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HISTORICA

Petroleum products have been used for at least 8000 years
Herodotus 450 BC — natural seeps

Egyptians — mummification/ Victorian medication

Ancient Greece everlasting flame in the sacred Oracle at Delphi
Persian Temples built around natural gas sources

Early uses:
medication, waterproofing, warfare

Up to mid 19 century: all oil produced from seeps, shallow pits and hand
dug shafts

James Young: extracted oil from carboniferous shales, Scotland 1847: “oil-
shales”

1st Natural gas: Sichuan Province China several thousand years ago
Bamboo tools and pipes — salt production

15t oil-seeking well = Pechelbronn, France, 1745

15t well to produce oil: Qil creek, Pennsylvania by “Colonel” Drake



SPORES AND POLLEN

DINOFLAGELLATES

DIATOMS

MICROFOSSIL GROUPS

Spores: plants (2-100 microns).
Ordovician— Recent. Reproductive bodies of

Nonflowering

Pollen: Reproductive bodies of

Flowering Plants (2-200 microns),
Gymnosperms: Devonian—Recent,
Angiosperm: Middle Cretaceous-

Recent.

Unicellular Autotrophic and
Heterotrophic, flagellated organisms
(20-200 microns). Upper Triassic—Recent

Siliceous Frustules (5-200 microns).
Cretaceous—Recent.




SILICOFLAGELLATES —

Silica secreting marine Flagellates (20-
100 microns). Cretaceous—Recent.

COCCOLITHS Calcareous Fossils (2-20 microns), Triassic—
Recent.

Siliceous unicellular spherical or Bell-shaped
Pelagic remains (50-500 microns), Precambrian—
Recent.

RADIOLARIA

Phosphatic plates or cuspate jaws,
CONODONTS Cambrian-Triassic







in organic rich shale. Hunt, 1995.



in organic rich shale. Hunt, 1995.



What i1s a source rock?

“A rock which contains sufficient organic matter to generate commercial

quantities of hydrocarbons
upon reaching thermal maturity”




Source Rock Deposition: Bl i
Productivity and Preservation /l' \

Carbon Cycle
M“ﬁﬂhﬂf e F‘Iant ife
\ Cegradaton —-// \-. Sedment
Respiration Sink

Tﬂrbanlte Algal Enal Sc&tland Silurian ‘hnt’ shale, Mddl East




From organic matter to petroleum
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Total Organic Carbon (TOGC): What makes a good source rock?

Generation Potential  TOC in Shales (%)  TOC in Carbonates (%)

None 0.0-035 00-02
Poor 05-10 02-03
Fair 1.0-20 0.5-10
Good 20-50 10-20
Excellent >5.0 >2.0

%
%




Marine and lacustrine benthic environments

Eﬁﬂ‘aﬁﬂ toMnI';r;u Coarse
Sediment Laminated, no bioturbation burrowed | bioturbation
% TOC 31020 1103 0.05t01
H/C of OM 1.6 1.2 1'.'.1.!3“|
OM type land Il n=1m =1
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O2-depleted environments associated with deposition of OC-
rich sediments

VAN

L | Stratified
agoonal, freshwater
Outer shelf deltaic and” ]:ﬁ.;m ‘ Basins of
Oz-minimum coastal swamps restricted
i:jr:rl; Illl_l::ltr circulation
pwelling on continental
shelves

Silled, deep-
water basins
on continental
slope and rise
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Organic matter cycling on continental margins: Importance of lateral transport

Temigenous
input

Detached
particls |ayer

Intermadiate
particle layer

Benthic particle layer
Huno Ab yss

15



Figure 5-4

Anoxic sediments deposited along the shelf of Peru, owing to contact with the oxygen
minimum layer containing <0.5 ml Oyl H;O. TOC wvalues in anoxic sediments are 3 to
10%: in oxic, 0.5 to 3%. [Demaison and Moore 1980]
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Rio de Contas Formation (Barremian)

LARGE FETCH -

HIGH

WATER .
IHFLOW HIGH ilj:n{AR'r PRODUCTIVITY
DEEP\}

THERMOCLINE — T T T S T T
ANOXIC

EFFICIENT NUTRIENT
RECYCLING

Morro do Barro Formation (Neocomian)

SMALL FETCH .

LD“."JI;“LE; MODERATE TO LOW
'\_’. PRIMARY PRODUCTIVITY

SHALLOW
THERMOCLINE ~—

ANOXIC

INEFFICIENT NUTRIENT
RECYCLING

METHANOGENESIS (7}

Diagrammatic model showing the inferred paleolimonological conditions
of the Camamu rift lake basin and its control on the development of the
petroleum source rocks in the Morro do Barro and Rio de Contas

formations .



Strong offshore winds
cause low pressuras near shora.,

- Surface watar flow

Normal temperaturas

1:_"G — —_ .
e - L

FIGURE 13.24 Upwelling results when strong, offshore
winds cause a low-pressure rone near shore, and
deep waters rise in response.
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Wind Driven Upwelling

Offshore Wind
—_ = —> —> —>

C-’-P—*Warm

Wind Driven Downwelling

4— 4— <4— 4+ <+ OnshoreWind




Marine OM
Phyto & Zoo planktons

errestrial input

PhoticZone
en Minimum

Upwelling
currents|

Deep Cold

Fig. 10 A diagram illustrating the formation of OM under upwelling current regime
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Sea level changes

‘T
= Geological Principal coal Principal prolific
a3 periods resources . _ oll source rocks
2 Rising Falling
(m)+400 +200 0 200
1 1 1 L | 1 1 - - -
) - Indonesia, California, Venezuela, Caucasus
Tertiary
Morth America, Far East
1 Middle East, Canada
100 Cretaceous _ = USA, Mexico, Venezuela, Equator, Columbia
J M. A"‘Erlﬁa__ GlS, China o Middle EEIS’[, Mexico
Jurassic Morth Sea, Middle East
1 ClS, Asia, Australia Mexico, Siberia, Australia, Central Asia
200 T
| Triassic
Permian Gondwana, CIS, China
l West Texas, Rocky Mountains
BDD- Carbonifer. M. America, Europa
Sahara, Volga-Ural
| Devonian Canada, West Texas
400 —
| Silurian i Sahara, West Texas
. Fresant
| Ordovician sea-
500 . levvel
1 Cambrian > ;/
[~

y |



WorSSoNrce ROCKS & RESEIVOIrS

World wide stratigraphic distributionof  Stratigraphic distribution of the
major source rocks major reservoir rocks world wide

Era Period : Period 10% 20% 30%
| Ll AbET mar | Quaternal
Pliocens
Miocene 22.3%
Oligocene

m
T

Upper Tertiary 12.5%

Eocene

UCrataceous - Lw Tertiary 2.8%

Aptian-Turonlan E‘E-'.-i-

Lower Cretaceous 2.6%
Upper Jurassic 25‘}‘:.-

Paleocene

MESOZOIC | CENOZOIC

M Jurassic to U Permlan 1.2 %

- Penn.-U Permlan B%
Carboniferous | m.u Miss. 0.4%

U Devonlan - U Miss, B%

L - M Devonlan 0.3 %
Slurlan 9%

PALEOZOIC MESOZOIC | CENOZOIC

PALEOZOIC

Cambrian ambro-Ordovician 1 % . ol
| UProterozoic U Proterozoic 0.2 % B Gas BRIAN U Proterozoic

PRECAM

{Modifiad from Uimashek and Klamme, 1990



BASIC COMPONENTS OF ORGANIC MATTER

S, fog ey R, gem, B B B g, i i e . - e e . . E O e e

PROTEINS

More abundant in animals: O, C, N, H

CARBOHYDRATES
Occur in both. C,(H,0),
sugars, cellulose, starch

LIPIDS (Fats)
Occur in both: C, H, O
Fats, oils, waxes (e.g. leaf cuticles)

LIGNIN

Occurs in plants: complex aromatic ring structures, large molecules



Molecular Components of Biomass

O

Lipids . G/k/\/‘v
/\/\/\)I\G{G/Jﬂ\/\/’\/

Carbohydrates and Polysaccharides

CH.O

C:H- 0 0

CH_ O =
Tl g H

CH.O ]

* o % OH
() ; A

OH OH

OH LH

oH

LiH
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STRUCTURES OF VARIOUS LIPIDS










Molecular Components of Biomass
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Hydrolysis Products of Biomass

Fatty Acids (Hydrophyllic Acids)
O

/\/\/\/\/\)I\UH

Sugars Amino Acids
CH,O O
O, OH
H,N
OH OH
HO

OH




» occurs in all organic life and is the basis for organic chemistry

Elemental Composition

C H S N 0

Carbohydrates | 44 6 0 0 50
Lignin 63 5 01 | 0.3 | 316
Proteins 53 7 1 17 22
Lipids 76 | 12 0 0 12
Petroleum 80 13 1 0.5 | 0.5
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Carbon Cycle and Sediment Sink

/ Photosynthesis \
CC}E :C!

Atmosphere Plant Life

7\
999 % 0.1 %
Degradation =—" T Sediment

Respiration Sink




KEROGEN
~

Shallow subsurface

Normal pressure and temperature
Diagenesis Released: CH,, CO,, H,0

* Overall decrease in O

* Overall increase in H and C

L

Deeper subsurface

Catagenesis Increased pressure and temperature
Released: oil & gas
* Overall decrease in Hand C

N

Metamorphism
Metagenesis High temperature and pressure
Only C remains: becomes graphite

N



Summary: Abiotic Breakdown of
Biomolecules

Lignin, Carbohydrates, Proteins, Lipids
!

Fulvic, Humic acids, Humin

4

1l
Hydrocarbons ===t ¥/ ()F-1s =

L




Carbohydrates, Lipids,

Diagenesis

Proteins, Lignins

Microbial Alteration and Hyvdrolvsis
< 50°C

Sugars, Amino Acids,
Fatty Acids, Phenols

Condensation, Cvclization and
Polvmerization
< 50°C

Nitrogenous and Humic

Catagenesis

Complexes, Kerogen

Thermocatalytic Cracking,
Decarboxylation
50-200°C

Petroleum Hydrocarbons,
Low MNolecular Weight

Metagenesis

Organic Compounds

Thermal Crackin
= 200°C

Figure 7-2

Hydrocarbon Gases,
Pyrobitumen, Graphite

Biopolyvmers

Bionomers

Geopolymers

Geonomers

Residual
Carbon

Conversion of Organic Material into Hydrocarbons



6 C0Oz:+6H0

Denitrificatiorn
245 MO 3~

CsH1206 6 CO2 + 12/5 N2

Fermentation
CsH120 —a= 2 CHiCOCOOH + 2 H>

CH3COCOCH + H; O —»
CH3zCOOH + COz + 2 Ha

Suffate reduction

CHzCOOH + SOad —3— 2 0O, + 2 HO +H25S

A CHzOOCOOH + SOa2- ——
4 CO s + 4 CHsCOOH +52-

Methanogernesis
CHsCOOH —_— COo 4+ CTHA

Ci O 4+ AH2 — B CHa4 + 2 HO
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The Anoxic Environment: Summary

Type of
Respiration

Residence Time of
Organic Matter

Oxygen Consumption

Sulphate
Reduction

Bacterial CO,

reduction

Days/ Months

o lyear

} 750 years
} 500 years }

} 750 years i

100 cm

Poorer OM Preservation
Lower Quality OM.

Biological reworking is
enhanced by:

 Presence of animal
scavengers at interface
 Bioturbation by worms
facilitating diffusion of
oxidants (02, SO4) in
sediments

 Lesser organic
complexation with toxic
metals



The Anoxic Environment: Summary

Type of
Respiration

Residence Time of
Organic M atter

Oxygen Consumption

Bacterial
Sulphate
Reduction

Bacterial CO,
reduction

Days/ Months

NO
BIOTURBATION

100 cm

SULPHATE

1250 years
DEPLETED 1ER J

ANOXIC Environment
Better OM Preservation
(1-25% TOC)

Higher Quality OM.

Biological reworking is
slowed by:

» Absence of animal
scavengers

* Restricted diffusion of
oxidants (SO4) into
undisturbed sediments

o Lesser utilization of
lipids by anaerobic
bacteria

37



Biological Breakdown of Biomolecules

Amino Acids

Fatty Acids
sugars
Humic/Fulvic Acids

—* Respiration— | CO,

'

Fermentation

l

Acetate

Alcohols |—» AMethanogenesis —™

Extremely anaerobic
conditions

CH,




Methane Hydrates

At the pressures and temperatures

of the ocean bottom, biogenic
methane is trapped as clathrates.

39



There are two pathways that yield methane:

Freshwater

CHsCOOH --> cH 4 + CO,

Marine

CO, + 4H, --> cH 4 + 2H,0
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-« PETROLEUM SYSTEM >

Reservoir
rock

Present-day surface —w

AR

rricrobial
gas zone

v

L "*tesssansisssnsne
ail &
wet gas
ohe

Source
rock

Trap
(oil fields)

—, Migration
2 pathways

(note: thickness of reservoir sand
15 exaggerated for visibility)

Main lithology

[ ] sandstone

[ shale (organic-rich)
[—"] shale {(organic-poor)
[ 1 crystallinefvolcanic

Onset depth of thermal generation s e s s e m e s

Onset depth of dry gas generation SEEEsEEm®

8000 ft- Approximate scale
4000 ft. (vert. exag. = 132x)
0 e— — w—
0 100 200 300 miles



Kerogen-degradat

lon mechanism

Kerogen

C«':':. H:':' :':'2 HED
- il —— zas
Carbonaceous Carbonaceous
residus residus

Frimary cracking
(n1 reactions)

Secondary cracking
(N2 reactions)




Definition of kerogen: kerogen is defined as the fraction
of large chemical aggregates in sedimentary organic
matter that is insoluble in solvents (in contrast, the
fraction that iIs soluble in organic solvents is called
bitumen). Kerogen represents about 90% of the organic
carbon in sediments. It is possible to obtain information
about the overall structures and biomarker contents of
the macromolecular organic matter



Precursor to oil and gas
Insoluble In organic solvents

Complex mixture of high molecular weight organic
materials

Bulk composition determined by source and
environment

General composition may be described as:
(C12H120Ng 16)X



KEROGEN FORMATION

[ e e el S P S B B N W o

2 stage:

Polymerization: Conversion of geomonomers to
geopolymers (onset rapid, short period: 100’s —
1000’s years. Temperatures up to 50°C

Rearrangement of the geopolymers



Type |
econtaining alginite, amorphous organic matter, cyanobacteria, freshwater
algae, and land plant resins (AMO)

Hydrogen:Carbon ratio > 1.25

*Oxygen:Carbon ratio < 0.15
*Shows great tendency to readily produce liguid hydrocarbons.

oIt derives principally from lacustrine algae and forms only in anoxic lakes
and several other unusual marine environments

*Has few cyclic or aromatic structures

Formed mainly from proteins and lipids



Type |l
*Hydrogen:Carbon ratio < 1.25

*Oxygen:Carbon ratio 0.03 to 0.18
*Tend to produce a mix of gas and oll.

*Several types: exinite, cutinite, resinite, and liptinite
- Exinite: formed from the casings of pollen and spores
- Cutinite: formed from terrestrial plant cuticle
- Resinite: formed from terrestrial plant resins and animal decomposition resins
Liptinite: formed from terrestrial plant lipids (hydrophobic molecules that are
soluble In organic solvents) and marine algae

They all have great tendencies to produce petroleum and are all formed
from lipids deposited under reducing conditions.

Type II-Sulfur
Similar to Type Il but high in sulfur



Type I
*Hydrogen:Carbon ratio < 1

*Oxygen:Carbon ratio 0.03 to 0.3

*Material is thick, resembling wood or coal.

*Tends to produce coal and gas
*Has very low hydrogen because of the extensive ring and aromatic systems

Kerogen Type lll is formed from terrestrial plant matter that is lacking in lipids or
waxy matter. It forms from cellulose, the carbohydrate polymer that forms the rigid
structure of terrestrial plants, lignin, a non-carbohydrate polymer formed from
phenyl-propane units that binds the strings of cellulose together, and terpenes

and phenolic compounds in the plant.




Type IV (residue)
*Hydrogen:Carbon < 0.5

Type IV kerogen contains mostly decomposed organic matter in the form of
polycyclic aromatic hydrocarbons. They have no potential to produce hydrocarbons

From any source

Oxidized, recycled or altered during an earlier thermal event
Inert carbonaceous material

H:C<0.4

No evolutionary path left: no hydrocarbons generated



Kerogen type

Petrographic content and
comment

Chemical content and
comment

Ip _
(paraffinic) - ',

o "

Ipn

(paraffinic/naphthenic)

In
(naphthen.ic)

Il pn

=y G

. (parafiinic/naphthenic)

Il p
(paraffinic)

11/111 pp
(paraffinic/phenolic)

111 pp
(paraifinic/phenolic)

111 ap
f-romatic/phenolic)

v
(aromatic)

Fer -

Torbanite (Boiryococcus)
kerogens, rich in alginite

Tasmanite (alginite)-rich
kerogens; mixed Type I
- kerogens

Resinite-derived materials

Most common Type 11 being
amorphinite-rich kerogéns
from truly marine source
rocks

Substantial exinite in kerogen

Exinite-rich but witii land-
plant structural polymcis
from lignin or derived from
sporopollenin/suberin

Vitrinite-rich kerogens
depcsited in marine or
deltaic environments

Vitrinite-rich kerogens {rom
coal-swamp environment

Inertinite-rich kerogens

High hydrogen indices;
highly paraffinic
pyrolysates

Hydrogen-r.ch with
hydrogen distributed
betweern paraffinic and
naphthenic structures;
abundant naphthenic
species in pyrolysates

High hydrogen indices;
low paraffin contents;
abundant naphthenic/
naphtheno-aromatic
species do:ninate
pyrolysates

Reduced hydrogen indices
with relatively high
paraffin content

Aromatic pyrolysates with
occasional remnant
phenolic species
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type

Kerogen can be classified by source material

name

algal kerogen

liptinitic kerogen

humic

source

mainly algae

mainly plankton, some
contribution from algae

mainly higher plants



Kerogen Predominant Amount Typical
Type Hydrocarbon of Hydrogen Depositional
Potential Environment
| Qil prone Abundant Lacustrine
|l Qil and gas prone Moderate Marine
11 Gas prone Small Terrestrial
I\ Neither (primarily None Terrestrial(?)

composed of vitrinite)
or inert material




Coalsand Coaly Shales
San Juan Basin (New M exico)




THE SOURCE ROCK

—

-

AT S AR L-r*‘*"iﬁa- ;._“*“‘ﬁ' i

This shale typlcally contalns >1% of organic carbon, by weight. The shale is
very widespread, underlying much of Britain and most of the North Sea, and
IS by far the most important source rock for the oil that has been found Iin
the North Sea Basin.



Preseni-Day Peirolaurmn System

A

|‘— GEOGRAPHIC EXTENT OF PETROLEUM SYSTEM —’|

Present-Da ’

Trap Y Trap Trap A
?'»

\/
é — t o+
STRATIGRAPHIC

:E EXTENT OF + ,

% PETROLEUM SYSTEM

+ +

- Petroleum accumulation [:] Reservoir
Top of oil window ﬁ

® ®® Bottom of oil window

@) underburden

Mziejaar airied ey, 1994



TEMPERATURE IN THE

AT N T B T T BT T T T T B

iy, ol R, P, B B g A G B, mEE

Increases towards the earth’s core: geothermal

gradient

Different lithologies will conduct heat differently: thermal

conductivity

Additional heat added by decay of radioactive species
Heat Flow = Geothermal gradient x thermal conductivity

Mineral Thermal

conductivity
Halite 5.5
Limestone 3—-35
Sandstone 25-4
Coal 0.3




Algae = Hydrogen rich = Qil-prone
Wood = Hydrogen poor = Gas-prone



Kerogen Types

Amorphous Mixed Structured
Qil Prone  Oil & Gas Gas ane
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WHAT HAPPENS TO KEROGEN AS IT 1S
BURIED AND-HEATED?

Large molecules crack to smaller low mol. Wt.
Geomonomers: Depth:1000-6000m; Tem.50-175°C

Initial products are H,0 and CO,

Increased temp and burial:
Volatile products lost (hydrogen, CH,) and liquids (C;3— C5)

O, lost rapidly by dehydration and decarboxylation (loss of
CO, from fatty acids)

the petrolem products have a HIGH H:C ratio when first
generated.



Thus with increasing temperature:
C-content of kerogen rises
H:C ratio decreases

Two fractions are produced by thermal
transformation of kerogen:
Fluid high in H (petroleum and natural gas precursor)
Residue high in C (e.g. bituminous coal, bitumen)



The Hydrogen Balancing Act

CH,

aﬁiﬂ

Wood — peat —» lignite » bituminous coal —santhracite

1464 1308 1.044 0.768

CH,

@4.0

organisms __ fats, CHO’s N pyrobitumen
(average) proteins (kerogen)
(average)
1.920 1.680 1.524

0.324 - 0.000

carbon

0.000

bZ




AS VOLATILES ARE PROGRESSIVELY LOST:

B 5 L i o e e G e e e T e e s

C ratio Increases
H:C decreases
O:C ratio decreases also

Plotting the two ratios (initially for coals)
through the maturation process generates the
Van Krevelen Diagram



2.0

1.5

H/C
Ratio

1.0+

0.5+

[ ]C0,, CHy, H0

Cg: catagenesis

1T\ Mg: metagenesis

MAIN ZONE
OF OIL .
Ca| rormanion i

Immature zone

OIC ratio
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atomic H/'C

van krevelen diagram

type | kerogen

type Il

maore mature

atomic O/ C
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Kerogen Structures according to Behar et al.

Type lli

Type ll

Type |

67



Generalized kerogen structures

Oil-generating kerogen

Gas-generating kerogen

:

Aunyew rewJsay) buisealou|

047
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Structural representation of Type Il kerogen (analytical data from Paris Basin Toarcian series) at increasing
maturity stages,corresponding to given atomic H/C and O/C ratios. Structure lla: beginning of diagenesis;
structure llb: beginning of catagenesis; structure lic: end of catagenesis
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, )
/, Source Rock Processes °
| I
: Biodegradation
. B
I
Secondary :
Cracking I
+ |
Sources of Gas Thermogenic :
» Kerogen cracking Gas |
= Bitumen cracking [
I« Oil cracking v |
I

!« Biogenic
\\ Pyrobitumen /’

Biogenic
Gas

Figure 8. Processes in a
source rack leading to
oil, gas, and carbon-rich
residue (pyrobitumen).
High-maturity shale-gas
systems derive high

gas contents from the in-
digenous generation of
gas from kerogen, bitu-
men, and oil cracking.
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General scheme of hydrocarbon generation from source rock
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Aliphatic hydrocarbons
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Diagenesis

Catagenesis

Meta

genesis

Carbohydrates, Lipids,
Proteins, Lignins

Microbial Alteration and Hydrolvsis
< 50°C

Sugars, Amino Acids,
Fatty Acids, Phenols

Condensation, Cvclization and
Polvimerization
= 50°¢C

Nitrogenous and Humic
Complexes, Kerogen

Thermocatalytic Cracking,
Decarboxylation
50-200°C

Petroleum Hydrocarbons,
Low MMolecular Weight
Organic Compounds

Thermal Crackin
= 200°C

Hydrocarbon Gases,
Pyrobitumen, Graphite

Biopolymers

Bionomers

Geopolymers

Geonomers

Residual
Carbon

Figure 7-2 Conversion of Organic Material into Hydrocarbons



Diagenesis
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GRATION; FORMATION OF THE OILFIEL



Presented by JB - AG
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Entrapment of oil and gas

Cap (seal) rock

iImpermeable overlying layer
which prevents further

: : Structural tra
migration of hydrocarbons. g

Reservoir rock

where hydrocarbons migrate,
accumulate and
are trapped,

primary migration

hydrocarbon generation

l

source rock where hydrocarbons are generated,



Peirolaurn Sysiarn

1) Early Generation_ | _ Spill Point
Spill Point
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_ Seal Rock
Reservoir Rock  (\udstone)

Migration from (Sandstone)
‘Kitchen’

Gas beginning to

2) Late Generation displace oil

Displaced oil
accumulates

Gas displaces all
oil
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HYDROCARBON MIGRATION

Impermeable cap rock
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Hydrocarbon migration takes place in two stages:

— Primary migration - from the source rock to a porous rock. This is a
complex process and not fully understood. It is probably limited to a
few hundred metres.

— Secondary migration - along the porous rock to the trap. This occurs
by buoyancy, capillary pressure and hydrodynamics through a
continuous water-filled pore system. It can take place over large
distances.






Oll (& gas) migrates from the source, through
carrier beds and accumulates in the reservoir

Source bed ® 1St carrier = primary migration
Carrier ® reservoir = secondary migration



P N

Hypotheses
1. Migration of hc’s in clay compaction water
2. Migration by molecular solution in water
Migration in micellar solution
Migration in gas charged solution
Migration via microfracturing of source rocks
Diffusion along kerogen network



Mechanism

Diffusion: means dispersion # accumulation. So, it will be overwhelmed by

other expulsion mechanism.

Oil- phase expulsion: as a result of:
Microfracturing induced by overpressuring during hydrocarbon generation.
Early expulsion of lipids from very organic rich source rock (early catagenesis).
Continuous network of bitumen in very rich source rocks during the main phase
of oil generation (mid-catagenesis).

Expulsion of oil dissolved in gas (gas-phase expulsion):

E Subsurface gases dissolve large amounts of liquid hydrocarbons under
temperature-pressure conditions corresponding to 6,000-10,000 ft (about
15,000 psi and 150 °C).

E Only exist where the amount of gas exceed the amount of oil (late stage of
catagenesis).

AT



Distance
The distances are generally short (10cm-100m).

Primary migration is difficult and slow because petroleum being
forced through a low permeable rock.

Primary migration ends whenever a permeable conduit for
secondary migration is reached.

Direction

Hydrocarbons could be expelled in any direction that offers a
lower pressure than that in the source rock.

Expulsion can be lateral, upward or downward depending on
the carrier bed characteristics.

AY



SECONDARY MIGRATION

P T e e o o i o e e

Oil must be capable of continuous phase flow
Caplillarity

NB the olls capillary pressure must exceed the reservoirs
displacement pressure (reservoirs normally fluid filled)



Mechanism

Once the hydrocarbons are expelled form the
source rock, subsequent movement of
hydrocarbons will be driven by buoyancy
through the permeable conduit.

Opposing the buoyancy is capillary-entry
pressure which is resistance to entry of the
hydrocarbon globule into pore throats.

If pore throat < globule

The globule must deform to squeeze into the
pore.

If the buoyancy is large enough

The globule will squeeze into the pore throat
and continue moving upward.

If the pore throat is very tiny or the buoyancy
Is small

The globule cannot enter and becomes stuck
until either the buoyancy force or the
capillary-entry pressure changes.




SECONDARY MIGRATION

.................................................

When hydrocarbons cease moving, we say that accumulation has occurred.

This model is very simple requiring only two forces:
Buoyancy promotes migration.
Capillary-entry pressure retards or stops it.

A third force (hydrodynamic flow) can modify hydrocarbon movement but it is
not essential and does not change the basic model. If water flowing is in the

same direction as hydrocarbons are moving, the rate of movement should be
enhanced.

Distance and direction:

Secondary migration occurs preferentially in the direction that offers the
greatest buoyancy.

It occurs both vertically and laterally.

Unconformities and faults may juxtapose migration.
Secondary migration is almost short.

It is rarely long because It occurs in stable tectonic setting.
Almost, lateral migration does not exceed few tens of kms.

Vertical migration can also be considerable whenever there is continuity in the
strata. Vertical migration across stratigraphic boundaries is more difficult. 1.
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Availability of continuous pore spaces allows
continuous flow

Physical requirements for secondary
migration are:

1. Adequate supply of hydrocarbons

2. Adequate continuous migration pathways

3. Adequate pressure gradient to drive
migration




MIGRATION

Migration by water drive
Migration by gas flushing
Fracture-bound migration



BUOYANC

Difference in densities between H,0 and oil =
main mechanism of secondary migration

All crude olls float on saline water, nearly all on
freshwater

Thus, oil tends to migrate upwards through the
heavier water

Subject to a buoyant force (P,)
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Oil displaces equal volume of water

P, = difference between weight of displaced
water and emplaced oll: vector force directed
vertically upwards

P, = difference in pressure between water
phase and oil phase
I:)b 7 I:)w ] I:)o



GAS FLUSHING

o 2 fluids of

different densities | ﬁ
try to occupy the —_—
same trap

o Heaviest fluid is
displaced as
lighter one moves
above it
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Convex trap reservoirs
Permeability trap reservoirs
Pinchout trap reservoirs
—ault trap reservoirs
Plercement trap reservoirs




CONVEX TRAP RESERVOIRS

ol aiRm. B st s s - i e g g s el B T B e

Formed by folding or differential thicknesses of
strata and due to convexity alone:

Porosity extends in all directions beyond the
reservoir

Reservoir Is surrounded by water (edge water)



PERMEABILITY TRAP RESERVOIRS

—orm due to changes in reservoir power

Reservoir partly defined by edge water and
partly by a permeability barrier




PINCHOUT TRAP RESERVOIRS

~ormed by lenticular structures (e.g. reefs)

Periphery defined by edge water and the
ninchout of the reservoir bed




Periphery Is defined partly by edge water and
partly by a fault boundary
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~ormed by diapirs or volcanic necks

Reservoir defined by edge water and a
nlercement contact




BY FAR THE COMMONEST METHOD OF

Structural Traps: formed by faulting of folding
as the result of structural activity

Non-structural traps: stratigraphic pinchouts,
permeabllity traps...



FUNDAMENTAL TYPES OF TRAPPING MECHAMIS

Wrench fault Arches, domes
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Detached normal fault Salt




A Anticline




Structural Traps

Anticline Salt Dome Fault

Reef Unco nfnrm; Pinch-Qut

stratigraphic Traps







13. Hydrocarbon Traps 223

Hydrocarbon accumulation

13.3. Major categories of structural traps: (A) fold, (B) fault, (C) piercement, (D) combination fold—fault, (E) and (F)
Mw;mm[a hmﬁmnlyaxcll.ﬂndfmm the structural category.



230 Biddle and Wielchotsky

A Beneath unconformity

Subunconformity truncation
associated with incised
valleys or canyons

Buried erosional relief
{buried hills)

B Above unconformily

Onlap onto regional
unconformity

Resarvoir deposition
within incised valleys
of canyons

-

Onlap of buried topography

Hydrocsrbon sccumulethon

Figure 12.8. Stratigraphic traps associated with unconformities. (A) Traps beneath an unconformity. (B) Traps above an
unconformity.




Petroleum trapped in footwall and
sealed by mudstone in hanging wall

(A)

Petroleum trapped in hangang
wall anticline

Petroleum trapped beneath thrust in
footwall

(B)

Petroleum trapped by compactional drape

Petroleum trapped
against mud wall

b

5 5 T
4+ + +
4+ 4+ +
+ 4+ 4+
+ 4+ +
3+ +f Petroleum trapped
T T 1 against salt diapir )
i Mud wall/diapir has
(C) (D) exploited core of anticline
Petroleum trapped in compactional Multiple trap configurations in
drape anticline across basement footwalls of rotated fault
(E) (F)







Hydrocarbon Trap Types

Pinchout |
- --'

Armeaacan Fetrokeoam imsttote, 1885




Salt Dome Trap



Fault Trap
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A

Figure 4-1 Types Of Traps That Develop Through Salt Movement
(A-Domal Trap, B&C-Fault Traps, D-Pinchout Trap, E-Anticlinal Trap,
and F-Truncation Trap)



Tilted o1l -water
contact

Figure 4-2 Example Of A Hydrodynamic Trap



Table 4-6: Classification of stratigraphic traps

Unassociated with
unconformities

Depositional

Pinchouts

Channels

Bars

Reefs

Diagenetic

Porosity and/or
permeability transition

Associated with
unconformaities

Supraunconformty

On Lap

Strike Valley

Channel

subunconfornuty

Truncation
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Figure 4-7 Stratigraphic Traps Resulting From Changes In Their Depositional
Environment
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Figure 49 Seeps are located either updip (A) or along fractures (B)



Aniiclinal Theory

Peairolaurn Accurnulatas in Structural Closure
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i St ——— e e

———(Gas-oil contact

Closure Qil zone
—=Oil-water

contact

Water zone

" Spill point

'-.*.

.l:.'!-.-

Edgc water — b= Bottom warter = — Edge warer

Figure 4-3 Cross-section Of A Simple Anticlinal Trap



DOMAL TRAP

 Are hydrocarbons in this field oil or gas?
e What is the volume of hydrocarbons

In this trap?
e What are the reserves?

— =|IO0— Sybseacotours on fop o esorer n foot
A A
Waat Eaat
1000 m 1000

— Epll point— 3

Closure. In map view (top),
closure is the area within the
deepest structural contour that
forms a trapping geometry, in
this case 1300 ft [390 m]. In
cross section A-A’, closure is the
vertical distance from the top of
the structure to the lowest
closing contour, in this case
about 350 ft [105 m]. The point
beyond which hydrocarbons
could leak from or migrate
beyond the trap is the spill

point.

From Schlumberger Oilfield Glossary




Structural closure

= No closure

Structural relial,
same in each prolile

Structural relief Structural closure

(From Levorsen, 1967; reprinted by permission of W.H. Freeman and Co.)



/ A. Absolute pore throat size

‘ /:{_ B. Size of the opening through which
; hydrocarbons flow (size varies as

Sw varies)

Pore throat size is generally measured
in terms of radius




A good reservoir rock is Porous and Permeable
so that its fluids can be Produced

Often sandstone, conglomerate, and carbonate
rocks (limestone)



POROSITY

Definition: Porosity is the fraction of a rock that is
occupied by voids (pores).The porosity iIs a measure of

the storage capacity (pore volume) that is capable of
holding fluids

, Pore volume  Bulk volume - Mineral volume .
Porosity = =

Bulk volume Bulk volume

POROSITY CLASSIFICATION “‘
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%] Absolute (total) porosity

%] Effective porosity



Absolute porosity is the ratio between the total pore

volume (interconnected pores and isolated ones) and the
bulk volume.

Effective porosity isthe ratio between the interconnected
pore volume and the bulk volume:



PORE-SPACE CLASSIFICATION

it R [ otal Pore Space
OI'OSI y’ (])t — Bulk Volume

- ; Interconnected Pore Space
Effective porosity, ¢, = — R

Very clean sandstones : ¢, = ¢,

Poorly to moderately well -cemented intergranular
EICHET b; = O,

Highly cemented materials and most carbonates:

q)e{d}t




(ISOLATED VOID SPACE)

This sandstone would not be
an acceptable reservoir rock,
regardless of the value of its
porosity and the hydrocarbon
saturations, because each void
space is isolated from the .
other void s paces. r»-ncsmpic View Of Sandstone

Void Space

ementing Material

This sandstone has a high
absolute porosity but a zero
effective porosity



Good Reservoir Rock
(Interconnected Void Space)

Hydrocarbons

This sandstone would be

an acceptable reservoir Void
rock because of the Space
interconnected pore
spaces and hydrocarbon
saturation. This
sandstone has a high
absolute porosity and a Sand
high effective porosity g

Water



Porosity Values

Negligible
Poor

Fair

Good
Very Good

Excellent

0-5%

5-10%
10 - 15 %
15 - 20 %
20 - 25 %
> 25 %

Porosity

47.6 %



Porosity : The percentage of pore volume or void space in a rock,
typically measured in percent.

Insignificant

Excellent

Porosity values for a “conventional ” o1l reservoir.
(Modified from Levorsen, 1967)




Porosity Classification

& Another classification of the porosity based on its origin:

1. Original (primary) porosity:
Developed during the deposition of the rock material (e.g.,

intergranular porosity of sandstone and intercrystalline
porosity of limestone).

Rocks with the original porosity are more uniform in their
characteristics

2. Induced (secondary) porosity

Developed by some geologic processes subsequent to
deposition of the rock (e.g., fracture development as in shale
and limestone and slug or solution cavities in limestone)



Factors Affecting Rock Porosity

= Particle sphericity and angularity
= Packing
= Sorting (variable grain sizes)

= Cementing materials
= Overburden stress (compaction)
= Vugs, dissolution, and fractures



Factors Affecting Rock Porosity

= Particle sphericity and angularity

Porosity increases as angularity of particles increases.
High
il e|lle
: 5 )|V Q) |0
E
O O[O O] O] 10
o
n
l Low
Very Sub- Sub- Well-
Angular Angular Angular Rounded Rounded o, inded
ROUNDNESS =

+— Porosity



CUBIC PACKING OF SPHERES RHOMBIC PACKING OF SPHERES
Porosity = 0.48 Porosity = 0.27

Packing of Two Sizes of Spheres
Porosity = 0.14

Porosity increases as the range of particle size decreases.



POROSITY AND GRAIN SIZE
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CARBONATE POROSITY TYPES

Q) nf the rck fabrlc

Channel porosity:

« Similar to fracture porosity
but larger.

uggy porosity:
« Created by the dissolution
of fragments, but
unconnected.




CARBONATE POROSITY TYPES

« Carbonate porosity is very heterogeneous. It is classified into a
number of types:

Interparticle porosity: Each grain is
separated, giving a similar pore space
arrangement as sandstone.

Intergranular porosity: Pore space is

created inside the individual grains
which are interconnected.

Intercrystalline porosity: Produced by

spaces between carbonate crystals.

Mouldic porosity: Pores created by the
dissolution of shells, etc.




FRACTURES

 Fractures are caused when a rigid rock is strained beyond its
elastic limit - it cracks.

‘The forces causing it to break are in a constant direction,
hence all the fractures are also aligned.

« Fractures are an important source of permeability in low
porosity carbonate reservoirs.

"
FractLures
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Vugs are defined as non-connected pore space.
They do not contribute to the producible fluid total.

Vugs are caused by the dissolution of soluble
material such as shell fragments after the rock has
been formed.

They usually have irregular shapes.




PERMEABILITY

The rate of flow of a liquid through a
“formation depends on:

— The pressure drop.

— The viscosity of the fluid.

— The permeability.

The permeability is a measure of the ease at
which a fluid can flow through a formation.

The unit of measurement is the Darcy.

Reservoir permeability is usually quoted In
millidarcies, (md).




DARCY LAW

K = permeability, in Darcies.

L = length of the section of rock, in centimetres.
Q = flow rate in centimetres / sec.

P1, P2 = pressures in bars.

A = surface area, in cm2.

H = viscocity in centipoise.




PERMEABILITY AND ROCKS

In formations with large grains, the permeability is
high and the flow rate larger.




PERMEABILITY AND ROCKS

* In a rock with small grains the permeability is less
-and the flow lower.

* Grain size has no bearing on porosity, but has a

large effect on permeability.




PERMEABILITY — POROSITY
CROSSPLOT

Limestone A1 Sandstone A1
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PERMEABILITY

Permeability is a property of the porous medium and is a
measure of the capacity of the medium to transmit fluids

Absolute Perm: When the medium is completely
saturated with one fluid, then the permeability
measurement is often referred to as specific or absolute
permeability

Effective Perm: When the rock pore spaces contain
more than one fluid, then the permeability to a particular
fluid is called the effective permeability. Effective
permeability is a measure of the fluid conductance
capacity of a porous medium to a particular fluid when
the medium is saturated with more than one fluid

Relative Perm: Defined as the ratio of the effective
permeability to a fluid at a given saturation to the
effective permeability to that fluid at 100% saturation.
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CALCULATING RELATIVE
PERMEABILITIES
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Relative Permeability Curve

100 % water
Hw= 1

.-"':".t Sw';n*
Ko IS max
but K, =1 Residual
' il
s == 1

oy
|
Ly
| |
[}
[}
| ]
[
B
w
-,
L

FEelative
Fenmrns
Ko

oy

rreducible water saturation, Sy

Hesidual oil saturation




Effective Permeability to Flowing Fluid
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Permeability : The ability, or measurement of a rock’s ability, to
transmit fluids, typically measured in darcies or millidarcies.

1-10 md Poor
10-100 md Fair
100-1000 md Excellent
1 Darcy = 1000 Millidarcies (md)

Permeability values for a “conventional” o1l reservoir.
(Modified from Levorsen, 1967)




Porosity and Permeability @

30% Porosity — No Permeability

Flow Microscopic Thin-Section of a

Direction Sandstone
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IRREDUCIBLE WATER SATURATION

* In a formation the minimum saturation induced by
displacement is where the wetting phase becomes
discontinuous.

In normal water-wet rocks, this is the irreducible water
saturation, Swirr.

Large grained rocks have a low irreducible water

saturation compared to small-grained formations
because the

capillary
pressure is
smaller.




RESERVOIR PRESSURE

 Lithostatic pressure is caused by the
pressure of rock, transmitted by grain-to-
grain contact.

* Fluid pressure Is caused by weight of
column of fluids In the pore spaces.
Average = 0.465 psi/it (saline water).

* Overburden pressure is the sum of the
lithostatic and fluid pressures.




FLUID SATURATIONS

Basic concepts of hydrocarbon accumuiation

— Initially, pore space filled 100% with water

— Hydrocarbons migrate up dip into traps

— Hydrocarbons distributed by capillary forces and gravity
— Connate water saturation remains in hydrocarbon zone

Fluid saturation is defined as the fraction of pore volume
occupied by a given fluid

Definitions
S,, = water saturation
oil saturation
gas saturation
hydrocarbon saturation = S, + S,

w W
o

N
=

Saturations are expressed as percentages or fractions, e.g.

— Water saturation of 75% in a reservoir with porosity of 20%
contains water equivalent to 15% of its volume.
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Production from Sedimentary Reservoirs

60%1

50%1
40%1

30%-/

20%1

[ Sandstone
B Carbonate
B Other

10%1
0% -

Chart 2



1.
2.
3.

DRIVE MECHANISMS

A virgin reservoir has a pressure controlled by the local
gradient.

Hydrocarbons will flow if the reservoir pressure is sufficient to
drive the fluids to the surface (otherwise they have to be
pumped).

As the fluid is produced reservoir pressure drops.
The rate of pressure drop is controlled by the Reservoir Drive

Mechanism.

Drive Mechanism depends on the rate at which fluid expands
to fill the space vacated by the produced fluid.

Main Reservoir Drive Mechanism types are:

Water drive.
Gas cap drive.
Gas solution drive
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Water Drive

Oil producing well
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Cross Section

« Water moves up to fill the "space™
vacated by the oil as it is produced.




Bottom Water Drive

Oil producing well

ZDI e
w =
"-\.-'\ B e e e 2
P
T R W W e e Wl W Wy =
M'\ PP B B e e e "-\.'-\.-"-\." o
e e il o
" Ufwwfuvwmm A
R A

Cross Section

Water moves up to fill the "space”
vacated by the oll as it is produced.




WATER DRIVE 2

. Reservolr pressure
== E%

Reseryoir
pressure

5
nroduction

- = Gas production| =« =

- - - -

——

Oil
procuiction
Water
production

Oil production

Timme F—

This type of drive usually keeps the reservoir pressure fairly
constant.

After the initial “dry” oil production, water may be produced. The
amount of produced water increases as the volume of oll in the

reservoir decreases.
Dissolved gas in the oil is released to form produced gas.




GAS CAP DRIVE

Olland gas
produced

gas cap

Gas from the gas cap expands to fill the space
vacated by the produced oil.




GAS CAP DRIVE 2

» As oil production declines, gas production increases.

 Rapid pressure drop at the start of production.
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SOLUTION GAS DRIVE

Initial condition
il produced

Depleted conditicon
il 2nd gas produced

After some time the oil in the reservoir is below
the bubble point.




SOLUTION GAS DRIVE 2

An initial high oil production is followed by a rapid decline.

The Gas/Oil ratio has a peak corresponding to the higher
permeability to gas.

The reservoir pressure exhibits a fast decline.

production

Feserwir pressure

Qil production




GRAVITY DRAINAGE
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DRIVES GENERAL

A water drive can recover up to 60% of the oil in place.

A gas cap drive can recover only 40% with a greater
reduction in pressure.

A solution gas drive has a low recovery.

e Lt oy
5 o o R Sas ap

Crri wez
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Average Recovery Factors

Average Oil Recovery

Drive Mechanism Factors,

% of OOIP
Range Average
Solution-gas drive 5-30 15
Gas-cap drive 15 - 50 30
Water drive 30 - 60 40
Gravity-drainage 16 - 85 50
drive

Average Gas Recovery

Drive Mechanism Factors,
% of OGIP
Range Average
Volumetric reservoir 70 -90 80
(Gas expansion drive)
Water drive 35 - 65 50




DRIVE PROBLEMS

Water Drive:

- Water can cone upwards and be
produced through the lower
perforations.

Gas Cap Drive: cones

= Gas can cone downwards and be dowravards
produced through the upper
perforations.

Pressure is rapidly lost as the gas
expands.

Gas Solution Drive:

- Gas production can occur in the
reservoir, skin damage.

= Very short-lived.




Relative Permeability

Reservoir Height

Rock Fabric Well A
Rock Fabric Well B

Oil Production

Qil and Water Production

Water Production

Well A ¥ 4 Well B
M \
0 L
0 100
1.0
0.8 —
0.6 —
0.4 —
0.2 —
0.0 |
0.0 0.2 0.4 0.6 0.8 1.0

Water Saturation (frac)




PETROLEUM SYSTEMS

The petroleum system is a unifying concept that encompasses all of the
disparate elements and processes of petroleum geology. Practical application
of petroleum systems can be used in exploration, resource evaluation, and
research. A petroleum system encompasses a pod of active source rock and all
genetically related oil and gas accumulations. It includes all the geologic
elements and processes that are essential if an oil and gas accumulation Is to
exist.

A petroleum system encompasses a pod of active or once-active source
rock, all related oil and gas, and all geologic elements and processes that
are essential for petroleum accumulations to exist. The principal objective of
the petroleum system approach is to show the geographic boundaries of oil
and gas occurrence. This facilitates the identification of new plays and
allows us to more readily identify the additional data, training, and skills
needed to properly allocate resources. For example, geochemical
confirmation of a petroleum system by oil-to-oil correlation allows us to
focus on defining migration pathways with the expectation that we can find
traps that have not yet been identified



= ELEMENTS:

e Source rock
e Reservolr
e Seal

e Jrap

-';.‘"‘i— What is a Petroleum System ?

Product

Source RocCke . Reservoir

Seal \

Maturation
and Migration

= Maturation and Migration

< Timing
e Product



Geochemistry isthe key to petroleum systems becauseit is
required to:

Establish the genetic link between petroleum and the pod
of active source rock (oil—source rock correlation),

Map the geographic extent of the petroleum systems and
of the pod of source rock (e.g. for volumetric calculations
of yield),

Assess the timing of generation-migration-accumulation
relative to trap formation.



Cross Section Of A Petroleum System

|‘ (Foreland Basin Examile)
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7 (arrows indicate relative fault motion)
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NAMING A PETROLEUM SYSTE

The name of a petroleum system contains several parts that name the hydrocarbon fluid
system:

1. The source rock in the pod of active source rock

2. The name of the reservoir rock that contains the largest volume of in-place petroleum
3. The symbol expressing the level of certainty

Reservoir Rock Name

Source Rock Name Level of Certainty




NAMING A PETROLEUM SYSTEM

A petroleum system can be identified at three levels of certainty:
known, hypothetical, and speculative. The level of certainty
Indicates the confidence for which a particular pod of mature
source rock has generated the hydrocarbons in an accumulation.
At the end of the system’s name, the level of certainty is indicated
by (!) for known, (.) for hypothetical, and (?) for speculative.

The table below indicates how the level of certainty is determined.

Level of Certainty Criteria Symbol
Known A positive oil-source rock or gas—source rock correlation (1)
Hypothetical In the absence of a positive petroleum—source rock ()

correlation, geochemical evidence

Speculative Geological or geophysical evidence (7)




|- GEOGRAPHIC EXTENT OF PETROLEUM SYSTEM —_— |
— = = " D B Petrol
eer-Boar(.) Petroleum
DOwverburden
=
Seal "=
= =
Reservoir E %
Source T 3
Underburden b
[ala} 300 Do 100 = o &
41 L i 2- L L L § Rock é % g .
Wl Location for burial history chart Paleczoic Mesozaic Cen. = Unit = '§ 5 ‘E 2
£ ]
o [m[erlrlw]l o | « PInl S ) o &
" —
2
- - - - - - - -
Geocgraphic Extent-of Petrele 5 250 Ma Start _'.'_'_‘ i
— _— J End e
-y Thick L 1
-:-1 Fm
™ =
Teapot - o
5
LR A A e B M S e A e -5
E- i =. Placer Fm
Top oil window I a George Sh | —-
Top gas window ——— ) Boar Ss
Lk Deersh_ [ 2 — [
Elk Fm
Critical Moment
Zero Edge of
Reservoir Rock
0a 300 200 100 Geologic Time
1 1 1 1 1 1 1 Scale
Paleoczoic Mesozoic I_Cenazoic
Table of accumulations for Deer-Boar(.) petroleum system. Petroleum
] L% P I ™ System Events
. R i AR Cumulative oil Remain
Field _ Dale echal Gravity production reserves Rock Units
Mame discovered L (=APID) (x10° bbl) (=10° bbl)
Source Rock
Big oil 1954 Boar Ss 32 310 a0 Reservole Rock
Rawven 19586 Boar Ss 31 120 12 Seal Rock
Owens 1959 Boar Ss 33 1410 19
Just 1966 Boar Ss 34 160 26 Owerburdan Rock
Trap Formation
Hardy 1989 Boar Ss 29 a5 a9
Lucky 1990 Boar Ss 15 5 70 GenfMigration/Accum
Marginal 1990 Boar Ss 18 12 65
Teapot 1992 Boar Ss 21 g 34 Presenalion
‘w Critical Mom ent

Folio sheet for the hypothetical Deer-Boar petroleum system contains five charts that define a
systematic method to assess the regional, stratigraphic, and temporal distributions of petroleum



PETROPHYSICS & ROCK EVALUATION
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OPENHOLE LOG EVALUATION
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Wireline Logging Logging while Drilling




LOG ANALYSIS
FOR RESERVOIR CORRELATION & MAPPING

_*_-
LITHOLOGY / FACIES IDENTIFICATIONS &
MARKERS DETERMINATION = continuity, consistency,

missing sections & repetition sections (faults or overturn)

DEPOSITIONAL ENVIRONMENT

VERTICAL ZONATIONS

— TOP & BOTTOM
— FLOW UNIT

FLUID CONTACTS - owc, GOC & GWC
RESERVOIR PARAMETERS = Por, Perm, Sw etc
NET PAY THICKNESS DETERMINATIONS




WHAT IS WELL LOGGING:

1. WELL LOG IS A CONTINUOUS RECORD OF MEASUREMENT MADE IN
BORE HOLE RESPOND TO VARIATION IN SOME PHYSICAL
PROPERTIES OF ROCKS THROUGH WHICH THE BORE HOLE IS
DRILLED.

: ;&DRIEIONALLY LOGS ARE DISPLAY ON GIRDED PAPERS SHOWN IN

. NOW A DAYS THE LOG MAY BE TAKEN AS FILMS, IMAGES, AND IN
DIGITAL FORMAT.

WIRELINE LOGGING IS PERFORMED WITH A SONDE LOWERED INTO THE
BOREHOLE OR WELL

2 TYPES OF WIRELINE LOGGING :
1. OPEN HOLE LOGGING
2. CASED HOLE LOGGING

INTERPRETATION METHODS
1. QUALITATIVE
2. QUANTITATIVE

1. MANUAL

2. COMPUTERIZED
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L e LOG INTERPRETATION
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/ / IS A PROCESS OF USING WELL LOGS TO
// /) {LITHOLOGY EVALUATE THE CHARACTERISTIC OF
el 7 FORMATION : -
TOP SAND £l d
S e e
e L -)forasﬁy,
Gl e fluid saturations and net pay
.| | SAND THICKNESS (jns thickness . -
] ——ndll v - density, fluid
SAND PROSITY type, fluid contacts, API gravity,
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— — B = femperature, R
— L - — - >
il e sfm_fcfuraf/djo/fragfure, geologic
s environtment, facies characteristic,
= = |= == = top/bottom reservoir,
7 heterogeneities, distribution
(I : permeability, water
/ JT Limestone cut, GOR and rate (estimated)
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GR RESPONSE TO LITHOLOGY

Typical Gamma Ray Responses
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Shaly Sand

Shale

Clean Sand

Sandy Shale

Limestone
Volcanic Ash

Dolomite

Coal
Anhydrite / Salt
Gypsum



( NEUTRON LOG):
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o GammaRay 155 Neutron o
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e
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The CNL Neutron Log tool
contains a radioactive source that
bombards the formation with fast
neutrons. These neutrons are
sowed and then captured,
primarily by hydrogen atoms in
the formation. The Sowed
neutrons deflected back to the tool
are counted by detectors. Since
the tool responds primarily to the
hydrogen content of the
formation, the measurements are
scaled in porosity units.
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Formation Evaluation: Borehole image
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Formation Evaluation: Wireline Logs
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THE FOUR MAJOR HYDROCARBON SERIES IN PETROLEU

H H H
Paraffins I . .
H—C—C—C—H straight and branched chains
CnHon 4 2 I | l -
H
H H
H\ \C/ /H
N
Naphthenes H—C ?—H closed ring structures
CnH2n \C"—C
H=/~  \—H
H H
H
I
H~ ¢C\C/H
Aromatics I il basic hexagonal ring structure
CnHon - 6 H/CQC/C\H
!
H
Resins o
fused aromatic rings;
and NSO impurities
Asphaltenes




NATURAL GAS

Natural gas is composed of molecules from
1 to 4 carbons in length.

Natural Gas Crude Oll

(1) QP ® © (’,D @ Crude oll is a mixture of molecules from 5 to
ORGRO = O~-CO—-O—-O—-CO—-® over 60 carbons in length, forming straignt
: éD @ ® é{) ® chains, chains with branches and circles.



CHEMICAL COMPOSITION OF CRUDE OIL

Element

Crude Oll, % by
weight

Natural Gas, % by
weight

C 82-87 65-80
H 12-15 1-25
S 0.1-5.5 0-0.2
N 0.1-1.5 1-15
O 0.1-4.5




CHEMICAL COMPOSITION OF CRUDE OIL
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Molecular structures of the paraffin molecules

Saturated ethane
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Straight-chained Pentane
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Unsaturated ethylene
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Branch-chained Isopentane
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CHEMICAL COMPOSITION OF CRUDE OIL AND

Molecular structures of the naphthene molecules

Cyclopentane CgH,, Cyclohexane CgHy
H H H H
\N/ /
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CHEMICAL COMPOSITION OF CRUDE OIL

Molecular structures of the aromatic molecules

Benzene CgHg

Toluene C;Hg Ethylbenzene CgH,,
H H
H t
i H=C=C=H
H=C=H "I |
i PN
7
H\C/C\C,H Hs¢ c~H
0 |l
|C C H’C\ /CQ.H
C
H* ‘\\lo/ S H ;
i H
H

Alkylbenzene series of the aromatic group
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Molecular structures of the aromatic molecules

Naphthalene C;oHg Anthracene C;4H1q
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AND NATURAL GAS

Molecular structure of a typical asphaltine

NSO impurities



Examples of Some Organic Compounds in Petroleum

Crude Ol

@ Carbon atom @ Oxygen atom 5
() Hydrogen atom @ Nitrogen atom _.; : 1
() Sulfur atom #” Chemical bond .




CLASSIFICATION OF OIL
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Composition of Natural Gas and
Crude Oll

Avearge molecular composition of Natural gas
crude oil composition
Molecular Type % by Weight Molecule % by Weight
Paraffin 30 Methane (CH,) 88
Naphthene 49 Ethane (C,Hg) 5
Aromatic 15 Propane (C4Hs) 2
Asphaltic 6 Butane (C,H,) 1
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World Natural Gas Reserves by Country, January 1, 2007
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