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Abstract

An extensive technical review in recent years involving well and seismic data on development areas off the southern coast of South Africa has
been carried out. The area is covered by the late Jurassic to early Cretaceous fluvial to shallow marine rift fill to a succession of deep marine
channel complex drift Albian sequence. The aim of this study is to identify potential infill targets, which will ultimately improve the reservoir
sweep efficiency and ultimate recovery.

The focus of this paper is the 14A deposits, described as a third order sequence of Albian age submarine fan complex that includes channel and
fan lobe sandstones and overbank fines encased in deep-marine shales. The 14A sand has proved to be the most productive and economic oil
play in the basin to date.

The reservoir characterization is executed by integrating seismic amplitude and well data using rock physics modelling to demonstrate the
reliability on pre-stack data to resolve hydrocarbon presence. The workflow implemented is based on two phases: (a) A forward model (AVO
modelling) to investigate changes in seismic response due to reservoir quality facies (fluid content, porosity, shaliness) away from well control,
and (b) to conduct an AVO analysis (I-G attributes cross-plot) to characterize rock properties based on seismic response. This workflow seeks
to assist in identifying other hydrocarbon accumulations in the area of interest (upswept or prospective), and to mitigate the uncertainty that
affects expected reservoir performance.

The integration process show that AVO modelling is good in discrimination between oil and brine in the reservoir, especially when the porosity
is high, because the fluid occupies a higher percentage of the bulk rock.

Similarly, AVO Gradient attribute in the interval of interest shows a strong response that coincide with the discovered hydrocarbon and new
potential upswept area or production accumulations. On the other hand, porosity models show a very strong effect on the acoustic impedance
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response than fluid. In addition, an increase in clay content leads to an extreme decrease in acoustic impedance and a slight increase in
Poisson’s ratio.

Selected Reference

Avseth, P., T. Mukerji, and G. Mavko, 2005, Quantitative Seismic Interpretation. Applying Rock Physics Tools to Reduce Interpretation Risk:
Cambridge University Press. doi:10.1017/CB09780511600074



N/ 3 N3N N N0 NN NN N3 N3N 30NN 3 NN N 3NN N NN N NN N N RN R N N N RN K
I 5 TN 3 3 2N 3 O O 3 S I N IS S

1A

R R e e A e e R e B A
{ BRI Bl xR mB  BixB B (x [

AYAYAVAVAVAYAVAYAVAVAVAVAVAVAYAVAYAVAYAVAVAYAYAVAVAVAVAYAVAYAYAYAVAVAVAVAVAYAVAYAYAYAVAVAVYAVAVA

Reservolr characterization of a basin floor fan
system using rock physics to integrate
seismic and well data, offshore Block 9,

South Africa.

Authors: M.M Mmema, J.| Adrian




Content

1Background and geological setting
JProblem statement and approach
JdMethodology & Results
JODbservation and conclusion




$ Location of study [EEIEREEES

Gape Town

Background & Geological Setting

1 Block 9 Offshore, South Africa, Bredasdorp Basin, a sub basin of the
Outenigua Basin.

1 One Pilot well has been used in this study; E-AR2. An oil discovered
well within the 14A drift sequence.

U The sequence of interest is described as deep-marine fan complex
and fan lobes sandstones containing hydrocarbons- Albian and Aptian
geological period.

O Mainly stratigraphic traps.

O Porosity with values range from 13 to 21%.

0 Permeability average 250 mD.

0 The target reservoirs are within 2350- 2750 m below MSL.




Problem statement and approach
Problem

To understand the relationships between rock properties and the
observed seismic response In order to investigate the feasibility of
using the seismic as a Direct hydrocarbon Indicator (DHI) tool.

Approach

To implement a reservoir characterization workflow using rock physics
modeling to demonstrate the reliability of pre-stack data to resolve
hydrocarbon presence and rock properties (porosity, clay volume) in the
reservoir sandstones.



Workflow

AVO Forward Modeling AVO Reconnaissance Analysis

Intercept (A)

Rock physics Synthetic & Seismic Data .
» AVA Modeling Conditioning » & Gradient »

Perturbation Interpretation

(B)




»
9 0 00-pIA
CALI / Bs GR SwW RHOB Vp Vs Al PR
5 == o0 — :
) | situ
2400 2400
\— Gas
2410 ? FiZZ GBS F 2410
e 911
2420 t>/— wEt |2420
2430 { E 2430
b
S < ]| bias
2450 f \ \ / E 2450
2460 2460
2470 <\ E 2470
2480 \\ & } 2480
2490 / / E 2490
P
2500 \ \\\ > E 2500
2510 } \ \\ <> 2510
2520 // E 2520
2530 2530

Mineral composition
D Quartz

Shale

Fluid composition
@ s0% Gas; 20% Water

205 Oil: 20% Water

[ 100% Water
20% Gas; 80% Water .



Phi_T VClzy S
2 % 0 000 ot 1pp TR - < = — e .
S ma e e o e e AVA (Amplitude-vs-Angles)
400 fract 100 9 Q 800 1200 1800 2400 3000 00 4200 4300 0 600 1200 1800 2400 3000 300 4200 4800 0 €00 1200 1800 10 3000 3800 4200 4800 0 800 1200 1800 400 3000 ®00 4200 4800 0 600 1200 1800 2400 3000 3800 4200 43000)
siltstone 1 1 Il Il Il 1 1 Il Il 1 1 1 Il 1 1 Il 1 Il 1 1 Il 1 1 Il 1 Il 1 Il Il 1

—== 1 1 1 1 1 | 1 1 1 1 1 1 1 1
00 Tt
001 ops ops opt om o ooz 0ot 06 0p 01 01 Op OD5 <Pt 0P O O ODi 006 005 01 o1 Op8 0D Opd O02 O 0D Ope 005 0ge 01 01 008 O 0Dt 002 0 02 Opt Og5 00 01 01 OO 06 Opi 0P O 0% 0Di 0% 0% 01

AVA analysis-Fluid Models (T14AS) :E-AR2 Seismic Gather

58 Angles et Angies Ol Angles Fizz Angles Gas Angles

VQuartz
0.00 fract 100
Vigneous

st 1 In Situ Wet Oil Gas (Fizz) Gas —Gas
B Fizz
—0il
—Wet
—InsituF

Angls
30
-0.05 0 0.05 0.1

AVO Cross-plot (A-B)

—Gas

Fizz
—0il
—Wet
—Insitul

hydrocarbon
N

~
N

A

Intercept (A)
-—>




Porosity perturbation E-ARZ2(log-plot)

= Shale_Soft Model
= Sand_Intermediate Model




2450

2460

24704

2480

2490

2500

2510

2520

e ey T

) /\ LJ
0 Or-1810 JU-PIC
0 SW RHOB Vs Al PR

0 % 0 0.00 frsct 100 2.30 glcms 2.c m/sec km‘sec*m UNITLESS 2.23
| 2380

=—=legdl_Gas
s eg40_Oil 2390

5 Ol

-_—i5 Wet p 240
—TnsitufP E ai0
\ E 2420
| 2430
) F 2440
A /i e
2450
Z / | 2460
{ L2470
\ V \B/ 2480
\ |- 2490
< 2500
‘ \) | 2510
2520

0.2

0.18

0.16

0.14

012

01

0.08

0.06

Wells-vs-porosity (14A)

E-AR2
E-AAl

Porosity histogram 14A

8-10% 10-12% 12-14% 14-16% 16-18% >18%

5 10 15 20 25 30 35 40 45

- Pore/Fluid

+15% @ (InSitu -40% @ (InSitu



AVA analysis-Porosity Models (T14AS) :E-AR2 Seismic Gather

El VClay Phi T_15 -5 Porosiy-Gar Agies -0 PorgE R0l Angies. EESFUT Phi T_40Neg +IERPONER -0l AgE +15% POTTER-VE Agies 10 20 30

100520
= 0.00 fract 1.00 30 % 0 -40% Porosty-Oll 0 i S8 Ganer n %0 +15%PomsR-0l +15% Porsny-et b=} .
o
TR T . . W U0 W0 w0 4 0 em @0 fa0 00 W0 W0 L0 40 0 B0 U0 A0 00 N0 NN A0 400 B0 LI 10 00 W00 00 L0 4mw AVA (AmplItUde-VS-Ang|ES)
R TP a0 - : I 1 1 1 1 | 1 1 1 1 1 1 I I 1 1 1 1 I | I I L I | 1 1 1 1 1 I
o1 0ot 006 pt 00 0 082 OBt 0% 008 od 01 00 06 Opt 00 0 002 OB 0% 0fe 01 04 0f¢ 006 Q0 002 0 0% 004 005 0@ Of

=—egdl_Gas
—l|eg40_0Oil
==15_0il
—15_Wet
m——Insituf

~ InSitu +15@_0il +150_Wet

0.00 fract 1.00
; L

Amplitude
—>

o, O R o W i Y S v ¥ LYY

30

-0.1

AVO Cross-plot (A-B) I

=—Megd4l_Gas
=leg40_Oil
=—=]15_0il
—15_Wet
—InsituP

0.1

o Y

P
Lo}

e . IV

~ o .

N ‘o, § ik ;"
AL AveL Lt
4 . M e .
B 3 . AN NS ’ porosity
' o .
‘ ‘ y ! . N hydrocarbon =
N
> ] : 1 A

., Intercept (A)

. —

0.2

i ot e AN




Shale perturbation E-AR2(log-plot)

VClay 8 sw RHOB Vp Vs PR

mlcen annn 9 lem/=er*niem? 10 0.30 UNTTI FSS

==]1Clay_Gas

w==11Clay_Qil
w32 Clay_0Oil
w32 Clay_Wet
w1 SitUC

Wells-vs-VClay (14A)

VClay histogram 14A

0-0.05 .05-1 .1-15 .15-.20 .20-.25 .25-.30 .30-.35 .35-.40

0

5 10

Rock matrix
(Quartz)

Rock matrix

InSitu +11%

InSitu +22%




AVA analysis-VClay Models 14AS)

In Situ VClayl + VClayl
. 0.06racy.00 % 0.06racy.00

B0

==11Clay_Gas

w32 Clay_Wet
=—InSituC

==]1Clay_Gas
==11Clay_0il
=32Clay_0il
=—332Clay_Wet
—]nSituc

. . shale

IV

2 .
LA !
s+ porosity PN
M .
B



View 1

Time (ms) <

Original Gather

Seismic Conditioning

Mute Parabolic Transform

View 1 6.1 View 2 PlotD don
v Inserted Cur Gamma Ray

15

1600

Time (ms) < Time (ms) ¢

1300

1500

Trim Static




A

'.A

a a ;a . A a »
w al |0 ol0 » AR
IL 2855 2828 2300 2774 2748 2723 2697 2676 2670 2665 2656 2640 2624 2599 2572 2544 |/ 2
XL 2677 2734 2793 2854 2914 2975 3036 3102 3181 3259 3337 3410 3483 3546 3605 3862 | 3
7z YY W ¥ | WYY X WT 1 Y W ¥ | ¥Y¥ 1 | ¥Y¥ ¥ 1 Y k i d h 4 ] W W
" Full Stack] 2 = € - 7
- . 2509m
- -~ I %
— - - N : I:_s._oo
~ e s
e S o - - = -
- -, - -
- - .- - .- - - -
P g e~ 3 KIS ——. - — -
. e iy, e T o |
. . - - e - \
IL 2856 2823 2800 2774 2748 2723 2697 2676 2670 2665 2656 2640 2624 2599 2572 2544 2510 2477 2443
XL 2677 2734 2793 2854 2914 2975 3036 3102 3181 3259 3337 3410 3483 35 3605 3662 3705 3748 3790
Sk = ) « -’
700 ™ . vy
[« M2 . &\‘ht‘\
- A - ~
Intercept (A A~ agenn LSS
-1800 - PR TR, A
‘ ".“
- L - e .
B .. v.é\’m —2 BN -
-1900 e T e
-t -
- e — -
_2000 - — - —~ -
-~ .. .
s e
~ -t ~— - -
IL 2856 2828 2800 2774 2748 2723 2697 2676 2670 2665 2656 2640 2624
XL 2677 2734 2793 2854 2914 2975 3036 3102 3181 3259 3337 3410 3483
her B LA : L S O P WA SN\ S A
1700 R At = '( E- & “;"P? " e f’ D ek >, Iy AN It '\“""\ N
PR Va0 PV S SOIR Sl SRR S T R
. -~ - LA = v .
MGradient (B)fRe s =g O /PR N TPt X
. _ et - - el ~ g ) ~A s Sap .-v\;“ ’.M
1200y o o Sl W T bl VS ¥ A A
A .
'. 'n. -
-1900 L B B : 3
LS P "'—A-l
oy e e N I AR PO e A ——
v v p T ! . - v‘
T - -.4' * 1 ;";. “ Py ? . S e N »
-2000 %*‘l‘_* .i" e Peh P 2t 4 2t Q“.
gy < e N o e o

o 7.




=
L

i
«{nm»»»»m

Bl
I!Mlﬁllﬁ%ﬁ!ﬂﬂﬂﬁllllIlll

I

|ﬁ::§ii\m«§?\%m“m" 'V
lﬁmmmm ifW%

RN

AVA class Vs seismic response




Window-attribute generation

14At1 + 30 ms Minimum amplitude attribute (Far Stack-36-54°)
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A-B Classification: Sand internal architecture
3D View
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Observations & Conclusions

(1 Measured well data overall very good, so no log conditioning was necessary. However, gather were conditioned to remove
multiples and improve signal-to-noise.

[ A soft sediment model for shales and intermediate stiff sediment for sand were sufficient to build the different litho-
substitutions (porosity, clay volume).

O Fluid substitution modelling shows good discrimination between oil and brine in the reservoir, but negligible between
hydrocarbon cases (oil, gas, fizz gas).

L When porosity increases acoustic impedance dramatically decreases, and when porosity decreases acoustic impedance
increases. This behaviour does lead to a greater sensitivity to fluid changes, because there is a higher percentage of the bulk
rock that is fluid.

U Increasing clay similarly leads to a dramatic decrease in acoustic impedance and increase to Poisson’s ratio. It also reduce the
fluid sensitivity, most likely due to the fact that there is less reservoir available for substitution.

L AVO 3D attributes (A-B) domain technique proved successful in the area of interest to isolate good facies from shales, but as
well to characterize with certain accuracy the internal architecture of the reservoir for geo-modeling purposes, taking into
consideration the ambiguities the technique suffers caused by lithology effects, tuning effects, and overburden effects.

L With the knowledge of the relationships between seismic response and pore fluids properties from rock physics modeling one
can use this AVO technique as a DHI tool to a curtain extent despite the ambiguities.
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