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Scenario modeler introduction

CEEP

HRE D 10 model  Synthetic sstup
well - T N
Exploration_1

The new scenario modelling tool was
designed to allow the rapid creation of
seismic synthetics. This can be used for
several workflows such as modelling
production scenarios, comparing wavelets
Three methods for creation of scenarios are
- Supported:

10 model | [Rock Physical Change] | = Synthetic setup

Simple user defined layered models

Resld |t Blocky log based models

ID: 59
Name: X1_VP_brine_highP_UR

Full well log based synthetics =
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This tutorial uses the project 4D_Tutorial Leiden

* Using log sets to create and compare well log
synthetics

« Comparing production scenarios using blocky
models

« Making Rock Physics changes to blocks

 Creating Blocky models

Scenario
modelling
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Scenario modeler
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Sharp Reflections >>> Current Pr¢

This tutorial uses the

4D Tutorial_Leiden project. This
can be opened from Project ->
Open Project and then browsing to
the project folder and double
clicking the
config_PreStackPro.xml

This exercise predominantly uses
the new scenario modelling tool
which is found under Interpretation-
Processing -> Synthetic Scenario
Modelling
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Well log synthetics
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Well log synthetics — in situ Ol

Scenernio Modeller

\LIE"1 ¢ With the

bl E P e # 10 mace! | [FERERRAEICRGE] | Spwhclae i <IVPP VSRR Vo 5 BE 4D_Tutorial_Leiden
" - 5 Monitor 5 |E|l= i Ja e cas Nu data set§No data set§No data set Y T
Scenarios well Base Monitor .‘_:. E I:zaaanlvuooo I200(3| 0.0 1103 s ()AnglL e OAm:IL CEiE OAnq Lavers prOJeCt Open
E [a) ngnIvsman Inhq MojllAl Moni M e e y
2 | * [B2200.0{is00.00 |2 .00 {§l4000.0f 1103|X _*’\flf_‘l_n_gl_';, X _-‘\E'E_A_"_QLEEE _"\E'E_A_"_gl_e‘;
l Kl TS T K] T3 K '-—10 (0] 10}-10 Cll 1010 O 10|
T~ I E H E2H 3H BH HE We are going to create a

i full well log synthetic for
— | T the in situ oil filled case
Reference Well | Exploration 1~ |2 1| .

at the exploration well

Log Set | brine_initp BN

Vp Log |g| |
kg »‘ _NONE_ Domain Minimum Maximum Unit Interval Elements
a1 b ey voe 1. Open Synthetic

o —— i Scenario Modelling

T Drre—inftf

(%] ges_initp pase coor [ from Interpretation-
it Processing
2. Click the well
synthetic icon i
3. Selectthe
Exploration_1 well

4. Selectthe
Insitue_Oil_initP
logset
wtsle 0 m/s@l0 m/s@0 g/crf0 m/s.{l0 @ O
| e Dm{s 0 m/s@0 g/crfjo m/s. 40 @ 0

|’Cance\ || Bselect |
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Well log synthetics — In situ Oll

Scenanio Modeller

5 1. You should now
nae, . .
have a first scenario

|";|| %:‘ E| tt] ﬁ # 1D model ‘ =» Synthetic setup 3 <[RA]
{eTs W Base Monitor = zzouulvgc?:ﬁlgtglgaw 3355 1qu§|5¥gthletlt(=)() I[“’D";faos::q Wthh haS |nher|ted
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[2] Fulllog Insitu_oi_initp F 12 |B b se B o el oaxis: angrefici rgid the logset name

! e . I r Lz z’ Ts z‘ Lz z’ ‘s g. < ﬁ.“ T — 2. Drag and dfOp this
N e %"FEFE’:EFEFE ; he b |
ag & drop 2 Name: Exploration_1 17T |nt0 t e ase pane
’ " 3. Thelogs and
synthetic should

Well TD File
ID: 552
Name: X1_TIME-Checkshot

vlg’;;gil::w_oi._m display in the tracks
\J’I%:nggﬁFile tO the rlght

Name: X1_VS_oil_RU

2300 210
‘ " aaboo
T
7 ' ——

R M‘mm?““’m"r” i A )|

Density Log File
ID: 604 Drop scenario here

Name: X1_RHOB_oil_RU i: :
Info -t i i
Type: © 15+

2405 o0
2405 00

WellHead (Inline/Xline): [ 1230.71 |
205099 |

i

Kelly Bushing elevation: 23 1 L
True depth (MD): 2800

me

Water depth: 382

N
"zeboo
"Jeboo

E
TWT data: Calculated from checkshots
- o e "] ke

T ranversinn: 173 entriec

r L

T
MT&M“

|
AN

S

2.

) [3442.411626.32.325410 m/s.40 @ 1|
U m/s@0 m/s@0 g/cnj0 m/s.40 @ 1.|

2.598
7938.38 -
2938.38
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Well log synthetics — Brine sub log set

Scenanio Modeller

E\ el We are now going to
FIEEDe & 10 model | [Rack Physical Change| | = Synthetic setup ‘@"-"@’@"-’4‘ repeat the steps to
i = I‘Z‘EOE";;' I\’;c:3 oo I;':l%?;‘ oo.0{l 10 34Synthetic() : INo data set
I“—IZ—I——T Argle:0 -0 XL ffji wyers | Create a second
2200.0(f§200.00 [§2.00:. |l4000.0(f1.10 3. Xis: e|X-Axis: Angle - . .
C e scenario using the brine
well File [ [ fill log set at the
|D: 543 ) ] i
T Sprston-t L i exploration well
Well TD i .
Name: X1 TIME 1. Click the well
synthetic icon
2. Selectthe
Exploratio_1 well
3. Selectthe

brine_initP logset

Well Base Monitor

Exploration_|

»
TWT (s)
TVDss(nﬂ

| = | Full log Insitu_oil_initP

Logs

2000
min|*
max
min
max
min
max
min
max
min; *
max

kshot

VP Log File
ID: 601 : - 2
Name: X1 VP ¢ Reference Well | Exploration_1 ‘ 5

P RIS WS,
.|

o
+

i A

2200.00
220h.00

l-f\-—-"w“—-vr\
]
by

VS Log File Log Set | brine_initP 2]l
ID: 585 -
Name: X1_V5 ¢ Vp Log |44 |

Density Log Fil Vs Log " NONE

ID: 604
Name: X1_RHO Density Log [%] brine_highP

i ||; ;! ail .hlghP
Lz]

Domain  Minimum Maximum  Unit Interval  Elements

Property  Value

TR

Logs 3
il L
gt Base Color -

—

Well File
ID: 543 .
Name: Exploration_1 Dependencies

. Belongs to Survey: Default
Well TD File

ID: 552
Name: X1_TIME-Checkshot

VP Log File
ID: 601
Name: X1_VP_oil_UR

VS Log File | ®cancel || Bselect |
ID: 595 -
Name: X1_VS_oil_RU ‘ - ||_§: |

00

Density Log File
ID: 604 c >

2.

Name: X1_RHOB_oil_RU

Info 3300.41871.9/2.348910 m/s.{0 @ 1]
z 0 m/s@0 m/s@0 g/cnfj0 m/s.40 @ 1|

Lnns - 1 >
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Well log synthetics — Brine sub log set

Scenanio Modeller = [E

t 7 & 4 1. You should now
have a second

SEEOR & 10 model | -+ Synthetic setup B R
- N — 3 _ I\Jp Basi{fijvs Eas(l A BVs B s s - -
scenarios well Base Monitor £ [H2200.0{f900.00 [[2.00.{ll2000.0{f1 10 3.[Synthetic() :|Synthetic() : [Volume Calc scenario for a brlne
Full log Insitu oil initP i [ g = O VR U T — Angle: 0 Angle: 0 Angle: 0 Layers ] ]
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| wetl Fite of | [EEleleeeEle s —— | 2. Drag and drop this
ID: 543 ID: 543 i = = = = = H H
Drag & drOp Name: Exploration_1 2 Name: Exploration_1 Tr |nt0 the monltor
Well TD File ell TD File 1 [ P
ID: 552 ID: 552 T |{ { panel
Name: X1_TIME-Checkshot Name: X1_TIME-Checkshot i T
VP Log File VP Log File gl [ 3. The IOgS and
ID: 601 ID: 594 4] '!; .
Name: X1 VP oil UR Name: X1 VP_brine UR 12 12 L L syntheUC ShOUId
VS Log File VS Log File A . .
CECIN ID: 5%6 , Tr , display in the tracks
Name: X1_VS_oil RU Name: X1_VS_brine_RU s
[ [ L — — .
Density Log File Density Log File g1 L k 4 tO the rlght
ID: 604 ID: 602 a1 L
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[ [ -] ] .
Info Info I [ H
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Time-lapse differences

=
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Scenario Modeller:

Scenarios

® Full log brine_initP

Pl Bl ] © © &

well ¥

ARGl Exploration_1

Exploration_1

| 1D model i Rock Physical Change

=» Synthetic setup

Base Monitor
[=] Full log Insitu_oil_initP =] Full log brine.initP
Logs Logs
Well File Well File

ID: 543
Name: Exploration_1

Well TD File
ID: 552
Name: X1_TIME-Checkshot

VP Log File
ID: 601
Name: X1_VP_oil_UR

VS Log File
ID: 595
Name: X1_VS_oil_RU

Density Log File
ID: 604
Name: X1_RHOB_oil_RU

Info

Type: ©

WellHead (Inline/Xline): [ 1230.71 |
2050.99 ]

Kelly Bushing elevation: 23

True depth (MD): 2800

Water depth: 382

TWT data: Calculated from checkshots

TN ranvarcinn:® 173 antries

ID: 543
Name: Exploration_1

Well TD File
ID: 552
Name: X1_TIME-Checkshot

VP Log File
ID: 594
Name: X1_VP_brine_UR

VS Log File
ID: 596
Name: X1_VS_brine_RU

Density Log File
ID: 602
Name: X1_RHOB_brine_RU

Info

Type: ©

WellHead (Inline/Xline): [ 1230.71 |
2050.99 ]

Kelly Bushing elevation: 23

True depth (MD): 2800

Water depth: 382

TWT data: Calculated from checkshots

TN ranvarcinn: 172 entriac

<|VP|>|<| VS|>|<| Rh{>|<[Al |>|<|Vp[>|<]

=<

>[<|N

uos;_ Synthetic() :[Synthetic() :

UL LT

.00

TT T T T T T T

.00

.00
00

— ’E‘ o] 'p Basi 's Base|llRho Ba ! Ba: DIV
al= £ [I82526.7{§1093.1 .002.. 100.01
-lal= Angle: 0
E o g 'p Mol 's Mon|lRho M 1 Moni|llVo/vs
'2 2526.7/1093.1 |2.002.
0
1 » |« |« DK QK » "
L | H Bl BE BB
EE el E ElgllE|e
sff
~8re
=
-
SN o -
>

. 2.350
AT S T T
R I I Y
T
P
rwmﬁMW&.ﬂ—qu

/

A L P I oo

2400
26010
.1
il

| LT LU

2.436
| 2662.700.00
2662.70).00

13221.41716.1
[3221.41716.

2.150 !

2.184410 m/s.
2.184¢40 m/s.

0@ 1.
0@ 1.

00.0ffl1.10 3.|X-Axis: Angle|[X-Axis: Angle
010 5

0

Angle: 0

Volume Calc
Angle: 0

X-Axis: Angle|
Al

A.

10 The GATHERIng 2023, Leiden, The Netherlands

18 October 2023

1. Zoomin on the
region of the time
shifts by hovering
over the track scale
and scrolling on the
mouse

2. You may also have
to zoom the
horizontal scale on
the log track to see
where they differ in
Vp and Rho

Note how the change
from oil to brine in the
upper reservoir layer
cause a hardening
response

SHARP REFLECTIONS




Other full well synthetics — Optional extension

=

ErE,

Scenario Modeller:

Pl Bl ] © © &

Scenarios

- ST Exploration_1

Full log brine_initP
Full log oil_highP

Full log brine_highP Exploration_1

Full log gas_initP

| 1D model i Rock Physical Change

=» Synthetic setup

well - Base Monitor
Exploration_1 | - l Full log Insitu_oil_initP I - | Full log brine_highP
Exploration_1

¥ Logs Logs
Exploratinny Well File Well File

ID: 543
Name: Exploration_1

Well TD File
ID: 552
Name: X1_TIME-Checkshot

VP Log File
ID: 601
Name: X1_VP_oil_UR

VS Log File
ID: 595
Name: X1_VS_oil_RU

Density Log File
ID: 604
Name: X1_RHOB_oil_RU

Info

Type: ©

WellHead (Inline/Xline): [ 1230.71 |
2050.99 ]

Kelly Bushing elevation: 23

True depth (MD): 2800

Water depth: 382

TWT data: Calculated from checkshots

TN ranvarcinn:® 173 antries

ID: 543
Name: Exploration_1

Well TD File
ID: 552
Name: X1_TIME-Checkshot

VP Log File
ID: 598
Name: X1_VP_brine_highP_UR

VS Log File
ID: 607
Name: X1_VS_brine_highP_RU

Density Log File
ID: 603
Name: X1_RHOB_brine_highP_RU

Info

Type: ©

WellHead (Inline/Xline): [ 1230.71 |
2050.99 ]

Kelly Bushing elevation: 23

True depth (MD): 2800

Water depth: 382

TWT data: Calculated from checkshots

TN ranvarcinn: 172 entriac

Angle: 0

>[<|N

<|VP[>|<[VS|>|<|Rh{>|<|Al [>|<|VRI>|<] >[<
— ’E‘ 'p Bas: 's Base|llRho Ba ! Ba: 'pIVs & s
2| E|E [H2526.7|f1093.1|f2.002 ffla000.0fff1 10 3.{Synthetic() :|Synthetic() :
[ 7 e Angle: 0
E Q | 2 [[ive Mon|livs Mon{liRho MofliAl Moniflivorvs ) .
2 = [[§2526.7{f1093.1 [2.002 {llz000.0{ff1 10 3.{X-Axis: Angle[X-Axis: Angle|
0 0
4 L3 B L3 B L3 L3 B » ¢
- (B EIxME]%
EE el E ElgllE|e
el [
“lers
Elx
B L
L e >
LIE =
4~L~
afele
ek 334
F AR
NN
128
[R
=a ik
SEr
sfs
Bl
S Y
E |E £
Jole
sfeps {
SRS l SL \
i —
L E -
E|E }
tsals
232
- o Lo
[R[&
arr 3267.411848.42.3484 0 m/s.fo @ 1.
~F | )13267.911848.32.34840 m/s.§0 @ 1.
‘4

Volume Calc
Angle: 0
X-Axis: Angle|
0

ki
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There are another 3 log-
sets in the project that
represent the case of the
upper reservoir with
increased pressure, filled
with both oil and brine as
well as a gas filled case.

If you want, you can
repeat the steps above to
create scenarios for all
the log sets. Alternatively,
you can load the session
“Full logs all logsets”
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Other full well synthetics — Optional extension

Now you have 5 scenarios try comparing how the

TWT (s)
TVDss (m)

23007

2.332
: 3
2501 2489.07 '

. 2.?50 ¢

2400

.'2.451).0.0. !

“255b.00"

| L
Z60|l)~00

2.150I e

z|

2

<[VP]>|<[VS|>|<[Rh]>[<[Al ||

p Bas{[llvs Bas¢JJRho Ba|fal Ba:
[2526.7||§1093.1 ||§j2.002.}

[Rho Mo
2.0002 ]

'p Mol 's Mon
526.7/|§1093.1

0

4 e L B L B L3 R

max

A R

"5l 2489.07 '

e EHEl BE:
£ 3 E|gllE &

¥

F 3267

1 I |
3267.4]1848.3]2.34840 m/s.fl0 @ 1
1848.42.3480 m/s.40 @ 1,

4

Volume Calci

< M
effjvorv: B
4000.0fff1.10 3./Synthe :
Angle: Angle: 0 Angle: 0
Al Moni|lVp/Vs » . v
4000.0fl1.10 3.|X-Axis: Angle|X-Axis: Angle|X-Axis: Angle
0

TWT (s)
TVDss (m)

| 2.?50 2.100 S

il

1260000

2.436
| 2662.700.00

T 'z'ssi:,&;' T

2 .150 :

MD (m)

! 255[).00 ! 250'3 00

"260b.00

g

' 72662.7000 |

<|VP[>|<|[VS|>|<|Rh{>|<|Al [>|<[VRI>|<]

D Basi 's Base
2526.7||§l1093.1

'p Mol 's Mon|
2526.7/|]§1093.1

4 L3 B »

[Rho Balfi|Al Ba: DIV
2.002.

[Rho M
2.00¢.

I Moni{liVp/V:

4 L B L3 B »

100.0 uosa Synthetic() :[Synthetic() :[Volume Calc

s
00.0{fl1.10 3.{X-Axis: Angle[X-Axis: Angle|X-Axis: Angle|
0 0 0|

>|< >

Angle: 0 Angle: 0 Angle: 0

0 S (o] 5

max

= HE B
E&EE Elg

3

13221.41716.3

L [ |3221.41716.

AL T TS o Nt ot r

2.184410 m/s.fl0 @ 1,
2.184¢10 m/s.§0 @ 1,

c
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time lapse signal changes for the different production
scenarios. Here are a few suggestion:

Base | | Monitor

Oill initial Pres
Oill initial Pres
Oil initial Pres

Oil initial Pres

—

l

!

Oil high Pres
Brine high Pres
Brine initial Pres

Gas initial Pres

Note you can set a scenario as base or monitor by
dragging and dropping or right clicking on it in the
tree and using the set as bas/monitor option

SHARP REFLECTIONS
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Blocky synthetic scenarios
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Equivalent Blocky models

\ugm,

Scenanio Modeller

Pl 1 (©Oe &

Scenarios

Oil high pressure
Brine init pressure STl
Brine high pressure Exploration_1
Gas init pressure

1D model | Rock Physical Change =P Synthetic setup

0il init pressure

Monitor

Brine init pressure

Load Session v, » X

Please select the session to load)

|Blocky all logsets -

[ @oK ]\ X cancel |

TWT (s)
TVDss (m)

2.121300

:2183.04
" 12183.04

n R o

" 20000
2405100

R s

I
Czehoo

"2000.00°
:

200b.00”

“Jshon T

200(3\ 4000.0(f1.10 3.9

!

Layers

TOP LAYE

Block 2

Block 3

Block 4

Block 5

Block 6

05 IntraR

Custom b

Dlacl 11

" BOTTOM |
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Now open another scenario
modeler window

1. Load session
2. Select the session
“Blocky all logsets”

This session has pre-made
blocky equivalents for the full
well log synthetic you created
INn your previous session

SHARP REFLECTIONS




Equivalent Blocky models

Scenanio Modeller

ORGP 1. Drag the Oil initial
pressure scenario int the

|":|‘ E[| E| @ a ﬁ 1D model | = Synthetic setup ] '
e 'E‘ P as<lv IRhuB Al Ba: s
Scenarios well - Base Monitor ®IEIE .oflieoo.0o [lz.00¢.(llac00.0ffi1.10 3./Synthetic() :[Synthetic() :[Volume Cal base panel
Exploration 1 = la E ——M —Rh " —IM N Angle: 0 Angle: 0 Angle: 0 Layers
OII hlghpressure Exploration_1 e Brine init pressure E g = IZ.qu.’SIm‘E.;i dicn | e Angle|x-Axis: Angle[x-Axis: Angl 2 Drag the Brine |n|t|a|
t pr e 1 §2200.0/\g300.00 118 .
Brlne high pressure Exploration_1 ) g [* ID 2 IO KU nn o q ’ L ’ L . .
=) Gas init pressure Exploration_1 ' E é E é .f é f g E g TOP LAYE pressure Scenarlo |nto the

monitor panel

§r:i i e Block2
1 Compare the synthetics from
qr iE — = "2 for the full log scenarios you

makes with the equivalent
Ll f— Block 5 blocky scenarios.

% . ' ' - plocke Also compare the 4D
differences.

05 IntraR
Custom b

[
BOTTOM |

2811.87
" 281187 |

1 | [3356.41823.412.3197785.]1.8403
S | I3356.41823.402.3199 7785.31.8404
E 3 v

00
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Comparlng Blocky and full Iog synthetics

T ST B e e Here we can see that both the blocky and
ZEle " synthetic() :[Synthetic() :\Volume calc @ [E | & [H2200.0fff00.00 2.0 {l2000.0fff1.10 3.{Synthetic() :|Synthetic() :[Volume cal
:8le | oo | Broleo | Maeo | ayers |E\Z[R P S ae e | O full resolution logs are giving very similar
.| X-Axis: Angle|X-Axis: Angle|X-Axis: Angle 2200.0(§900.00 2A00<3, 4000.0(ll1.10 3.{X-Axis: Angle|X-Axis: Angle|X-Axis: Angl .

= T = oo sox fhomoofh o Anlepch: Angle s Ang 4D differences
g_-g = = T | — ;_—3—3 ]|l e 1 S — e Block 3
“R §-§'§ : ellElg

: — RSN o This is a nice result as it show that we can
4 F of | successfully predict the 4D differences
B < EAS between production scenarios with

e b . .

13 A Slock s relatively simple blocky models
8:
:‘r_: B Block 6

fi Note: to get the two viewers on identical
R color scales you may have to capture the

aacath histogram from one to the other. This is

Ir N i ' ' {05 ntran accessed by right clicking one of the

iy seismic track titles and then right clicking

= the color bar

24
e
T aho’

|2|7Db.(;ﬂl ™
IZ|7D[10IOI T

2499
2769.52
'2769.52

{
i
1 ‘
| 2404.4782.642 27645475413,

i§1625 e eag i i 1| J2408.4791.742.276¢5484.43.
F1626.42.32540 mys. .
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Comparlng Blocky productlon scenarios

~|= p Bas{llvs Bas RhoBa A — - ] o . Bas sBas( Rho Ba |l : i ST USIng Our bIOCky mOdeIS Try Comparlng
L) £ E [M2200.0{f500.00] oo 0 :|Synthetic() :[Volume Cal E & = lzlgooo ls00.00] oo 003 {000.01 :|synthetic() :[Volume cal
,é 8 é— ] Angle: 0 Angle: 0 Angle:0 | | avers ,é 8 E Angle:o Angle: 0 Angle:0 | | avers the t|me|apse response for some

.|X-Axis: Angle|X-Axis: Angle|X-Axis: Angl = 1.10 34. -Axis: Angle[X-Axis: Angle|X-Axis: An . . .

il S S P s ?’f e A Anel different pairs of scenarios such as the
TR e e e | TRl e e St pair show to the right of this slide, where
S eic] | e | 310D | — we simulate oil being replaced by brine
s S0 with a pressure increase.

o T B | : .

Ll o Here are some suggestions:
g1 A ‘ e Base - Monitor
~f | “IE Block & N o
i) i Oil initial Pres  — Oil high Pres

1s8ls 188 o o 9n0 . .

188 188 Oil initial Pres — Brine high Pres
It It Oil initial Pres — Brine initial Pres

It I 05_IntraR
§;-3-8 Custom b §;-3-8 Custom b oot s
e ! | H B i | 1 [ Oil initial Pres — Gas initial Pres

lBOTI'OMI .z . : : : _BOTTOM |
Febirhe ot Do you think the changes in amplitude

would allow us to differentiate between

| the different production scenarios? What

. attributes might be useful to help us?

3356. 1823.12.3191 7785.31.8409

. o

2.521
2814270 |

2408.94791.7§2.276¢15484.43.0427
q ¥

3356.441823.442.31937785.§1.840]
1 »

2814270

1 [ [2404.4782.62 2.27515475.; 3.0725
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Aligned Blocky synthetics —

Doy

P EI© e &

Scenarios well
Qil high ... Exploration_1
W Exploration_1

Exploration_1
Gas init ... Exploration_1
Brine hig... Exploration_1

Color schema

Base i
Monitor i

Previews
Log tracks width
Seismic tracks width
Align Synthetics
Time Axis
From Time
Step

To Time

PreStackPro

# Cancel ||

1D model Rock Physical Change = Synthetic setup

= EES

Oil init pressure

gl

50.000 [*

100.000 |*|

(586 samples)

1.940 ‘:_5E|
0.001 i:_fE|
2.525 Z;:EE|

Jok_|

Brine init pressure

TVDss (m)

TWT (s)

<<

p Bas{fivs Eassl

E [B2z00.0{fs00.00 |fk.00:3. |

g p Mon|livs Mon|flRne Mo i N
2200.0(fis00.00 |jz.003.|
1

1 Monilfivprvs
00.0(f1.10 3.4

<> <> <[B
Rho Ba|llAl Base|
o0.0flf1.10 3.[Synthetic() :

'p/Vs

Angle: 0
X-Axis: Angle

X-Axis: Angle[x-Axis: Angl

0 0

TOP LAYE

e

Block 3

1 sislislzMs =l =< 5

g] ElE[lEIElEIE|EIE|(E

sl |

Ters -
88 |
gl [

2a0b00
240b.00

St

Block 4

Block 5

Block 6

|

e (11

05 IntraR

2.40 2.376

2500 2557.16

|4

|\2\m52|55u7.\16|\|\\|.\||\

[3208.41678.4

2.376]

10 3221.41579.5
.

7623,

2.3761

7654.4

i _Custom b
™ BoTTOM |
= T
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The other interesting thing to
note is that if we zoom out to
the whole model, we see small
amplitude changes above and
below the reservoir. This is
due to the blocky models
having their own Time-Depth
relationship with a tie point
(black bar). Therefore, here
we are seeing the effects of a
velocity change in the
reservoir generating timeshifts
in the synthetics between the
2 scenarios.
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Aligned Blocky synthetics —

,.;’ Scenario Modeller:
X -
;U =l E R If you would prefer to see the
1 1D model __Ruck Physical Change Synthetic setup <-><-> <@> <-> <-> <[B: . .
oL : SEN B P o e T areeat model comparison without
Oll hlgh Explaratioml = E § Mon{flivs Mon|liRhe Moffllal Moni| Andle-S suk sraee T timeShiftS'
> Brine ... E:E:g:zggg_i Brine init pressure E E MMEKM&XAMS: Angle|X-Axis: Angle|X-Axis: Angl . * .
o, e - L esleslelesiest 11— 1 Clickon the spanner icon
| NN BN B B S to open the settings dialog
: B 1! zewve 2. Tick on the Align
| Ir synthetics option
EF: i Block 2
_8__8 - - -
Prestackero e FEle What this does is calculating
Color schema B . both synthetics using the time
- qI il %>~ depth relationship from the
= £ 1 base. This is useful as allows
Lo ErAckE O REE : sexs | YOU tO directly compare the
Selsmic tracks width . <1 sess— amplitude changes without the
v Align Synthetics 1= . . . .
== a Tole - complication of timeshifts.
Time Axis (586 samples) 2 ':':- m
From Time 1.940 2] 5| nTara 'I' I I 05 IntraR
e G W Custom b
step 0.001 !;5E| <JEE[L l;. l “ BOTTOM |
To Time 2.525 :E| [ | | -
| #& cancel {Ok [ |
- 11 St nta

‘f sharp_abottrill : bash - Konsole
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Theory — Synthetics with time shifts

Vertical axis TWT: TD curve from Vp for each scenario
— Synthetics with timeshifts, showing “true” time-lapse signal, but spurious amplitude changes

Reflectivity/ Reflectivity/
Vp Vp AVp Trace Trace
Baseline Monitor Monitor - base Baseline Monitor Monitor - Base

Time-Depth
tie point

Time-thickness
Baseline [ms]
time-thickness
Monitor [ms]

Time (TWT)

Time-lapse
timeshifts
between base-
and monitor

Note the apparent phase change in
the bottom reservoir reflection

4 |
Using the velocity model for each scenario to convert from depth—>time (v=s/t; therefore t=s/v; or summation of interval traveltimes from interval thickness and velocity), each
scenario has a unique time-depth relationship. Therefore reservoir layers (or more generally any layer) with a Vp change in the monitor survey changes their time-thickness
with respect to the baseline (reference) scenario. As can be seen in the sketch above , this causes misalignment of base- and monitor surveys, aka time-lapse timeshifts
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Theory — Synthetics without time shifts

Vertical axis time: TD curve common for each scenario (e.g., from baseline or well)
= Synthetics without timeshifts, showing “true” amplitude changes

Reflectivity/ Reflectivity/
Vp Vp AVp Trace Trace
Baseline Monitor Monitor - base Baseline Monitor Monitor - Base

Time-Depth

tie point

|

Apparent
Time-thickness
Moniotr [ms]
from baseline

Time (TWT)

Time-thickness
Baseline [ms]

Aligned
reflectors

4

Synthetic seismic is calculated using a convolutional model, with the elastic property model in two-way time.

We need a time-depth relationship to convert the elastic model from depth to time. Using the time-depth relationship from the baseline for depth->time conversion for all surveys,
the time-thickness of the reservoir layers stays constant for all scenarios (despite the velocity change in the reservoir layer)

The GATHERing 2023, Leiden, The Netherlands 20 October 2023 SHARP REFLECTIONS




Copy scenarios to the data pool

o= Scenanio Modeller ,
SilzRE Let's now export our blocky
= [ 1
1R B © e [g— 1D mode! » synthetic setup R - scenarios to the data pool
-z 'p Bas{llVs Base/lIRho Ba | Base[ivp/Vs Ef . .
Scenarios Wwell M Base Monitor w|E E |B2zo00.0ffs00.00 IZ.DD(}JISDDDDI 1.10 3.(Synthetic() :|Synthetic() :[Volume Calc
Oil high pressure  Exploration_1 P =18 E | Angle: 0 Angle: 0 Angle: 0 Layers for anaIySIS In Other tOOIS
Brine init pressure  JEdeliie Brine init pressure E S = I\zl;o'g? o000 I;.r;:)(rvslo‘ I::Jg;;: IY.DNS x-axis: Angle|X-Axis: Angle[X-Axis: Angle
Qil init pressure Exploration_1 — o o A
Gas init pressure Exploration_1 4 r

S EIFT E3E1 Bl ENE] S S e 1. Use the gearicon to ﬁ
open the copy to data
dialog.

meda—1 2. Select all the scenarios

= Brine high pre... Exploration_1

A
i

PreStackPro & gl rr

Scenarios
V| Brine init pressure
V| Oil high pressure

RO
23000
230500

BOTTOM |

;i 2 | mss you want to export
V| Oil init pressure -
Talls 3. You can also check the
JH Biocks copy elastics option as
v Copy elastics to data pool 3 5 ;g;g Block 6 We" aS Open In Volume
v! Open in velume viewer - _:f; :f;
v/ Open in data comparetor :%;% and data Comparator
|®cancel || Jok | s m Optlons
- 05_IntraR
§__'_§ _§ Custom b . )
R s s | This will create a volume

] ;3 with the scenarios along the
HE - second gather (Vintage) axis
| [— | —
Note you can only copy
:; ; 3131.91650.12.356|7380.4|1.8977 Scenarlos Wlth the same
T | )13160.41701.92.356747448.(1.856: .
- : : gather geometry to a single

object
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Viewing the synthetic output |n other viewers

GatherViewsD-1 [# 28 - Pseudo PreStack [ Azimuth(# 12, # 11, # 10,...) r Synthetic]

\Mi\ 7/ B0L -+ GumddPL 00D B/ 5 In the gather viewer that opened you can view

-Wajrsor Read Out % Display Crossline ressure | Brine init pressure [EEERIIE Siiia-0| Brine high pressure | Oil high pressure a” yOUI‘ ScenaI‘IO SynthetIC S|de by S|de
World X || L Display Inline 40 |o 20 40 Io 20 40 |0 20 40 |o 20 40
World ¥ [ &E Display Arbitrary Path o pe e e | R Ry B O Iy o | 6 S S e W il ey B s R A ] O o e B S - ) )
infine = Display Angle over Classification Try also turning on some of the horizons to help
f\:;jj‘"e ( =1 you visualize where you would expect changes
Classification \ o T |n the SynthetIC
Time [ 2.00465 s |
ecimation | 1B ke 1 14 . " . .
S e * ——— ~ == To get the view of all scenarios side by side you
] need to select the “Display classification over
o] Angle” option. If the viewer is launched from the
tool it should already be in that view model.
2.3—-
» Overlays i
~ Volume |
lw|# 28 - Pseudo PreStack / Azimuth(# 12, # 1
» |/ Horizon 25
» e Well -

i<
MI

-0.2 -0.1
| # 28 - Pseudo PreStack / Azimuth(# 12, # (-\ e Synthetic Seismic
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Vlewmg the synthetic output In other viewers

Data Comparator-Window 2

1. Inthe Data Comparator turn on the

Bl i p ) .
IL L. o ‘ p # 112 - Pseudo PreStack / Azimuth(# 96, # # 112 - Pseudo PreStack / Azimuth(# 96, # # 112 - Pseudo PreStack / Azimuth(# 96, # 03_1StRessand_22_Grld horlzon
S . 3 to help you visualize where you
y Z: ::jmbyb;[:n"‘ 0-53 °-5§ °-5§ would expect changes the synthetic
¥ Synchronize Wiggle Settings ° R e L ’ e + + + + 7 Lo T F g L. SelsmIC at tOp I‘eSGTVOII‘ tO be . )
Diplay horzans o —— %3 lj0.000, 0328 R | e 2. Pin the crosshair by right clicking in
= = g poren one of the panels at this horizon.
@ = o5_intranesshale S 2y vy 2 2 2 R R0 | 3. Compare the AVO responses for
| = 06_2ndResSand_2 = = = ! .
1 | l@ — 04 1stRessand 2.1 different scenarios
I-_!_;.! i:l 03_1stResSand_2.2_Grid 225 2.25
|@s == 00_WaterBottom
|@s == 07_deep —) . .
S 30 230 230 Do you think there is enough of a
) Pﬂlligﬂ fﬂeal:::ll)?r;iesewoir_FaultB\cck E 2 dlﬂ:erence In AVO response at top
= = ynnamed %:323_5; e 23 M—__ | reservoir to separate them in intercept
@ = Demo j — | I esm— .
- wT.I_:! = producer 1 2.40 ? — s 2.40 E 2.40 ; gradient space?
| — I — T
2.45 245 2.45
0.458 ‘ ’ -0.336 ‘ ’ -0.723 ‘ '
0.2 0 0.2 -0.2 0 0.2 -0.2 0 0.2
Inline [ 1231 |2 Inline [ 1231 |3| Inline [ 1231 |3
# Crossline | 2051 %] ‘Z| = Crossline | 2051 |2 |Z| »= Crossline | 2051 :| |Z!

Data | Control | Display mode Classification | Oil init pressure |2 | Classification | Brine init pressure || Classification | il high pressure :|
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Rock Physics modifications

ohal exercise Iif time allows
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Working with blocked scenarios

C & .

Eeial|
P T

1/0e &

ros

¥ Blocked In situ Oil

1D model | Rock Physical Change

= Synthetic setup

Base
» More
|T|T|T| ooWC(1)
Vp | 3208.5 2| m/s
Vs | 1678.4 || m/s
Rho | 2.376 |2 g/em™3
Thickness | 16.75 [2| m
» More
|T|T|7| 05_IntraResShale(1)
vp | 3148.6 2| m/s
Vs | 1763.3 (2| m/s
Rho | 2.324 |5 gfcm™3
Thickness | 15.75 (2| m
» More
|TIT| Custom boundary 4
vp H 2 br7lz|ms
Vs ks 2|2 mys
Rho | 2.223 || gfem™3
Thickness | 29.50 2| m
+ More
|T|T|7| Block 11
Vp | 3362.4 2| m/s
Vs | 1836.7 2| m/s
Rho | 2.338 |5 g/cm™3
Thickness | 132.63 2| m

L Mara

TWT (s)
TVDss (m)

2.135‘ IZ.](W‘

L lz.%wl L
ETY

z.;no

EAR

ol

" Tatoboo 240000 220657
"2400.00

260000
=
2600.00

1obao

'2206.57 |

TTT T T
ZSDHDD

10b00 '

L I R R
230500

I: 10 3, |5Yl’lthetlc() No data set

Layers

Block 2

Block 3.(1

Block 4

Block 5

Block 6

03 1stRe:
oowWc(1)
05_IntraR
Custom b

Block 11

The GATHE

g 2023, Leiden, The Netherlands

18 October 2023

Reopen a new scenario
modelling window and
load the session “Blocky
Oil inSitu”

We can rename some of
the blocks to make their
names more
meaningful, using the
pencil icon. For
example, Block 3can
becomethe BCUand | #
our custom boundary
can be lower reservoir.
To do this you might

have to unlock the

1\

scenario using the
padlock at the top of the
scenario by its name
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Working with blocked scenarios

Scenanio Modeller

\'L B E .,
|";|‘ E[| E| a & 1D model | Rock Physical Change =» Synthetic setup [AT] == Syni]>|<Monitor 5y Zm;
- =|E pBas< Rho Ba|JJa1 Base
Scenarios 1 well h Base Monitor ul|E 2200.0(flo00.00 [§2.00:3.1 i : d’olumle Calc
sl b . = == . — = Ela Angle: 0
Exp:orat!oml vp I 3066.9 [2| m/s vp [ 3066.9 |- | m/s I E a & Mor|livs Mon|lirne Moliat Moniffivervs | ; LAV
Expl Oratll)il Vs ‘ 1558.6 |~ m/s Vs ‘ 1558.6 |~ | m/s B 2200.0(fo00.00 [§2.003 (Be000.0ff1 10 3 |X-Axis: Angle[X-Axis: Angle(.‘;(Ast: Ang_la:
2 Er\m-re\L 2.414 3| grem~3 Rho \ 2.414 | grem~3 = AR R I
ag &ﬂdmﬁ\ T 3Teeeim Thickness | 33.88 2| m T=ar
» More More 3 4
| P T | grj L Block 2
|tl-|./| Block 6 |¢l-|‘/‘ Block 6 af T
Tsf
vp | 3131.7 2| mys vp | 3131.7 *| mys jf?f: L
Vs | 1650.2 |3 | m/s Vs | 1650.2 =) m/s I r
Rho | 2.357 |5 gfem”3 Rho | 2.357 | g/em”3 -
Thickness | 90.88 2| m Thickness | 90.88 ;:. m T r
» More » More "3’
il lacka
)
| * | - | II| 03_1stResSand(1) | + i - | ‘/‘ 03_1stResSand(1) TR
vp | 2894.2 2| mys Vp | 2894.2 2| mys I
Vs | 1532.9 2| m/s Vs | 1532.9 % | my/s [ =
1 4=
Rho | 2.186 |3 gfem™3 Rho | 2.186 | g/cm”™3 (s Bias
Thickness | 14.13 2| m Thickness | 14.13 3| m e [
» More » More g Block 6
[+ =] oowc(1) [+|=-]~] oowc(1) fselg
220l Sl =2
. 1+ [— |—
Vp | 3208.5 |2| m/s vp \ 32085 | m/s [ 03 1stRe:
1 1 - .. ._-s:. M.
Vs | 1678.4 2| m/s Vs | 1678.4 =| m/s T L Il || I [ ——e— OOWC(1
: _ — I e 05_IntraR
Rho | 2.376 < g/em~3 Rho | 2.376 ‘._? g/cm™3 =fala I ] Ciatenb
Thickness | 16.75 |3 | m Thickness | 16.75 3| m 2fAlH i -
' ’ ~tofe b Block 11
More More jois
| + | - | .I| 05_IntraResshale(1) | - i - | ‘I‘ 05_IntraResshale(1)
——— = T3lg |3362.41836.4/2.3384 7862.4|1.830]
|2 -2 |3362.4l1836.4)2.33897862.41.830}
. : Vp \ 3148.6 2| m/s Vp \ 31486 =lmis | - 0 b
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1. Copy this base scenario
using the copy icon

2. Rename this copy to
Brine upper res by right
clicking on it

3. Then drag and drop the
copy into the monitor
pane

Note here you could
freehand change the elastic
properties of any of the
blocks and observer the
effect. However for a more
meaningful change we can
set up a Rock Physics
model that applies to a block
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Rock Physics change — fluid substltutlon

Scenanio Modeller

\um @ . 1. From the Rock Physical

LB e & 10 model | = synthetic setup change tab first select
‘Scenarios Well :‘fojl;rl,r;::%alc the Iayer

B Blocked In situ Oil EXp i |03_1stRessand(1) - | 1 Layers

Blocked Brine u = Ivz Ig 2. I:u =] H X-Axis: Angle ' ) 3 I tR S d
ocked e L. 00.0(§j500.00 |J2.003. | 00.01 H S es an

TWT (s)
TVDss (m)

Exploration_1

Blocked In situ Oil ‘ Blocked Brine upper res ‘ _;%;% . 2 Then Select ﬂUId
Set Change 1 L H H
Rock Physical Function sl Block 2 SUbStItunon as the .
2 | Fuid substiion -] "EE Rock Physics function
Gassmann parameters To Gas Saturation | 0.0 |:| 7:353 3 Flna”y Set the Monltor
InSitu Porosity | | 206[2[% |y o saturation | ool[w] T [ Gas and QOil Saturations
Mineral Quartz - | T H
K Mineral [ 36.000 |2/ GPa | 3 ‘ B s::g;g to zero (100% Bnne), to
oo o= RLALR — simulate a total water
as | 0.200 3| GPa T
Rho Gas | 0.100 |3 g/cm”3 Tealen Blockd Sweep
Gas Saturation | 0.0 !:i % E :;i :;:
oil | ol - | A R
el D P mas | At the bottom of the window
oil saturation | s24fel% | Er_ . Block 6 greyed out you can see what
o R fss the Rock Physics function
Rho Brine : 1.050 !:: grem™3 — S has done to the elastic
e Ll opy change to... F T _03 1stRe: .
: oomms | properties
§;:_§_§ Custom b
| | | | ~FErE Block 11
| J | ! P
| | | 1 s
| | [ Tars .41251.4 2.3?2;6591.2 ;
i J1251.42.37296691.9>2.
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Rock Physics change — fluid substltutlon

Scenanio Modeller

L [2894.411532.42.1859/6325.4]1.888
[ J3085.31521.412.218()6843.§2.027]
<« *

\L\[’] 7, If we zoom in on the upper
FEED e & 10 model | % synthetic setup T R EE o E e e reservoir it is interesting to
ivc_e In situ Oil \é‘)i:lloratlon 1v |03_1stRessand(1) ) E -3 A R SR U S B : :‘fojl"‘l:'r;::%alc Layers nOte that we get a Very
% Blocked Brine u... |SqsOEHE E 2 I@I@@Iﬁﬂiu (.‘;(Axis: Angle Simllar pattern Of tlme |apse
Blocked In situ 0il Blocked Brine upper res » Al L L L . .
. S 3E 1 3E Bl e differences as we did for the
o | L full well synthetic
Rock Physical Function '_§ '_g y
| Fluid Substitution | R
T Block 5 L.
Gassmann parameters — To Gas Saturation | 0.0|:| s ? ; However’ It IS Worth
:isni:r:omsity | = 20.6 |2 % "lrooil Saturation | 0.0|:| Z’i}g}g Block & ObseI’VIng that thel‘e are now
cmersl | TR | g I small amplitude changgs_
| e T below the reservoir. This is
il 2 i Fais .
S 0100 ¢| gem”3 IEE because unlike for full well
Gas Saturation 0.0 2 % AL [0 .
oil ol ' = 1 synthetics these blocky
el e Bldi wasme | Models write their own time
oil saturation | 2.4 2% e : dowci1) depth relationship, as
Brine Brine - | s | | 05_IntraR H i
KBine | 2600 - ora I | o=t discussed previously
Rho Brine | 1.050 || g/cm”3 §_,:3 re _Custom b
| 2] | Copychangeto.. | ~E§:—§
L Block 11
| B | B Tsts
| [ | ] T&ra
| ] | B 1
| | | =] gF [

: ! Ml sharp_abottrill : bash - K
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Rock Physics change — Try out some others

Scenanio Modeller

\L\C] 2, Now make additional copies
NEEOE & 1Dmodel | | synthetic setup R TR of the base scenario and try
‘Scenarios Wwell ~ C) = Ivgo%a; I:;SZZ I:r;:)?; 0o o] PN;E ): ic() :[Volume cCalc to Slmulate a feW dlfferent
g &locked in situ Oil Exploration_1 |03_1stRessand(1) ) 'F-_ g va o I‘f o IRho . I:DM‘"“ : : Angle: 0 Layers
| TV Exploration_1 2200.0(lis00.00 [§2.00. (§+000.01 is: -Axis: X-Axis: Angle 1
F 777770 o scenarios
Blocked In situ Oil Blocked Brine upper res o
‘Setchaﬂge ‘ ; r H t
Rock Physical Function '_g'_g ere are some Sugges ions
Fluid Substitution I » High pressure Oil in
T [ Block 5
Gassmann parameters To Gas Saturation | 0.0 |:| 8_: L upper res
i i [=] alel 1
N AT | 20:6 i"‘ go ‘To Oil Saturation \ 0.0 |:| ni,_g _g Block 6 > H Igh pressu re Water
Mineral | Quartz - i g Iars
K Mineral [ 36.000 |2/ GPa | +r Sweep
oo (o= — o > High pressure water in
K Gas 0.200 |5 GPa +aot
| |~ | 228 .
RhoGas | 0.100 2| giem3 Fere the lower reservoir
Gas Saturation | 0.0 2| % rr .
oll [ail -] Bt r > MOVIng OoOwWcC
K oil | 0.800 || GPa nlFarn
o 03_1stRes
Rho Oil | 0.750 |3| g/em”3 ~TAMR r o
oil Saturation | 524 2 % T=r= ] _oowc(1)
Brine Brine - | i E | | 05_IntraR
K Brine [ 2.600 2| GPa F |
Rho Brine [ 1.050 |2 g/em*~3 gfers Lustom b
| 2] | Copychangeto.. | ni:_.g ;%
L Block 11
| | | | s
| | | 1 Fefsg
| | | | I
| | | 2T [ [2894.41532.42.185¢/6325.4/1.888
=t 3085.1521.42.218q|6843.§2.0273
g - ! Ml sharp_abottrill : bash - K : :
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Creating Blocky scenarios

al exercise If time allows
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Creating an initial blocky scenario

Scenario Modeller:
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Creating an initial blocky scenario

llog Blocking for Initial Model Ox . . .
st acton —————— [ | RO N LV L LN LR L LS By default, if a log set is added to the blocking tool
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Creating an initial blocky scenario

LLog Blocking) for nitial Model
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We can also add a manually placed
boundary that represents the base of
the inter reservoir shale. This is done
by holding Ctrl and clicking in the log
tracks. It might be useful to look at
both the porosity density and water
saturation tracks to place this correctly
Finally, we are going to set the tie point
to Block 3 which will hopefully
corresponds with the top of the BCU
We are then going to transfer this back
to the Scenario modeler

Try a few different versions and see which
you prefer
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