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Seismic prediction of fractures and vugs in deep-water sub-salt lacustrine carbonates:
Taking F oilfield in Santos Basin, Brazil as an example

Huang Wensong', Xu Fang', Liu Chengbin®, Huang Jixin', Zhao Junfeng”, Guo Songwei', Li Yunbo'

(1. Research Institute of Petroleum Exploration & Development , PetroChina , Beijing 100083, China;
2. Brazil Petroleum and Gas Company, CNODC, Rio de Janeiro 22250-040, Brazil )

Abstract: The F oilfield, a deep-water sub-salt oilfield in the Santos Basin of Brazil, is characterized by deep burial,
diverse lithology and strong heterogeneity. Unlike commonly-seen porous reservoirs and some large karst cave reservoir
clusters in Western China, the reservoirs in the study area are deep-water lacustrine carbonate rocks with small vug size
and various fracture types, resulting in extremely unclear seismic responses and wrong interpretations with conventional
prediction methods for fractured-vuggy reservoirs. In addition, the massive salt layers overlaying the reservoirs also
reduce the resolution of seismic data of well fractured and vuggy parts and pose challenges to the understanding of their
distribution pattern through post stack seismic method. To deal with the problem, this study develops a workflow
suitable for the seismic prediction of small fractured-vuggy carbonate reservoirs of diversified lithology against a deep-
water sub-salt setting based on the development characteristics of fractures and vugs in the study area and a combination
of well and seismic data analyses to eliminate the lithologic interference of mudstone and igneous rocks. It features in the
optimization of seismic data and a quick responsiveness to geological information conveyed through seismic anomalies by
making full use of core, FMI well-logging and production leakage information. Application to the prediction of
dissolution pores and vugs has been proven positive as the method is capable of defining the sensitive seismic attributes
of fractures and vugs to predict fractures by combining structural stress field and to predict vugs by combining seismic
inversion results such as wave impedance, porosity and CGR. The study is of guiding significance to the prediction of

lacustrine carbonate reservoirs with fractures and vugs.

Yrim B :2021-11-09; f&1T B #3:2022-01-20,
E—1EHEE A W N (1973—), T R TR, Al < P & Hb)5i . E-mail: hwshws6@petrochina. com. cn.,



446 £S5 KRR R

43 5

Key words: sensitive seismic attribute , seismic inversion, prediction of carbonate fractures and vugs , deep-water sub-salt

reservoir, lacustrine carbonates, Santos Basin, Brazil

SIAMES BSOS AR5, XM , 45 . TROKER T I AR I £ 45 S8 T R S0 —— DAL P AT Gt P I o0 B[] A5 RAR T, 2022, 43(2) -

445-455,488. DOI:10. 11743/0gg20220216.

Huang Wensong, Xu Fang, Liu Chengbin, et al. Seismic prediction of fractures and vugs in deep-water sub-salt lacustrine carbonates : Taking F oil-

field in Santos Basin, Brazil as an example[ ] ]. Oil & Gas Geology,2022,43(2) :445-455,488. DOI:10. 11743/0gg20220216.

ZFE T (Santos ) 47 1 2 4 PG H5c A A g 1 43 M 22
— A IKIRZ) 1 800 ~ 2 200 m, F il A7 T340 4
HWARILER (Bl 1a), EZHMZE AR FEEATIRZT)
BT 240 T B A B — BT R B Guaratiba fERR IR £ A
DU 1h) , 201 &l )2 A R i 45328 Ttapema (7 FK
ITP)4L (A] 50 b R AL, B B ITP 5 7F 1TP) Al
Barra velha (& FX BVE)ZH (7] 43k b RN 4H
Bl | BVE 5~ BVE) (K 1c) , # R £ K F 5 000 m,

Sk B AR K AR T AR BRI R 25 T 2

SRRV PN 3R T B IR R A T e R L )2
JEI R - AN ERER K I B —— VD45 BT 7 A A9 55 BC
IR, Hoh 32 1482 Khuff 2 90 S0, 38
FLBR 2 Y Ay EASEAL B RO (] FL B L LB R AR 3 oy
5% ~30 %5 v B A L b g K,
BENER T WA R R I 2270 DL B R S 4 -
FLBRIY Sy 3215 [ P T B R kT DA HLUK 4 b 3

R /m

B w ! L [t
IAé_am‘ W e 4l i [T
BEDUZ s it
THE
ﬁ
o gt fé-
E!
<
g | (5 (3
£ |< g
EIE |8
5 gl |2
o
&
[LF i
s
BB i
IR 3
=2 o |3 =
HIEWsE| B [ § 3
o= /5
BRG] g
P2 =
< [g =S
21l ] N —
s |5 ==
J e - ==d ==
= |Guaruja — =
W 1’; Airi g
L
[OREEES ] - |Barra velhal
=]
E
5 Ttapema
Lk A4
Picarras
ﬁ [UCRT PN Camboriu
’% b
AL
R
[IESSv) B

\'\
.

S ETIEWZE  HENIERZ fili

B [ B

LiEe i TR UKL BRTR

K

RREEE

FI1 SRATH A F il Bz 8 R H 2 B ek 3
Fig. 1 Location and stratigraphic units of the F oilfield, Santos Basin
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Fig. 2 Spectrum analysis of seismic data indicating salt domes, F oilfield, Santos Basin
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Fig. 3 Analysis of seismic response characteristics corresponding to different lithologies, F oilfield, Santos Basin
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Fig. 4  Workflow for fracture and vug prediction in a multi-lithology setting
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