALTER Multipliers
19910801  ALTER
19910901  ALTER Welbore
Well 7
19010101 WELL - -
INJECTOR e
constraints
injected fluid Warkover
SHUTIN
Well 8 Options
15010101 WELL e
PRODUCER Layer Gradient
constraints
SHUTIN ]
19910101 PRODUCER Gas Lift
constraints T
19910201 ALTER Guide Rates
19910301 ALTER _
19910401  ALTER Commerts
19910501  ALTER e
19910601  ALTER
19910701  ALTER
Well 9
19010101 WELL n il
Sort by: ; g:tn;e Tools » | Reset Page W Auto-apply QK Cancel | lw‘ Help p
—
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10. Go to the Options tab. Check the Status box and choose to SHUTIN the well at this time.

Press Apply.

: — —_——— ———————
i1 Well Events (B ==
displayed wells S of 9 [15010101 - = INJECTOR 'Well 7 a 1901-01-01 (0.00 day)
Mame / Date I Evert I - ID & Type
1991-03-01 ALTER Controls |Add / Remove | Type / Value | Pre'
19910401  ALTER _ 2
1991-05-01 ALTER Constraints Operating
1991-06-01 ALTER Status Status SHUTIN 1
193107 ALTER Multipliers ) ) B ) -
1991-08-01 ALTER Fraction of time the well ?5 on line ON-TIME 1
1551-05-01 ALTER Wellbare Alter polymer concentration [] ALTERCF 0 kg/m3
Well 7 Alter seawater fraction [] ALTERFS 1]
1501-01-01 WELL A ) : o :
INJECTOR Injected Fluid Set well's phase productivity [] SETRI Qil
constraints pi value/multiplier 0 m3/dayFa)
injected fluid Workover Numerical
Well 8 SHUTIN Inttialization frequency of bottom-hole p... [ WELLINIT ITER
1501-01-01 WELL Reset operating constraint after value .. |:| MRC-RESET RESET
FRODUCER Layer Gradient Perforations in inactive blacks [] NULL-PERF CLOSED
i ————— | Numberof points for WHP roct search [ ] NWHYFS 9
1551-01-1 PRODUCER Gas Lift Simuttanecus BHP and well head tterat... [ | BHPHEADINIT SEPARATE
constrairts } Well head iteration [] HEADITER ONE-STEP
19910201 ALTER — Guide Rates e .
1551-03-01 ALTER —— Well artificial lift quantity D WELLALG 1}
19910401 ALTER Comments
159310501 ALTER =
15931-06-01 ALTER
1931-07-M ALTER
Well 5 < | n | b
1501-01-01 WELL s 5 |
% Name
Sort by: ¢ Date Tools | Reset Page ¥ Auto-apply QK Cancel | Apply Help
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11. Now, we can copy all the above specifications to Well 9.

To do that, make sure you are looking at “Well 7” in the Name/Date list.

Then highlight the

following Events (for Well 7) by clicking on them with your mouse and pressing down the Citrl

key to select multiple items: INJECTOR, constraints, injected fluid and SHUTIN (all of them!!!).

B Well Events

— — —_—

T | displayed wells 9 of §

1591-03-01
1991-04-01
1391-05-01
1991-06-01
1391-07-01
1591-08-01
1991-05-01
Well 7
501010

Well 8
1301-01-01

1591-01-01

1391-02-01
1591-03-01
1991-04-01
1391-05-01
1991-06-01
1391-07-01
Well 5
1301-01-01

st

Name / Date I Event I -

ALTER
ALTER
ALTER
ALTER
ALTER
ALTER
ALTER

Y
INJECTOR
constraints
injected fluid
SHUTIN

WELL
PRODUCER
constraints
SHUTIN
PRODUCER
constraints
ALTER
ALTER
ALTER
ALTER
ALTER
ALTER

m

WELL

Tools  » |

N

- = =
|19|]1-D1-D1 vl E|| INJECTOR "Well 7 at 1901-01-01 (0.00 day)
1D & Type ¥ Constraint definition previous date: <none>
Cy # Constraint |Pammeter Limit/Mode | Value Action
#1 |OPERATE  BHPbottomholepressure  * MAX 25000 kPa CONT
ILEEE select new LI
Wellbore
Injected Fluid
Workover
< 1 3
Options
—— x| a|v]| &=
o 22l El
Gas Lift « constraint modifiers >
[™ Change cumert primary constraint (ALTER) [~ Set new or change old constraint (TARGET)
Guide Rates
BHP [0 kFa # [P Value |
Commerts select new

k=

Alter:  previous date: <none

Target: previous date: <none ><|

Reset Page v Auto-apply 0K | Cancel Apply Help

—— 4

CMG



Well Definition and Constraints

12. Press the Tools button at the bottom of the screen, and select Copy events using filter. This

will open a new window.

- —_— —_——
7 Well Events B
Vl displayed wells 5 of 5 |19|]1-D1-D1 vl Ell INJECTOR "Well 7 at 1901-01-01 (0.00 day)
Name / Date Event . . . .
1591-03.01 ALTER ID & Type ¥ Constraint definition previous date: <none>
}Ig:llm:ll ﬁggg Cy i # Constraint |Pammeter . Lim'rt,-"l'u'lode‘ Value Action
1991-06-01 ALTER T #*1 |OPERATE BHP bottom hole pressure MAX 25000 kPa CONT
1991-07-01 ALTER Muttipliers et LI
19910801  ALTER R SEeE e
1991-09-01 ALTER Wellbore
Well 7
1901-01-01 WELL ; ;
INJECTOR GEEErL
constraints
injected fluid Workover
SHUTIN | < 1 ¥
Well 8 Options
1301-01-01 WELL —_— R -
FPRODUCER . LI _l_I %lEI
- Layer Gradient
constraints
SHUTIN
1991-01-01 PRODUCER Gas Lift « constraint modifiers >
189102.01 i‘r_’]ﬁé’;jms Guide Rates [™ Change cumert primary constraint (ALTER) [~ Set new or change old constraint (TARGET)
1991-03-01 ALTER e EHP ID kPa # P Value |
1991-04-01 ALTER Comments
1991-05-01 ALTER | select new
1991-06-01 ALTER
1551-07-01 ALTER Alter:  previous date: <none
Well 5 ) |
1901-01-01 WELL n = | Target: previous date: <none ><
el
Sort by: ~ g:tn;e Reset Page v Auto-apply 0K | Cancel Apply Help
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Well _Defin'iti\Qh and Constraints

13. In the Select Wells tab, check on Well 9 and then go to the Select Dates tab. Check the date

1991-01-01 and press the Search & Add button. The window should look like this:

= - e T e T —
Select well-date pairs to copy event(s): INJECTOR, SHUTIN u
4. - Search Results
| 1-Seectwels | | 2-SelectDates | 3-Set Search Conditions | bold - new ftem biue - repeated tem
—Auto selectdates ————————————

1 [ 15010101 | o = 2|\l Date |

5 [ 19910101 & Al 1 |(welld 1901-01-01

3 ] 1991-02-01 " Highlighted

4 ] 15910301 " Bystep
n 5 ] 1991-04-M1
I s [] 19310501 from:  [T9071-07-07 E|
il |7 L] 19910601 to: 19510507
| 8 ] 1891-07-M1 EI

) [] 19910801 step: i

10 ] 1991-09-01 Days -
Il
I Select |  Deselect |
bl

[~ Do you wart to create new dates? |
b
f Add a new date; H |
L
f Add arange of dates: :2-2] |
b
L
b
|
[scacnendd | Delete kem |

W 0K Cancel | Search & Remove | Clear List |

== — |

IS CMG




OK to close the window.

Select well-date pairs to copy event(s): INJECTOR, SHUTIN

14. Click OK and the same constraint information created for Well 7 will now be copied to

Well 9. If a message pops up requesting to change the well type for Well 9, say Yes. Press

1.- Select Wells

2.- Select Dates

[

1501-01-01

| 00| | BTN et R —

—
=

oooooooOno

1551-01-01
1591-02-01
1991-03-01
1991-04-01
1991-05-01
1991-06-01
1991-07-01
1951-08-01
1991-08-01

3.- Set Search Conditions I
— Auto select dates

o« Al
i~ Highlighted
" Bystep
frem:  [1307-01-01 | |
to: 1991-03-01 H |
step: |-|
Days -
Select |  Deselect |

™ Do you warnt to create new dates?

Add & new date: H |

Add a range of dates; B |

| 0K | Cancel |

—4. - Search Results
bold - new item

#

Well

1

Well 9

Search & Add I

Search & Remove |

blue - repeated item

— 4
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15. Make sure that the View Type is set to IK-2D X-Sec (located in the upper left hand corner of

the main Builder window).

16. Even though we defined Well 7 as an injector, provided constraint information and defined
the trajectory path, well completions (or perforations) might need to be defined along the
trajectory path. If the well completions are not defined, then the simulator will not be able to

properly recognize the well.

D CMG



17. To define some well completions, go to the Well menu and select Well Completions (PERF).

The following window will open:

Note: by default, Builder will provide one completion in Layer K=1. To use the following approach to Add a new

completion, this single completion should first be deleted. Alternatively we can add to the existing completions as also

described below.

N

[ 1 Well Completion Data (PERF) S
Well & Date: I We{l 1 1501-01-01 l | FRODUCER
General I Perforations I Rel.Perm Options I
Well index type GEQ calculsted from geometry, isotropic h
Geometry:
dirzction K s 3
radius (m) 0.0762
geofac 037
wirac 1
skin 0
Use D for turbulert skin factor [] TURB
|Use quadratic gas inflow [] QuaD
|Jse pseudo-pressure gas inflow [[] PSEUDOP
Use layer K directions [] LAYERIK
|Use layer X¥7 geometric data [ LAYER¥YZ apply onty with GED and GEOA
Er | Reset Well | 0K Cancel Apply Help y
2
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Well _Defin'iti\Qh and Constraints

18. Expand the Well & Date list and select “Well 7”.

» To delete the existing perforation date Press the E button and select Completion — Delete Current. Answer “Yes” to delete

the model well. All related information for this completion is also deleted and must be re-entered by reference to one of the other

wells.
r
i Well Completion Data (PERF) u]
L)
Well & Date: | & Well 7 1901-01-01 ~| m Well - New
G | I oo I Rel Perm Onti Well - Delete
Well - Events
Well index type GEO calculated from geometry, isotropic
Geometry: Completion - Add New
direction K axis Completion - Copy to New
radius (m) 0.0762 Completion - Change Date
geofac 037 Completion - Delete Current I
wfrac 1
skin 0 Delete Completions...
Use D for turbulent skin factor [] TURB '
Use quadratic gas inflow [C] QUAD
Use pseudo-pressure gas inflow [C] PSEUDOP
Use layer IJK directions [C] LAYERWK
Use layer XYZ geometric data [C] LAYERXYZ apply only with GEO and GEOA
|
| B| Resetwe | oK Cancel Aoply Help

. = /

CMG



~ ~

. X
N

Well D_efin’itj\ph and Constraints

* Press the [B] button and select Completion — Add New. Press the OK button in the window that pops up
regarding the “New Well Completion Date”.

» Select the Perforations tab and press the ) Bedin | button. This will allow you to use your mouse to select
the grid blocks where you want the well completions to be.

« Since the well will be SHUTIN right away anyway, the location where you click in the grid does not have to
be exact.

 Change the Plane Slider to 15 so that you can see the trajectory for Well 7.

« Use your mouse to click two or three times somewhere along the Well 7 trajectory in the main Builder window.

. Press| ® swe  Whenyou are done. Press Apply and then OK.
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Well Defin'itj\Oh and Constraints

EFile Edit View IO Control Reservoir Components Rock-Fluid Initial Conditions  MNumerical Well Tools Window Help
[DE @R (SO 7| K6 | [Woeroe ]| |7 B
[K2DXSec <] Tooohososowm T 15"”‘E'I Specify Calculate Validate With
|Block: Fill ~| | Grd Top =2 [ EECIE R TR Property Property IMEX
z V10 Cortrol Grid Top (m) 1901-01-01  J layer: 15
ﬁ 7 e T T | T T T T T T T T T | T T T T T T T T T T T T T T T T T L
- File: Tutorial2 dat
& E:“::'e:s - 0 1,000 2,000 g - |User. Mohammad
= - & |Date: 24.12.17
= v Initial Conditions C 1 |scale 117053
Q v Numerical — ~ |2/ 6.00:1
£ | | 4y Wells & Recurent »E 7 |Axis Units m
3 < Tubing Tables (0) C 1
= Groups (0) — 7] 3,179
& < Wells (9) - ow g ,
et Well1 —S S —
| Well 10 e R 3,159
Well 2 C 1
Well 3 - i
Well 4 - B 3,138
- ] 3,118
T - o 4
& Well @ —2 2 3,097
(- Dates (10) =] -
----- = Triggers (0} _ 7
~— Well List (Open/Shut) : : 3’077
- ] 3,056
[ o o 3,035
- S Well 7 ] 3,015
L 000 _ 1090.00 2180.00° B8 5 994
B 0.00 0.25 0.50 0.75 1
C ] 2,974
L 0 1,000 2,000
—] 1 | 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1
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Well _Defin'iti\Qh and Constraints

- Alternatively, we can simply add to the existing completion, or change it, by going to the Perforations tab

and Delete the existing completion with the [X] button and Add new completions with the mouse.

19. Repeat the steps in Section 18 for wells 9.

20. If everything is OK, all of the tabs in the tree view should have a green checkmark. Although a
will be shown for the Wells & Recurrent tab.

21. Please save the file one more time!
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Write Out Restart
information to a Restart File




1. Click on the I/O Control tab in the tree view.

2. Double click on Restart.

3. Check on Enable Restart Writing.

/0 Contral 4

Reservoir

4
v
v Components
+  Rocl-Fluid
4
v

,

Initial Conditions

Mumerical

Wells & Recument

""" v Titles &nd CaseID
----- v Run Time Dimensioning

----- v Simulation Results Output
----- v Text Cutput
----- v Miscellaneous

Restart and Writing Rastart I o—

— Reading Restarts

[~ Restart from previous simulation run (RESTART)
Simulation output file to restart from:

Record to restart from: I

]
=]

—Wrting Restart
Maxdmum number of restant records stored "REWINDY) |1 _l;

Restart Whiting Frequency (WRST)

View/Edit TNEXT Dates |

DatesTime | Witing Frequency Options | Walue |
E 1501-01-01 Every TIME or DATE keywords (TIME)
Err | oK Cancel Help

CMG



4. Press the + button and select the first simulation date which is 1991-01-01. Press OK.

5. Set the “Writing Frequency Option” to

6. Click OK to close the window.

Restart and Writing Rastart I o—

— Reading Restarts

[~ Restart from previous simulation run (RESTART)

Simulation output file to restart from:

Record to restart from: I

]
=]

—Wrting Restart

[+ Enable restart writing
™ Ma=dmum number of restart records stored (*REWIND) |1 _l;

Restart Writing Frequency (WRST) View/Edit TNEXT Dates |

DatesTime I Witing Frequency Options I‘u’alue |
Z 1501-01-01 Every TIME or DATE keywords (TIME) )
Err | I oK I Cancel Help
- ——
e —

N
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7. Click File in the main Builder menu and select Save As. Name this file Tutorial hm.dat.

8. We now have a completed dataset so we can exit Builder and drag and drop the
Tutorial_hm.dat file onto the IMEX icon to run it. You will be able to make prediction runs

without having to rerun the historical data portion as a result of using the Restart Run feature.

hm = history match
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Running the IMEX Dataset




ot

P

e IM EX Dataset

1. If everything is OK, you should be able to run the dataset using IMEX. First locate the file Tutorial hm.dat in
your launcher, then drag and drop it onto the IMEX 2006.10 icon and release the mouse. A new window will
show up. Press the Run Immediately button.

2. If there are no errors, a MS-DOS window will open up and show you the progress of the run. When finished,

the MS-DOS window will be terminated and shows a brief summary of results.

B C\Windows\system32\cmd.exe = | [E] e -

Field Total
Water Solvent Polymer

CMSM3> CMMSM3> CMSM3> (MMSM3> {MKG>
Cumulative Production 751.61 125.48 35.681 NA NA
Cumulative Injection NA a a
Cumulative Gas Lift HA a ]
Cumulative Water Influx HA HA a
Current Fluids In Place 14748 2579.8 22522
Production Rates 1.2152 .20843 .B4258
Injection Rates NA a a

Times;ggg: 189 Mewton Cycles: 182 Cuts: B Solver Iterations:

Average Implicitness : A.@62

Material Balances <owg >: 1.86808 1.600 1.6001

Average Active Blocks: 2628 Average Mon—-BHP Active Wells:
Total Blocks = 3588 Total Wells : e

Active Blocks: 2628 Non—-BHP Active Wells: 5

Total lstpro~ 5

Time at end o i ion: 33115.0800000 (days>

Average reservoir pressure excluding water zone: 26528.76 (kPal
Total Number of Solver Failures: a

End of Simulation: Mormal Termination

L

CPU Time: 2.95 seconds
Elapsed Time: 3.16 seconds

1
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Reviewing the Simulation

Results vusing
RESULTS GRAPH and RESULTS 3D




We can now look at the simulation run and compare it with the historical data and see how the

reservoir would perform.
1. Drag and drop Tutorial_hm.irf onto the Results Graph 2006.10 icon.
2. Select menu item File; then Open Field History.

3. Select the production-history.fhf file we created in the Creating Field Production History

section of the tutorial.
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GRAPH aRgLRESUL TS 3D

4. Click on the Add Curve icon A2

5. Select the file to display data from as Tutorial_hm.irf. Select curve parameter Oil Rate SC. Choose Well 3 for
the Origin and then Click OK.

6. Now repeat the same steps but this time select the file as production-history.fhf, as we want to compare the
simulated data with the historical input data. You should now see a plot similar to:

Results - [tutonal_hm00.ses]
Results Graph - Add Curve == Mw —

=l S XL 12X Whoefoge <] BT M 4 » M [Fae1 =

Qil Rate SC vs. Time

[E waz Well 3 Tutorial_hm.irf
Siz a1

9 O Fate SC. el 2 Tokossl pmi
(L0 Tutorial_hm.irf ¥| Origin Type IWeH vI 9 DR w3 1,200

B ] Y104 R ST
© % AXIS: Time A e
@ Y AXIS: O Rate SC 1.000
Parameter Companent ' \—|

Liquid Rate SC - Yearly ~
Oil Cut SC

Oil Cut 5C - % @
Qil Gas Ratio SC

800 \
600 \
400

v \'\./‘

Add Block Propery Vs. Tme | 0 i .
| 1991-2 1991-3 19914 1991-5  1991-6 19917 1991-8 19919 1991-10
Time (Date)

Oil Rate SC (m3/day)

@ Plot On Y1 Axis
" Plot On Y2 fis Add Difference Property

1 Plot On Y3 Ads

" Plot On Y4 Axis Cancel Tutorial_hm.irf
= Producticn-history. fhf

CMG



GRAPH aRgLRESUL TS 3D

P

7. Repeat the same procedure as above except this time, plot the Water Rate SC & curves either in
the same plot or separately.

8. In order to view this plot for all the production wells you can use the Repeat origins button

9. In the Repeat Plots window, select the All Producers option and OK to generate the plots.

10. You should now have a series of plots showing the historical data and simulator calculation for each of
your production wells.

11. You can now continue to investigate the results from these datasets in Results Graph and Results 3D, and
interactively discover the large range of features that are available to you for analyzing your data. Exit Graph

and save the template file.
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Using the Historical Data
Restart File in a Prediction Run




NOW

we want to

predict the reservoir performance

until 1993/01/01

If the producers are fixed to a

minimum BHP of 15000 kPa.

- CMG
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1e Historical Data\ReStart FileinaP

\)‘

1. Load the dataset tutorial hm.dat back into Builder.

2. Click on the I/O Control tab in the tree view.

3. Double click on the Restart option.

4. Check the box for Restart from previous simulation run (RESTART).

5. Browse to select Tutorial_hm.irf. Click “Record to restart from” (Note that a series of restart dates
are now available).

6. In the “Record to restart from” field, select the date 1991/09/01 and then press OK to exit back to the

main Builder window (press OK to the message that appears).
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7. Click on the Well & Recurrent section in the tree view and expand the Dates.

8. Double click on the date 1991-09-01.

9. If the set STOP box is checked on this date, uncheck it. Then click the button Add a range of dates.
10. Change the range of dates so that the From date is 1991-09-01 and the To date is 1993-01-01.
Press OK. Press Close.

11. If the set STOP box is checked on 1991-09-01, uncheck it and check 1993-01-01. Press Close.

12. Click on the Wells & Recurrent section in the tree view again. Expand the Well items in the tree

view and double click on Well 1.
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13. Change the date to 1991-09-01, check the Auto-apply check box, and click on the Constraints tab.

14. Check the Constraint definition box, then change OPERATE, MIN BHP to 15000 kPa.

15. The panel that is displayed should look similar to:

16. Click Apply, a new constraint will be created in the date 1991-09-01 for Well 1.

The next task will be to copy the same constraint to all the other wells to do the forecast.

— = =
——— N W

—_——

==

B Well Events
T | displayed wells 3 of 3 1991-03-01 vl = | PRODUCER "Well 1' at 1391-09-01 (33115.00 day)
e/ Dete__| Bt * Datpe  [[F Comtart dciion] previous date: 1991-01-01

13010101 ‘I?I;EJ_I[_JUCER I G i I # Constraint | Parameter | Limit/Mode |\|’a|ue Action
constrairts = 1 |OPERATE  STO suface oil rate Y mAX Y 306238 mdday | CONT
SHUTIN Muttipliers - -

15810101 PRODUCER #2 OPERATE  BHF bottom hole pressure MIN | 15000 kPa | ConT I
constraints Wellbore select new Y|

1591-02-01 ALTER 4

1991-03-01 ALTER . "

19910401  ALTER TERE

1991-05-01 ALTER

19910601 ALTER Workover

19910701 ALTER T < L1} '

1591-08-01 ALTER Options

1991-05-01 ALTER —_— x| o+ &=

w1 oo Xl e

19010101 WELL
CPE.IC;?EH&EH Gas Lift < constraint modfiers >
SHUTIN [¥ Change cument prmary constraint (ALTER) [~ Set new or change old constraint (TARG

1991-01-01 PRODUCER Guide Rates . prmary & ) < e
constraints —_— 5TO 0 m3/day b= | Parameter Value |

1991-02-01 ALTER Comment:

1591-03-01 ALTER L select new

1991-04-01 ALTER

1991-05-01 ALTER Alter:  previous date: 1991-08-01

1991-06-01 ALTER |

1991-07-01 ALTER i = Target: previous date: <none> x

1681.02.01 A1 TER |

& Name ﬁ
Sort by:  Dae Tools » Reset Page | ¥ Auto-apply 0K | Cancel | Apply Help |
: e e _44.. — 4
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17. Highlight the Well 1 constraints Event for 1991-09-01 (in the Name/Date list). Click the Tools

button at the bottom of the screen and select Copy events using filter.

18. Follow the steps below carefully:

» On the “Select Wells” tab; check Producers and Select.

» Then on the “Select Dates” tab check on 1991-09-01.

> At this tab; make sure to check on “Do you want to create new dates?”. This option creates new
date for wells which are already shut in because of production history event.

» Press the Clear List button.

» Press the Search & Add button, then OK. All the wells except wells 7 & 9 will have a new constraint

starting 1991-09-01.
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19. On the “Well Event” window; you might see ALTER event equal to 0 on 1991-09-01. This should be

deleted from prediction data file.

; ——— R W T — —
7 Well Events [ESE =5
Vl displayed wells 9 of 9 I'IQQ'I-DS-D‘I vI E]l PRODUCER ‘Well 1" at 1991-09-01 (33115.00 day)
1:;":1:‘ (I i - D' & Type [V Constraint definition previous date: 1391-01-01
1301010 ‘;VP%‘E UCER | Ci ints # Constraint | Parameter | Limit/Mode | Value Action
constraints | —————— |#1 |OPERATE  STO suface oi rate Vmax Y 306238 mi/day |CONT
5910101 PODLCER Matipiers 2 |OPERATE  BHPbotomholepressre  “MIN Y 15000 kPa CONT
constraints Wellbore select new j
1551-02-01 ALTER =
1591-03-01 ALTER ) )
19910401 ALTER SRl
19910501 ALTER
1991-06-01 ALTER Workover
1591-07-01 ALTER T < LI >
1591-08-01 ALTER Cptions
19910901 F‘F{ODlTICEF{ — ﬂ A I - | Lﬁﬂl%'l
Layer Gradiert |Move well constraint down|
— “‘--.---l-....
1901-01-01 WELL Gas Lift “, (coﬁmglnt modifiers
PHC;D Urtr-t:EH Guide Rat ™ Change curment primary constraint {ﬂtLTEF{} ‘ [~ Set new or change old constraint (TARGET)
constraints uide Rates L]
. .
19910101 gEgEILTCEF{ | ‘,. STO ID m3/day ‘.' # Parameter | Value |
constraints Commerts o “a, Last . select new
S L] Emmmmu®
1551-02-01 ALTER
1551-03-01 ALTER Alter:  previous date: 1991-08-01
1%1_0541 QEEE Target: previous date: <none> ><|
1061601 A1 TER S e |
o
Sort by r g;me Tools  » | Reset Page ¥ Auto-apply CK | Cancel Apply I Help |
E— |
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20. Right click on highlighted ALTER and select “Delete event using filter..” then repeat step 17 to fix it.

21. Click OK and return to the main menu.

22. Save the new file as Tutorial pred.dat.

Now all checkmarks must be green.

23. We can now exit Builder and drag and drop the Tutorial pred.dat file onto the IMEX icon to run it.

/0 Control

Reservaoir

Components
Riock-Fuid
Initial Conditions

MNumerical

Wells & Recument [ 2

N ASLSLNLN NN

=z Tubing Tables (0]

----- ~ Groups (0)

I |\ (3)

M- Dates (26)

----- ~ Triggers (0]

.. Well List (Open/Shut)

N
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We can now look at the simulation run and compare it with the historical data and see how the

reservoir would continue to perform.
24. Drag and drop Tutorial_pred.irf onto the Results Graph 2006.10 icon.
25. Select menu item File; then Open Field History.
26. Select the production-history.fhf file we created in the Creating Field Production History

section of the tutorial.

IS CMG



&:‘.
—

R —

e Hlstorlcal Data Restart File in a Predic et
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27. Click on the Add Curve icon i}

28. Select the file to display data from as Tutorial _pred.irf. Select curve parameter Oil Rate SC and then Click
OK.

29. Now repeat the same steps but this time select the file as production-history.fhf, as we want to compare the

prediction run and the history match run. You should now see a plot similar to:

[ Fic e view Took Window rep

Do &l 2X2 (12K | [wokPage g% | M 4 P M [[Peset =]
(5 RepeatGroup Well 1 Tutorial_pred.irf
Sy Well1
gt Plot 1
v O Rate SC, Wel 1, Ttoral_predit 4,000

SC. Well 1, Production history fh

3,000

- Wel&
- Welg

2,000

Oil Rate SC (m3/day)

T~

1,000

\

1991-4 19917  1991-10 199241 1992-4 19927  1992-10  1993-1
Time (Date)

Tutorial_pred.irf
[ Production-history.fhf

L —— ‘
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30. You can obtain the same plot for all the producers pressing the Repeat Plots button.

31. Repeat the same procedure as above except this time plot the Water Cut variable.

FE Fie Edit View Tools Window Help

NEd|(&| 258 12X F|

WhoeFege <] E'[T8 | M 4 » M |[Fage v‘

=-(P RepeatGroup

Elr Well 1

Erj? Plot 1
7 0l Rate SC, Wel 1, Tutoral_pred if
7 0 Rate SC, Wel 1, Production-history fh
v Water Cut 5C. Wel 1, Tutorial_pred if
v Weater Cut 5C. Wel 1, Production-History

A Plot Tite

Bl Well 10
Bl Well 2
e Well 3
Bl Well 4
- Well 6
Bl Wel 8

Well 1 Tutorial_pred.irf

4,000 0.70
-0.60
3,000+
. -0.50
g
Z
"E’ I-0.40
O 2,000
[0]
o I-0.30
T
o
6 10.20
1,000
-0.10
i)
0 - I‘ 1 T T T T T 000
1991-4 1991-7  1991-10  1992-1 1992-4 1992-7  1992-10  1993-1
Time (Date)
Oil Rate SC Tutorial_pred.irf
L Oil Rate SC Production-history.fhf
————————— Water Cut SC Tutorial_pred.irf
o] Water Cut SC Production-history.fhf

Water Cut SC
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Adding an Aquifer




The next thing we want to do is add an aquifer, and compare the simulation runs with and

without an aquifer to see the difference it makes.
1. Drag and drop Tutorial _hm.dat onto the Builder icon.
2. 0Once in Builder go to the Reservoir and select Create/Edit Aquifers....

3. Select the first listed type — Bottom aquifer, and OK the panel.

Select Aquifer Location ‘ u

The aquiferis to be connected to the bottom of the
reservair CBOTTOM keyword)

e The aquiferis to be connected ta the boundary
(edge) of the reservoir FEOUNDARY keyword)

The aguifer is to be connected to the user selected
grid blocks ("REGION keywaord)
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4. Select Modelling Method — Carter-Tracey (infinite). Leave all other items blank.

5. OK to exit the panel to return to the model display area.
6. Go to File; Save As and change the file name to be saved to Tutorial hm_aq.dat.

7. OK to save the new file and exit Builder.

JEnit P i B o
Name Aquifer 1 | :>|
Location Bottom =l Edi
Thickness
Porosity
ey You can now drag and drop
Angle fraction of a circle)
B e v 3 Tutorial_hm_aq.dat
Geometry Ea-rter—Tra {infinite extent) B
HeatCapaciy | onto the IMEX icon.
Themal Conductivity I
Compressibility I
Leak ILeakage is not allowed j (TO run SI mulatlon)

Define dimensionless pressure influence function

" Table Editfiew |

' Steady State

2 [Tk ] cancel oy [ Hep
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. The file Tutorial_hm_aq.irf file can be dragged and dropped onto the Results Graph icon.

. Select File; Open CMG Simulation Results from the menu bar and select Tutorial_hm.irf.

. We now have both simulation results loaded so that we can compare them.

. Click on the Add Curve icon i}

. Select File — Tutorial _hm.irf.

. Select Origin Type — Sector (Region).

. Parameter — Ave Pres HC POVO SCTR.
. Click on OK to display the line.

. Repeat the above except select the filename as Tutorial _hm_aq.irf.

N

Results Graph - Add Curve

===

Ave Pres HC POVO SCTR vs. Time

File N Tutorial_hm.if

'~ || Origin Type |Sector (Region) |

X AXIS: Time
% ¥ AXIS: Ave Pres HC POVO SCTR
Parameter

Component

% Plot On 1 fuds
7 Plot On Y2 fois

" Plot On Y3 Avis
£ Plot On Y4 fis

Add Black Property Vs. Time |

Add Difference Property |

Cancel |
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Fan Aquifer'/_AnaIy\zf_ihg the:Data

N
.

10. We now have a comparison plot that should look similar to:

Entire Field

27,600

27,400+

27,200+

27,0004

26,800+

Ave Pres HC POVO SCTR (kPa)

26,600+

26,400 .‘ i i i .‘ 7 7 7
1991-2 19913  1991-4  1991-5 1991-6 19917 1991-8  1991-9 1991-10

Time (Date)

Tutorial_hm.irf
————————— Tutorial_hm_aq.irf
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11. You can also enter the 3D display area from here (Results 3D) and both types of display are linked
together. When you exit Results 3D or Graph, the .ses (line plot) or .3tp (3D image) file referred to is a
template that you can use to re-create the images that you have generated using the same or other

input files.

12. Results 3D and Graph are very intuitive and most things can be accessed by the menus or by right

mouse clicking on the display areas.
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When you view the ternary plot for

Tutorial _pred.irf in Results 3D it seems that there

IS quite a bit of oil left in the southern anticline at

the end of this simulation, especially in layer K = 2,

As part of our reservoir plan we would like to put in

a horizontal well on 1992/1/1 to access this

‘remaining’ oil.
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Fan Aquifer_/_FuftQéir Analysis

1. Load the dataset Tutorial _pred.dat into Builder.

2. Make sure you have the 1J-2D areal view showing so that we can easily locate the well we are
about to add.

3. Click on the Wells & Recurrent tab, then right click on Wells in the tree view. From the popup
menu that appears, select New...

4. Name the new well W11 and change the date to be 1991-12-01.

5. Select the Constraints tab and check the Constraint definition check box.

6. Enter the constraint OPERATE; BHP bottom hole pressure; MIN; 10000 kPa; CONT REPEAT.

7. Click OK to exit from the Create New Well panel.
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8. Well W11 should have appeared on the Well & Recurrent tree view. There should be an

exclamation mark next to this well indicating that there is a data problem.
9. Right click on this well and select Validate to display any error or warning messages. The

message should indicate that there are no valid perforations.

Builder |. SIE

Edit

Yalidation results:

Warning for well 'Uell-11' PEREF completion 1991-12-01:
— well completion has no open perforation nodes.

ak. Save tofile...
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10. Click the + sign next to W11 and double click on 1991-12-01 PERF.

11. In the Well Completion Data (PERF) panel that appears, select the Perforations tab.

12. Click the Begin button to Add perfs with the mouse.

13. Then click on the tool button for Advanced options for perforating intermediate blocks between mouse

clicks.
= — —
7 Well Completion Data (PERF) 5
Well & Date: & Wel-11 1951-12-01 ;I 4 | PRODUCER
General I Perorations I Rel Perm Options |
Perforated grid blocks: % Use trajectory perf intervals... | E =
By | H Uszer Block Address | Connect to Form factor FF | Status
o
¥
< Tl | »
B| Resswel | ok | Cancal | Apply Help
24
—_—

N
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14. Check the Perforate all intermediate blocks box, and check the box to Set constant well

length and change the well length to 1000 m. Then click OK.

15. Now, move the Well Completion Data (PERF) panel to the side so that the model grid can be
viewed. Using the knowledge gained from the previously displayed oil saturation plot from
RESULTS 3D, select an area in the model that has both high oil saturation, and low well density.
Once the area for the new horizontal has been selected, click once to add the first perforation.
Move the mouse to a position approximately near the end of the 1000 m horizontal well and

click asecond time. Click OK to exit.

IS CMG



IS

’
4

=~

wn
)
@
C
<L
W 4b
) W
i)
(Ul
)
LD
/,,
B
(D)
av
|
(@N
<
L
©

N
b

around plane 12. Note, the exact grid block position may vary slightly from that displayed

16. Well W11 should have appeared on your display. You can also view it in JK cross section

below:

CMG
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17. Note that the perforation will appear and disappear depending on the date you have

displayed in Builder.

Specify Calculate
a 1a91-01-01 - Property Property
= [199:1-01-01

|1331-07-01

Well-11

N
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iAgan Aquifer_/_FuftQéir Analysis

18. Double click on to see that there is one date associated with it 1991-12-01. If there
Is also the simulation start date 1991-01-01 then select this date in the tree view, right mouse
click and select "Delete". This will remove this unwanted date.

11. “Well 11” is now fully defined. Save the dataset as Tutorial_Predl.dat, and exit.

12. Now run the dataset in IMEX and compare it with tutorial_pred.irf. Look at the oil saturation
at the end of the simulation in Results 3D and the Field oil production rate in Results Graph.

Note the increased production when the horizontal well opens.
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ran Aquifer /Eurtier Analysis

Results—[tutorialJ)redll]l:l.ses] _|EI Ll
mﬁile Edit Wiew Tools Window Help _IE' il
LW &l X2 |2xa| | [whoePage Z] £ [T [ M 4 b M [P .|
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B = R Time
BT YT Cum
M El Legend
A Plot Title
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|Fer Help, press F1 v

CMG



Good luck

“Mohammad Amin Gholamzadeh”




