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1.  Oil Production Declining. Oil production in Indonesia 
is dominated by onshore mature fields that are 
experiencing rapid rates of decline (5 – 15%), yet 
hold significant remaining reserves. 

2.  Less new giant field discovery. 
3.  Some of the current obstacles to brown fields 

revitalization in Indonesia. 
4.  Common blockers include a lack of appropriate 

technology, poor process, conflicting objectives, 
unacceptable risk, and economic disincentives. 

5.  Declining the National Oil R/P. 

 

Indonesia Oil and Gas Situation 
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Source:	BP	Sta-s-cal	Review	of	World	Energy	(2020)		
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Source:	BP	Sta-s-cal	Review	of	World	Energy	(2020)		
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Source:	BP	Sta-s-cal	Review	of	World	Energy	(2020)		
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Source:	BP	Sta-s-cal	Review	of	World	Energy	(2020)		
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Source:	BP	Sta-s-cal	Review	of	World	Energy	(2020)		
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Source:	BP	Sta-s-cal	Review	of	World	Energy	(2020)		
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Source:	BP	Sta-s-cal	Review	of	World	Energy	(2020)		
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Statistical Review of World Energy 2020 
© BP p.l.c. 2020 
 

Crude oil prices 1861-2019 
US dollars per barrel, world events 



Ross Petroleum
June 2004

SPE/WPC/AAPG
Resource Classification System
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Under Development
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Prospect

Lead
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Project
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Risk

Lower
Risk
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DISCOVERED
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Production
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RESERVES

CONTINGENT
RESOURCES
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Unrecoverable

1P 2P 3P

Low

Low

Best High

Best High

PROSPECTIVE
RESOURCES
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Peak Oil 

en.wikipedia.org/wiki/Image:Hubbert.jpg	

en.wikipedia.org/wiki/Image:Hubbert_peak_oil_plot.svg	

Hubbert (1903-1989) 

Era of 
energy 
crisis 

 In 1956, Hubbert predicted that global oil production would 
peak around the Year 2000 and trigger an Energy Crisis with 
power blackouts and rising costs of energy and fuel   
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Projec7on	of	world	oil	supply	and	demand	up	to	2025	(Energyfiles	Ltd)		
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Projected World Energy Demand	

1900	 1920	 1940	 1960	 1980	 2000	 2020	 2040	 2060	 2080	 3000	

20	

40	

60	

80	

100	
100 BILLION	 	

BARRELS	 	

 	
 	
 	
 	
 	

 	
 	
 	
 	(BBOE/Year)	 Natural	 	

Gas	
Natural	 	

Gas	

Hydroelectric	

Crude Oil	

Solar	, W	ind	 	
Geothermal	

Nuclear Electric	

1993	

Coal	Coal	

 	 	

D
ecreasing 

Fossil Fuels 
N

ew
 Technologies 

World Energy Demand 

after Edwards, AAPG 8/97	

Careers	in	
Oil	&	Gas	

Remain	Important	

80	

20	5/19/21	



1	 •  Indonesian	Energy	Resources	CondiAon	

2	 • Level	of	Petroleum	InvesAgaAon	

3	 • Oil	&	Gas	Challenges	and	OpportuniAes	

4	 • Methodology	and	Case	Study	

5	 •  Indonesia	Basin	Re-Mapping	using	Gravity	Data	

6	 • Prospect	GeneraAon	using	Gravity	Data	

7	 • Reservoir	Monitoring	using	Time-Lapse	Technology		

LECTURE	MATERIALS	

21	5/19/21	



Level	of	
Petroleum	InvesAgaAon	
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Geophysics Geology Petroleum Engineering 

ß Exploration ------ ß Development ------ 

ß Production ------ 

Discovery 
made 

Production 
begins 
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Concession	

Explora7on	/	
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All operation subject to legal, political and economic constraints 

Geophysics Petroleum Geology Petroleum Engineering 

Chemical and 
Mechanical 
Engineering Marketing 

In the petroleum 
industry, petroleum 
geology is only one 
aspect of petroleum 
exploration and 
production  

(Selley, 1998) 
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1" •  In"what"type"of"basin"does"the"area"lie?""

2" • How"old"is"the"sedimentary"sec:on?""

3" • Are"source"beds,"reservoirs"and"cap"rocks"present?""

4" • What"is"the"thermal"history"of"the"basin"and"the"surrounding"area?""

5" • Are"there"hydrocarbon"migra:on"possibili:es?""

6" • Are"there"traps"and,"if"so,"of"what"type"and"age?""

7" • Have"hydrocarbons"leaked?""

8" • What"is"the"possibility"of"discovering"oil"reserves?"
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1st	 • SEDIMENTARY  BASIN 

2nd	 • PETROLEUM SYSTEM 

3rd	 • EXPLORATION PLAY 

4th	 • PROSPECT 

Magoon and Dow (1994) 

Four	Levels	of	Petroleum	ExploraAon	

ECONOMICS 
NOT 

IMPORTANT 

ECONOMICS 
VERY 

IMPORTANT 
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Source Rock 

Reservoir Rock 

Seal Rock 

Trap 

Migration Route 

Elements 
 

Generation 

Migration 

Accumulation 

Preservation 

Processes 
 

Petroleum System Definition	
Geologic components and processes necessary to generate and store hydrocarbons, including a mature 
source rock, migration pathway, reservoir rock, trap and seal. Appropriate relative timing of formation of 
these elements and the processes of generation, migration and accumulation are necessary for 
hydrocarbons to accumulate and be preserved. The components and critical timing relationships of a 
petroleum system can be displayed in a chart that shows geologic time along the horizontal axis and the 
petroleum system elements along the vertical axis. Exploration plays and prospects are typically 
developed in basins or regions in which a complete petroleum system has some likelihood of existing.  



Factor Sedimentary 
Basin 

Petroleum 
System 

Play Prospect 

Investigation 
 
Economics 
 
Geologic Time 
 
Existence 
 
Cost 
 
Analysis & 
Modeling 

Sedimentary Rock 
 
None 
 
Time of deposition 
 
Absolute 
 
Very Low 
 
Basin 
 

Petroleum 
 
None 
 
Critical Moment 
 
Absolute 
 
Low 
 
System 

Traps 
 
Essential 
 
Present-day 
 
Conditional 
 
High 
 
Play 

Trap 
 
Essential 
 
Present-day 
 
Conditional 
 
Very high 
 
Prospect 
 

Factor Comparison  
in the Four Levels of Petroleum Investigation  

Magoon and Dow (1994) 
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1st	 • SEDIMENTARY  BASIN 

2nd	 • PETROLEUM SYSTEM 

3rd	 • EXPLORATION PLAY CONCEPT 

4th	 • PROSPECTS GENERATION 

5th • DELINEATION 

6th • DEVELOPMENT 

7th • PRODUCTION 

Magoon and Dow (1994) 

Seven	Levels	of	Petroleum	InvesAgaAon	

EXPLORATION 
PHASE 

DEVELOPMENT 
AND 

PRODUCTION 
PHASES 
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The	Challenges	and	
OpportuniAes	

5/19/21	 31	



Project 
phase 

Critical subsurface information Technology 
Involvement 

1) Exploration §   Proven Petroleum System and Play Concepts 
§   Resources and Reserves information 

§   Geophysics 
§   Geology Concept 
§   Drilling 

2) Delineation §   Total hydrocarbon volume 
§   Areal limits of petroleum reservoir 
§   Deliverability 

§   Geophysics 
§   Geology Concept 
§   Drilling 
§   Reservoir 

3) Development §   Compartmentalization 
§  Bypass Oil 
§   Exact locations of development wells 

§   Geophysics 
§   Development Geology 
§   Drilling 
§   Reservoir 

4) Production §   Hydrocarbon saturation and pressure changes 
§   Flow restrictions and channeling 

§   Production 
§   Reservoir 
§   Geophysics 

Oil and gas operational phases and Technology Involvement	
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Re-Mapping	of	Sedimentary	Basins	of	
Indonesia	

Define	the	Petroleum	System	and	
ExploraAon	Play	Concepts	of	each	Sub-
Basins	of	Indonesia	

Define	the	Oil	and	Gas	Resources	of	enAre	
Basins	of	Indonesia	

Prove	the	resources	to	be	reserves,	
including	the	areas	where	seismic	method	
doesn’t	work	

Build	reservoir	model	accurately	

Monitor	and	image	the	dynamic	properAes	
of	reservoir	unAl	field	terminaAon	

OpAmize	producAon	and	Improve	Recovery	
Factor	

Reduce	CO2	Emission	
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Declining	
Conven7onal	
Oil	and	Gas	
Reserves	and	
Produc7on		

Are	s7ll	have	
possibility	to	
increase	its?	Where,	
how	much	and	what	
concept	and	
technology	to	be	
applied	

?	

	
OIL	PLAY	CHALLENGE	

	



PROBLEM	
STATEMENT	

How	can	we	double	the	
producAon	and	sAll	have	
bigger	reserve	than	we	
started	with?	

New	Concept	and						
High	Technology	
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1	• Regional	Study	

2	• Leads	and	Prospect	Genera7on	

3	• Drillable	Prospect	Genera7on	

4	• Drilling	

5	• Plan	of	Development	

6	• Reservoir	Monitoring	

1	 • Gravity,	Magne7c,	2D	Seismic		

2	 • 2D	or	3D	Seismic	

3	 • 2D	or	3D	Seismic	

4	
• Borehole	Seismic																	
(Checkshot,	VSP)	

5	
• 3D	Seismic	Reflec7on,	
Resis7vity	

6	
• Time	lapse	Geophysics																						
(4D	Gravity,	4D	Seismic)	

Paradigm Shift of Gravity Technology Utilization  
In Oil and Gas Industry 

Stages Geophysical Tools 
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OpportuniAes	to	Increase	Reserve	and	ProducAon		
Using	Gravity	Technology		
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1.  National Exploration and Production Data 
Availability 

2.  National Experts 
3.  Technology Availability   
4.  Opportunities to discover  

– New Basins for future exploration activities 
– The extension of proven play area in mature 

basins 
– New exploration play  
– Additional resources and reserves 
– Recovery Efficiency 

 

Indonesia Oil and Gas Opportunities 
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Cekungan Sedimen Indonesia 1949-2006 : 
Perkembangan Konsep dan Status Terkini 

 
 

Oleh : Awang Harun Satyana (Divisi Eksplorasi BPMIGAS) 
 

 
Penyebaran jalur minyak Indonesia secara regional pertama kali dikemukakan oleh van 
Bemmelen (1949), untuk mineralisasi dikemukakan oleh Westerveld (1952). Masa kini, kita tahu 
jalur-jalur minyak itu digambarkan ke dalam sebaran-sebaran cekungan. 
 

 
 
Gambar 1 . Peta awal penyebaran jalur minyak Indonesia (van Bemmelen, 1949). 
 
van Bemmelen membagi jalur-jalur itu ke dalam sebelas jalur : 1. East Sumatra Belt (North, Mid, 
South Sumatra), 2. West Sumatra Belt (cekungan-cekungan fore-arc Sumatra sekarang), 3. SE 
Sunda Belt (maksudnya SE Sundaland, termasuk North Java dan Madura, SE Borneo, East 
Borneo, NE Borneo, dan Sabah), 4. Central Borneo (Melawi-Ketungau sekarang), 4a. NW 
Borneo (Sarawak-Brunei sekarang), 5. West Celebes (Lariang, Karama, Sulawesi Selatan) – jalur 
ini bergabung di baratdayanya dengan jalur SE Sunda, 6. East Arm Celebes (Banggai-Sula 
sekarang), 7. Buton, 8. Timor-Seram (Banda arc sekarang), 9. South New Guinea (memanjang 
dari Kepala Burung-Lengguru-Asmat-Merauke), 10. Median New Guinea (Central Range), 11. 
North New Guinea (Sarera-Rombebai-Jayapura). van Bemmelen menyusun jalur-jalur ini 
berdasarkan kejadian rembesan, lapangan-lapangan minyak, dan kemungkinan geologinya.  
 
Kompilasi jalur-jalur minyak van Bemmelen ini menarik dan sampai saat ini terbukti benar. Di 
luar jalur-jalur ini, meskipun sekarang diidentifikasi banyak cekungan, sampai sekarang tak ada 
penemuan hidrokarbon. Jalur2 minyak ini meliputi onshore dan offshore. Tentu ada penemuan-
penemuan minyak di luar jalur ini yang tak diperkirakan van Bemmelen, yaitu di offshore 
Natuna, offshore Makassar Strait, dan offshore Tanimbar. Secara garis besar, dapat dikatakan 
bahwa jalur minyak van Bemmelen 80 % benar. 
 
Pada akhir tahun 1960-an beberapa tulisan penting tentang cekungan minyak Indonesia telah 
muncul terutama untuk cekungan-cekungan Sumatra Selatan, Jawa Timur, dan Kalimantan 
Timur (dari L.G. Weeks dalam suatu forum World Oil Symposium). Khusus Indonesia Barat,  

Peta	awal	penyebaran	jalur	minyak	Indonesia	(van	Bemmelen,	1949)	
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SOUTH CHINA SEA 

SULAWESI 
SEA 

PACIFIC OCEAN 

BANDA SEA 

400  KM 

western 

eastern 

DRILLED 
38 

UNDRILLED 
22 

NON PRODUCING 
23 

PRODUCING 
15 

NON DISCOVERY 
15 

DISCOVERY 
8 TOTAL OF 

60 BASINS 
 

Status : Jan 01, 1999 

INDONESIA  TERTIARY SEDIMENTARY BASINS 
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Indonesia	Basins	
Re-Mapping	

Using	Gravity	Data	
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New	ExploraAon	and	AcquisiAon	Strategy	
New	View	on	Mature	Basins:	New	Plays	
and	Development	of	Exis6ng	Plays	 OpportuniAes	Discover	New	Basins	

Beher	Understanding	of	Geology	

Basin	
configuraAon	 Tectonic	 Structure	 Depth	to	

Basement	
Petroleum	
System	

Old	Data	New	Technology	and	Concept	

Gravity	 MagneAc	 Seismic	 Well	Log	 Landsat	 Surface	
Geology	
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Gravity Bouger Anomaly 

Spectrum Analysis 

Residual  Anomaly 

GEOLOGY 

Filtering & Horizontal Gradient  

GRAVITY 

Deconvolution 

Tectonic 

Petroleum System 

 
Stratigraphy 

 

Regional  Anomaly 

Depth of Mantle 

Density distribution  

Plays Identification 

Resources  
Calculation 

Integrated Basin Mapping Methodology Using Gravity Data 

Fields Size  
Distribution 

Remaining  
Reserve 

Basin Configuration Forward Modeling 

WELL DATA GEOPHYSIC DATA 
(Seismic Magnetic) 

Mature Basin New Basin 

Development of  
existing plays New Acreage 

Indonesia Oil and Gas  
Resources and Reserves 5/19/21 



PETROLEUM 
SEDIMENTARY BASIN 
MAPPING 
• Basin Mapping 
History 

• Recent Status 
• Geodynamic Analysis 
• Tectonic Inversion 
Analysis 

• Basin Validation 
• Validated Petroleum 
Basin Map 

BASIN 
CLASSIFICATION 
• Tectonic History 
• Basin Evolution 
• Sedimentary History 
• Heat Flow Pattern 
• Heat Flow Map 
• Basin Type 
Classification 

• Indonesia Basin 
Codification 

PETROLEUM 
SYSTEM AND PLAY 
• Source Rocks Types 
and Oil Expelled 

• Regional Migration 
Pathways 

• Reservoir 
Development 

• Traps 
• Exploration Play 
Concepts 

• Oil Expelled 
Calculation 

• Regional Migration 
Pathways Map 

• Reservoir 
Development Map 

• Petroleum System 
Chart 

• Exploration Play 
Concepts Map 

BASIN STATUS 
• Basin’s Fields Size 
Distribution 

• Play’s Field Size 
Distribution 

• Exploration 
Efficiency 

• Remaining Reserve 
• Basin’s Fields Size 
Distribution Chart 

• Play’s Field Size 
Distribution Chart 

• Exploration 
Efficiency 

• Remaining Reserve 

RECOMMENDATION 
• New Frontier Area 
• New Plays 
• Development of Existing 
Plays 

• Technology Support 
(Passive Seismic) 

• New Frontier Area 
• New Plays Area 
• Development of Existing 
Plays Area 

• Technology Support 
(Passive Seismic) 

Indonesia’s	Basin	Re-Mapping	
	(The	Challenges,	Approach	and	Deliverable)		

Modified	from	(Eko	Widianto,	2008)	
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CASE STUDIES 
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Eko	Widianto,	2008	

Bouguer Gravity Anomaly map of Java Island 
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Eko	Widianto,	2008	

Regional Gravity Anomaly map of Java Island 
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Eko	Widianto,	2008	

Residual Gravity Anomaly map of Java Island 
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Eko	Widianto,	2008	

Sedimentary Basin Configuration based on SVD Gravity Anomaly map of 
Java Island 
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Basin Configuration and 
General Migration Pathways 
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Hydrocarbon Migration 

Regional structure maps are used in the analysis of preferred 
hydrocarbon migration pathway position and directions, because: 
1.  Hydrocarbons migrate under the influence of subsurface pressures, 

and 
2.  Subsurface isobars are parallel to regional structure, so that  
3.  Hydrocarbon migration occur in a preferred ways in direction that 

lie parallel to pressure gradient or perpendicular to subsurface 
pressure isobars and perpendicular to regional structure contours.  

4.  Convex  structural elements concentrate flow lines  
5.  Concave  structural elements diverge flow lines 
6.  75% or more of basin’s oil production is contained in only 25% or 

less of the basinal area. 



!
Hydrocarbon migration pathways in the sedimentary basin (Pratsch, 1998)  
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Basin configuration and general migration pattern map  
Eko	Widianto,	2008	
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Reservoir Development 
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JONGGOL 

JATIRARANGON 
LIPPO CIKARANG 

JATINEGARA 

CBA 

TAMBUN 
PONDOK TENGAH 

PASIR JADI 

Petroleum System Analysis from Gravity Data 
Eko	Widianto	(2008)	
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Hydrocarbon  
Resources Calculation 
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Subdivide source rock  
into more homogeneous units 
(if necessary) 

1 2 3 …… N 

TOC / 100 
(wt %) 

Formation density 
(g/cc) 

Volume of Unit 
(V. cc) 

Mass of organic carbon 
(M, g TOC) 

X X =  

For each unit 
Evaluate equation 1 

Evaluate equation 2 
 

Hydrocarbon Index prior  to  
Hydrocarbon generation 

(HIo, mg HC/g TOC) 
 

 
Hydrocarbon generated  
per gram organic carbon 

(R, Mg, HC/g TOC) 
 

 
Present day  

Hydrocarbon Index 
(Hip, mg, HC/g, TOC) 

 

- = 

Multiply (equation 3) 

R (mg HC/g TOC) M (g TOC) 10-6 (kg/mg) 
Hydrocarbon generated  

by unit 
(HCG, kg HC)  

X X = 

Flow diagram of method for approximate calculation  
of mass of hydrocarbons generated Schmoker,	(1994)		
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Researcher	/	
Year	

West	
Java	

(BBOE)	

Central	
Java	

(BBOE)	

West		+	
Central	Java	

(BBOE)	

East	
Java		

(BBOE)	

Java	
(BBOE)	

Noble	et	al.,	
(1997)	 7.04	 7.04	

BP	Migas	
(2004)	 9.95	 30.8	 40.75	

Eko	Widianto	
(2008)	 38	 8	 67	 113	

Comparison	of	Hydrocarbon	Resources	
CalculaAon	of	Java	Island	
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1	 •  Indonesian	Energy	Resources	CondiAon	

2	 • Level	of	Petroleum	InvesAgaAon	

3	 • Oil	&	Gas	Challenges	and	OpportuniAes	

4	 • Methodology	and	Case	Study	

5	 •  Indonesia	Basin	Re-Mapping	using	Gravity	Data	

6	 • Prospect	GeneraAon	using	Gravity	Data	

7	 • Reservoir	Monitoring	using	Time-Lapse	Technology		

LECTURE	MATERIALS	
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Prospect	GeneraAon	
Using	Gravity	Data	
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Gravity Gradiometry 
•  Gravi ty gradiometry is the study and 

measurement of variations in the acceleration 
due to gravity. The gravity gradient is the spatial 
rate of change of gravitational acceleration. 

•  Gravity gradiometry is used by oil, gas and 
mining companies to measure the density of the 
subsurface, effectively the rate of change of rock 
properties. From this information it is possible to 
build a picture of subsurface anomalies which 
can then be used to more accurately target oil, 
gas and mineral deposits. 

http://www.gradiometry.com 
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Measuring the gravity gradient 
•  Gravity	 gradiometers	 measure	 the	 spa7al	
deriva7ves	of	 the	gravity	 vector.	 The	most	
frequently	used	and	intui7ve	component	is	
the	 ver7cal	 gravity	 gradient,	 Gzz,	 which	
represents	 the	 rate	 of	 change	 of	 ver7cal	
gravity	 (gz)	 with	 height	 (z).	 It	 can	 be	
deduced	 by	 differencing	 the	 value	 of	
gravity	 at	 two	points	 separated	by	 a	 small	
ver7cal	 distance,	 l,	 and	 dividing	 by	 this	
distance.	

http://www.gradiometry.com 
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! 11 

Dan kemudian anomali residualnya : 

                , 

         

Berdasarkan karakter spektrum dari filter ini, lebar window N x N berbanding 

langsung dengan low cut dari panjang gelombang atau high cut frekuensi 

spasial dari low-pass filter. Sehingga dengan bertambahnya lebar window akan 

menyebabkan bertambahnya panjang gelombang regional output. Dengan kata 

lain, lebar window terkecil menyebabkan harga regionalnya mendekati anomali 

Bouguernya. 

 

2.4  Metode Gradien Vertikal  

 

Teknik gradien vertikal dikembangkan dari besaran gradien diferensial, dimana 

gradien ditentukan dari suatu interval data gayaberat lapangan. Gambar 2.2 

menunjukkan skema model pengukuran gayaberat untuk menentukan  gradien 

vertikal dan pengukuran gradien vertikal gayaberatnya di lapangan. Skema 

struktur untuk pengukuran gradien-gayaberat vertikal tesrsebut dibuat dari dua 

buah kotak dengan ketinggian kotak masing-masing 1 meter, sehingga variasi 

finite-difference atau interval besaran dari gradien vertikal dapat ditentukan. 

Untuk pengukuran gayaberat dengan tiga beda tinggi yaitu h
(i-1)

, h
(i)

, dan 

h
(i+1)

, maka gradien vertikal gayaberat dapat dihitung dengan persamaan 

berikut : 

( ) ( )

( )

1

( )1

i i

ii

g gg
z h h

!

!

" #!$ % &=
% &$ !
' (

 miliGal/m , 

dengan  

z
g
!

!

 
: gradien vertikal gayaberat, 

g(i) : gayaberat terukur pada tinggi titik amat, 

! =! "!! " # ! " # ! " #!"# !"$$ % & $ % & $ % & !!

Gravity gradient calculation 
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Residual Anomaly Analysis 
and Vertical Gradient 
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Prospect  
Anomaly 
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1	 •  Indonesian	Energy	Resources	CondiAon	

2	 • Level	of	Petroleum	InvesAgaAon	

3	 • Oil	&	Gas	Challenges	and	OpportuniAes	

4	 • Methodology	and	Case	Study	

5	 •  Indonesia	Basin	Re-Mapping	using	Gravity	Data	

6	 • Prospect	GeneraAon	using	Gravity	Data	

7	 • Reservoir	Monitoring	using	Time-Lapse	Technology		
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Reservoir	Monitoring	
Using	Time-Lapse	

Technology	
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1. Introduction 
1.  Recently significant declined of oil and gas production 

relates to natural condition of the reservoir happened in 
over the world.  

2.  In order to increase total oil production not only exploring 
the new area but also applying latest technology have 
been implemented in mature fields. New prospective 
technology have been tested and applied to estimate the 
dynamic state of reservoir properties.  

3.  The 4D microgravity method combined with existing 
seismic data already applied in several oil fields in 
Indonesia. Experience in these fields gave a better 
understanding of the reservoir model.  

4.  The 4D microgravity method has some advantages 
compare with other method in term of less time 
consuming, repeatability, environmentally friendly and less 
cost. 



What	
dynamic	
changes	of	
reservoir	
properAes	do	
we	want	to	
predict	using	
Ame-lapse	
technology?	

CompartmentalizaAon	
Pressure	changes	
Phase	changes	
Reservoir	connecAvity	
Permeability	
Porosity	
Areal	extent	of	the	trap	
Bypass	Oil	
Well	deliverability	
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Stages 

Explora7on	

Development	
and	Produc7on	

	Business 
Challenges 

Define	the	oil	and	gas	
resources	
Prove	the	resources	to	be	
reserves		
(New	Discoveries)	

Build	the	reservoir	model	
accurately	
Find	bypass	oil	
Improve	Recovery	Factor	
Op7mize	Produc7on	

Technology 
Applied 

Seismic	Methods	
Gravity	Method	
Passive	Seismic	
Seismic	Ajributes	and	
Direct	Hydrocarbon	
Indica7on	

	
	
Time-lapse	Technology	(4D	
Microgravity,	4D	Seismic)	
Seismic	Ajribute	and	
Inversion	
Reservoir	Characteriza7on	
	
	

Oil	&	Gas	Business	Challenges	and		
Technology	ApplicaAon	

RE
AL

	T
IM

E	
M
O
N
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O
RI
N
G
	T
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O
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G
Y	



Real	Produc7on	
Report	

Reservoir	Management:	
Pressure,	Temperature	and	

Fluid	Satura7on	

Real-Time	Produc7on	
Monitoring	System	

Reservoir	Simula7on	Modeling	

Time-Lapse	Technology	

Produc7on	
Op7miza7on	

Real-Time Monitoring Technology 
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OIL	AND	GAS	
PRODUCTION	

RESERVE	ADDITION	
• EXPLORATION	
• New	Basin	
• New	Plays	
• Stra7graphic	Play	
• Exis7ng	Plays	Op7miza7on	
• RESERVE	GROWTH	
• Source	of	fields		
• Bypass	Oil	

RECOVERY	FACTOR	(RF)	
• SCALE	OF	OBSERVATION	
• Field	Scale	(Bypass	Oil)	
• Reservoir	Scale	
• Microscopic	
• STAGES		
• Primary	
• Secondary	
• Ter7ary	

GEOLOGY	AND	
GEOPHYSICAL	TECHNOLOGY	

GEOLOGY	–	GEOPHYSICS	
RESERVOIR	ENGINEERING	

TECHNOLOGY	
TIME-LAPSE	
TECHNOLOGY	

Integrated	Approach	to	Increase	Reserve,		
Recovery	Factor	and	ProducAon	of	Oil	and	Gas	

	
OIL	AND	GAS	
PRODUCTION	
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Time-lapse Technology 
1.  Reservoir management demands and economic benefits have been 

the drivers for development of the technology to detect time-lapse 
anomaly from successive geophysical surveys. 

2.  Time-lapse or 4-D geophysical surveys use to measure production 
and reservoir properties periodically during the life of the reservoir. 
Observed changes assist in the characterization of the reservoir.  

3.  Time-lapse surveys may indicate the presence of barriers to 
reservoir connectivity, changes in reservoir saturation and pressure. 

 
4.  Applications of time-lapse technology now span the life of the 

reservoir, from initial production to identify pressure cells through 
mid-field life monitoring of waterflood fronts to late-field life where 
the primary driver is identifying bypassed oil to extend economic 
recovery.  
 (Stephen	Pickering,	2006)	
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Time-lapse	Technology	

1	 • OpAmizing	ExisAng	ProducAon	wells		

2	 •  Pressure	Maintenance	

3	 • OpAmizing	InjecAon	and	producAon	wells	

4	 • Re-opening	and	drilling	bypassed	oil	

5	 •  Improve	Recovery	Factor	

ProducAon	improvement	of	hydrocarbon	field	
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Calvert,	2005	
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Calvert,	2005	
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http://www.ldeo.columbia.edu/res/pi/4d4/what-is.html 
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88	Modified	from	Gibson,	R.I.	&	Millegan,	P.S.;	1998	

GRAVITY	
DATA	

PLAY	
IDENTIFICATION	

PROSPECT	
CAPTURE	

PROSPECT	
EVALUATION	

RESOURCES	
APPRAISAL	

RESERVOIR	
MANAGEMENT	

THE	PARADIGM	SHIFT	IN	GRAVITY	DATA	UTILIZATION		
BY	USING	THE	HIGHER	RESOLUTION	OF	GRAVITY	DATA		

GRAVITY 
UTILIZATION 

Isostatic residual  
Regional 
tectonic  
  analisis 
Basin and  
  depocenter   
  enhancement 
Regional   
  modeling 
Digital data  
  integration  
  (with remote  
  sensing, etc) 

Semiregional   
  structural /  
  stratiigraphic  
  modeling 
Target-spesific  
  enhancements 
Layer stripping for  
  improved  
  delineation of   
  exploration 
targets 
Sensitivity studies  
  tied to density 
and  
  lithology 

Detailed, integrated  
  2D / 3D modeling   
  (with seismic  
  horizons, density,  
  and velocity  
  information) 
Porosity / pressure  
  prediction 
Salt edge / base  
  determination 
Enhanced velocity  
  analysis 

Integrated 3D  
  rock properties  
  and velocity  
  modeling 
Integrated depth  
  migration (pre-or  
  poststack) 
Borehole gravity- 
  remote porosity  
  detection 
Detection of  
  shallow hazards 

Integrated  
  reservoir  
  characterization 
 
Borehole gravity 
 
Time-lapse   
precision 
gravity , 
including for 
Carbon 
Storage 
Monitoring 

GRAVITY 
RESOLUTION 
REQUIRED * 

1 – 5 mGal 
2 – 20 km 
wavelength 
Continental 
grids,  
  satelite gravity,   
  airborne 
gravity 

0.2 – 1 mGal 
1 – 5 km 
wavelength 
Conventional 
marine  
  and land surveys 

0.1 – 0.5 mGal 
0.5 – 2 km  
  wavelength 
High-resolution   
  land and marine  
  surveys 

0.1 – 0.5 mGal 
0.2 – 1 km  
  wavelength 
0.01 – 0.005 mGal  
  (borehole) 
High-resolution  
  land, marine,  
  and gradiometer  
  surveys 

0.02 – 0.1 mGal 
1 –  5 years 



TheoreAcal	Background		

•  Gas, oil and water have different densities, and 
are subject to gravity forces in the reservoir 

•  Mass redistribution will cause changes in the 
gravity attraction in boreholes and at the surface 

•  Reservoir compaction and overburden 
subsidence will also cause gravity changes in 
boreholes and at the surface. 
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Gravity	Monitoring		

•  Surface	gravity	changes	reflect	underground	mass	
redistribu7on	caused	by	produc7on	and	re-
injec7on	of	hydrocarbon	fluids		

•  Precise	measurement	and	analysis	of	gravity	
changes	can	thereby	help	reveal	changes	in	
reservoir	condi7ons		

n  establish a systematic procedure for micro-
gravity monitoring of operating Hydrocarbon 
fields  
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Need good survey planning 

Microgravity anomaly response is 
very small (order < 100 µgal) 

4-D microgravity anomaly caused by: 
Gravity tide Land 

subsidence 
Groundwater 

level  / season 
change 

Topographic 
change 

Subsurface 
fluid dynamics 

Subsurface 
pressure 
change 



4D	Gravity	Anomaly	:	

First	measurement	called	base	line	survey	
Next	measurement	called	monitoring	survey	

Δg x, y, z,Δt( ) = gobs x, y, z, t2( )− gobs x, y, z, t1( )

Time	lapse	microgravity	anomaly	reflects	verAcal	ground	
movement	(subsidence)	and	subsurface	density	change		

Time-lapse	gravity	anomaly	is	given	by:	
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Injection well Production well Production well 

Water 

Oil 

ρ = ?

Δg 

0 
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Injection well Production well Production well 

Steam 

Oil 

ρ = ?

Δg 

0 
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Corrected	Time-lapse	(4D)	
Microgravity	Anomaly		
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PETROLEUM	
ENGINEERING	
AND	
GEOPHYSICAL	
DATA	

Reservoir’s:		
Depth,	thickness		
Permeability,					
Viscosity,	
Porosity,					
Density,					
Injec7on	and	
Produc7on	data	

TIME-LAPSE	
RESERVOIR	
SIMULATION	

TIME-LAPSE	
DISTRIBUTION:	

• Fluid	
density	

• Pressure	
• SaturaAon	
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OUTPUT	
Surface	gravity	

response		
Time	interval	gravity	

measurement		
Gravity	Acquisi7on	

parameter	

GRAVITY	PARAMETER	CALCULATION	

Density	Change		 Gravity	Response		 Wavelength	Analysis	

TIME-LAPSE	RESERVOIR	SIMULATION	



1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

1 DATA PREPARATION

2 FEASIBILITY STUDY

Reservoir Simulation

Density change

Gravity Response

Wavelength Analysis

3 ACQUISITION

4 PROCESSING

5 MODELING

6 SIMULATION

7 REPORT WRITING AND 
RECOMMENDATION * *

* * * *

EXPERTS

Team Leader (1)

Sr. Reservoir Engineer (1)

Sr. Geophysicist (1)

(*) Assumption Survey area : 10 x 5 km2
Point spacing : 500 m
Total point :
Production : 10 points / day
Acquisition Time : 1 month

DEPEND ON 
SURVEY AREA (*)

250

I (19) II (20) III (21)TIME BREAK WAITING FOR THE NEXT SURVEY (Average is 6 months)
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Density Changes Map 
September 2004 - November 2006 Period 
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Pressure Apparent Changes Map 
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Time-lapse Microgravity Anomaly Map 
September 2004 - November 2006 Period 
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4D	Microgravity	Anomaly	of	Sandstone	Field	
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Density	Contrast	Map	of	Sandstone	Field	
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Apparent	SaturaAon	Map	of	Sandstone	Field	
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CONCLUSIONS	

1.  Indonesia's	 oil	 and	 gas	 resources	 are	 es7mated	 to	
be	very	large	in	all	sedimentary	basins	of	Indonesia.	

2.  Indonesia's	 reserves	 can	 s7ll	 be	 improved	 through	
the	discovery	of	new	fields	with	the	gradient	gravity	
method,	as	well	as	the	development	of	produc7on	
fields	 with	 Time-Lapse	 Technology	 applica7ons,	
especially	to	search	for	bypass	oil	in	mature	fields.	

3.  With	 the	 rela7vely	 low	 oil	 prices	 being	 the	 right	
moment	 to	 use	 economical	 and	 environmentally	
friendly	 gravity	 technology	 to	 map	 resources	 and	
reserves	in	Indonesia.	



PUSTAKA	
1.  Abriel, W.L.; 2008; Reservoir Geophysics: Applications; Distinguished Instructor 

Series, No. 11. SEG & EAGE. 
2.  BP; 2020 ; Statistical Review of World Energy. 
3.  Boyd, T.M., 2003; Introduction to Geophysical Exploration; Colorado School of 

Mine. 
4.  Calvert, Rodney; 2008: Insights and Methods for Reservoir 4D Reservoir Monitoring 

and Characterization; Distinguished Instructor Series, No. 8. SEG & EAGE. 
5.  Deva Ghosh, 2010; Geophysical Issues and Challenges In Malay and adjacent 

basins ; SEG Honorary Lecturer. 
6.  Doust, H.; 2010; The Exploration Play - What Do We Mean by It?; Search and 

Discovery Article #40486 (2010) 
7.  Eko Widianto, 2008; Penentuan konfigurasi struktur batuan dasar dan jenis 

cekungan dengan data gayaberat serta implikasinya pada target eksplorasi minyak 
dan gas bumi di Pulau Jawa; Disertasi S3 ITB. 

8.  Gibson, R. I. (1998): Gravity and Magnetics in Oil Exploration: A Historical 
Perspective, in Gibson, R.I., Millegan, P.S. Eds., Geologic Applications of Gravity and 
Magnetics: Case Histories; SEG Geophysical References Series, No 8, AAPG Studies 
in Geology, No. 43; Published Jointly by SEG and AAPG, Tulsa, USA. 

9.  Lake, L. W., Fundamentals of Enhanced Oil Recovery; The University of Texas at 
Austin;  Larry_Lake@mail.utexas.edu 

10. Magoon, L.B.; Dow, W.G., 1994: The Petroleum System – From Source to Trap; 
AAPG Memoir 60; Tulsa, Oklahoma, USA. 

11. Saleri, N.G, 2008: Deconstructing Peak Oil ; Rice University 
12. Snedden1, J. F. (Rick) Sarg1, and Xudong (Don) Ying2; 2003; Exploration Play 

Analysis from a Sequence Stratigraphic Perspective; Search and Discovery Article 
#40079 (2003) 

REFERENCES 

108	



5/19/21	 109	


