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Water in subsurface

water in subsurface can be:

Interstitiale(irre

Free water ducible) wat
) ucible) warer
z i
% Free to move in Bonded to minerals grain

and out of pores  can not be removed from a
reservoir during production

£ of oil and gas
v
According to genesis 4 types of water exist:

: Meteoric

2 .04

o .

3 mixed

juvenile Connate
10 12 14
(ACID) (ALKALINE) Meteoric: near the surface.infiltration of

rain waters. Often acid,Low salinity

Connate:waters buried in a close hydraulic system and have not formed
part of hydraulic cycle for a long time. Alkaline, High salinity



Water in subsurface

Fresh water i _
| Seawater Dissolved solids, ppm —

Sabkha 109 200 300

Proximity to :>
evaporites

Paleoaquifers
and overpressured
zones

FIGURE 4.2 Graph of salinity against depth for subsurface waters. (After Dickey, 1966,1969; Russell,
1951.)

Normal seawater contain 35000 ppm of TDS mostly as NaCl. Connate waters contain
up to 300000 ppm of TDS. Suvsurface water with >100000 ppm TDS is considered
brine



<C> Types of Water in the Reservoir
Structural water and OH
(chemically bound)

Hydration water
(chemically bound)

Bound water,
immobile water,
irreducible water

Capillary water

Bound to the grains by
capillary force

%> Water ... and what to do about it !

Structural water
(chemically bound)

Hydration water

(chemically bound) Can’t do much

about them !
Bound water,

immobile water,

irreducible water

(“Haftwasser”)

Displace as
much as
possible !

Capillary water




Temperature in the subsurface

How we measure it

Stabilized BHT

Hours since circulation——e-

Bottom hole (BHTS) are recorded from wells.  Hoprper plot
Mud takes hours to warm up to T of adjacent - circulation time

strata Dt= elapsed time after circulation
has ceased

This method is easy to utilize even in the field, however on the
other hand, it requires relatively long period of temperature
recover data up to 120 hours to estimate correctly.



Temperature in the subsurface

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

Surface
temperature

Temperature ——




..but

Sometimes BHTs data plotted against depth may show that the geothermal
gradient is not constant with depth... WHY?

| |
variation on thermal conductivity of penetrated strata

Thermal conductivity Thermal gradient
Heat flow _ Geo.’rher'mal. 9radien‘r differs bgcause
sediment with different k are interbedded

Role of Thermal Conductivity Temperature —

K (conductivity) W/m°C Sandd K=25

Rock Type K
Salt 55
Dolomite 55
Granite 3.5 _
Limestone 28-35 S
Sandstone 26-40
Shale 15—-30
Coal 03 Sands K=2.5
Water 06 ' )




Heat flow

EXTENSIONAL BASINS
Active ocean ridges and volcanoes l ]
s —‘: i 120
roximate : .
glob;xaverage - Active (syn-rift) back-arc basins
heat flow - ::::,l 85

Active (syn-rift) rift or passive margin
80
.Thermally subsiding (post-rift) rift or passive margin

COMPRESSIONAL BASINS

r ' | I Collisional foldbelt

70
Ocean trench foreland basin (foothills — margin)
40 80
EE] Fore—as:c basin unrelated to arc magmatism

35

STRIKE-SLIP BASINS

Active strike-slip, deep lithosphere
involvement

100
Active strike-slip, shallow thin-skinned (crustal)
extension only

BASEMENT

Prééarrbrian Shield
Oceanic crust (>200 Myr) mWm?q
Fod

20 40 60 80 100 120 140 160 180
1

L 1 1 1 1 1 1 1
T T T T

1 2 3
Heat Flow Units

Figure 4.1: Summary of the typical heat flows associated with sedimentary
basins of various types (from Allen and Allen, 1990).




Temperature in the subsurface

Temperature, °C

0 25 100 Isotherms
Surf 1
s Now we can draw the isotherms
K| G,
40 Closely spaced
) where conductivity
K, G, 60 (" is low and
80 gradient high
Widely spaced
K G where conductivity
) : is high and
gradient low
5 = 10
g K, G, 120
140
| \
K Gs
160
180
K
: 200
\ 220

Thermal conductivity K; > K, > K; > K> K, > K,
Thermal gradients G,>G,>Gg>Gs> G, > G,

FIGURE 4.8 Depth—temperature plot showing the effect of rocks of differing thermal conductivity
(K) on geothermal gradient (G) and the vertical spacing of isotherms.




Temperature in the subsurface

Isotherms domed
over salt diapir

e N N N M L N N e
N\—M

Temperature (°C)
I FIGURE 4.9 Isotherms modelled for a salt dome. Contours at 20°C. Conductivities as follows:

0 2! a0 e /80 B0/ 0 40 W0, WO IO H:O M0 0 ostsalt sediments, K, = 1.74 W-m~' - °C-'. Zechstein (Permian) salt, K, = 4.22 W+™! - °C-!, Pre-Permian
o 3 2
o< Carboniferous clastics, K, = 2.82 W+-m~' - °C-'. Note how source rocks will be abnormally mature above
|
S e ) - a salt dome and abnormally immature beneath one. Conversely, reservoir sands may be abnormally
A 2 cemented above and abnormally porous beneath a diapir. (Developed from Evans, 1977.)
SALT s 3
£ 1 “
EVAPORITES x Y
RS R L
£ .
S
SHALES (=] —_ - Pure shales 7
I= 74
— «— Real lithologies
SANDY SHALES . e
A 9

Figure 4.5. Temperature profile through a section containing an evaporite
(from Burrus and Audebert, 1990).



TEMPERATURE

AVERAGE

HIGHER OR LOWER
CONDUCTIVITY
THERMAL

AVERAGE

extrapolated range
for high thermal
conductivity

Figure 4.8. Schematic temperature versus depth profiles for a 3-layer
system illustrating situations where Layers X and Z always have an
average thermal conductivity, but where the conductivity of Layer Y may
be higher or lower than average. Dashed lines show possible extrapolated
geothermal gradients when drilling stops at different depths in Layer Y.
Ts is the surface temperature.



Temperature in the subsurface

The Oil Window
Range of temperature where maturation occurs:60°-120°C

Temperature, * Com——

2 0
[S 6 l(l)O 100

Temperature, “C——

Surface

I

|

| Threshold
}— tcnIpcraturC
|

|

|

|

for oil generation

High

, b Interval
gradient

of high
e gradient

gradient

Low High
heat heat
flow flow

Depth-temperature graph showing how Depth-temperature graph showing how a
the top of the oil generation zone rises formation with a low conductivity and

with increasing geothermal gradient high gradient raises the threshold depth
of oil generation.




Pressure in the subsurface

PRESSURE: The force per unit area acting on a surface

Overburden pressure (S) =
lithostatic pressure (p) + fluid pressure (f)

Hydrostatic (imposed by a
column of fluid at rest)

Grain-grain contact (weight of : ) ,
the solid portion) Hydrodynamic (fluid potential

gradient caused by fluid flow)

Column of freshwater = 0.43 psi/ft : normal
Abnormal (overpressured) = >0.43 psi/ft
Abnormal (underpressured-subnormal) = <0.43 psi/ft




Pressure in the subsurface

Depth-pressure graph
illustrating hydrostatic and
geostatic pressures and
concepts.

e L SR 1] ———

VOl KT T 6 Rl

.'['

Pressure

Normal Pressures

Sealing Layer

<—-l)(‘pth
|

Reservoir
N

Z

7 Underpressure Overpressure

Subnormal
pressurc

Supernormal
pressure




Pressure in the subsurface

Fluid density changes with depth as a result of changes in:
T

P

‘Fluid composition (including dissolved gas and solids)

‘Fluid phase-gaseous or liquid

Ranges of fluid  Oil-field liquids and gases occur in a wide range of compositions. The table below shows
density and typical density ranges and gradients for gas, oil, and water. However, because exceptions
gradient occur, have some idea of the type of fluid(s) expected in the area being studied and use
variation appropriate values.

m Normal density range (g/cm®) Gradient range (psi/ft)
0.007-0.30 0.003-1.130
0.200-0.40 0.090-0.174

_ 0.400-1.12 0.174-0.486
1.000-1.15 0.433-0.500

*Varies with pressure, temperature, and composition. The composition used for this table is for an average gas composed of
84.3% methane, 14.4% ethane, 0.5% carbon dioxide, and 0.8% nitrogen (GO Log Interpretation Reference Data Handbook,
1972).




Pressure in the subsurface

Calculating geostatic pressure

P, = [weight of rock column] + [weight of water column]
Three variables determine
the geostatic pressure

P,=[p, x(1-¢)xd]+[p,xdxd]

where:
o geostatic pressure (psi) Densities of formation
weighted average of gra]'_n (mineral) density (sandstone and shale = 2.65 glem®, RN learS ol Ll o= (s 1=Te AR 1o
Ezfrshtt';?:lﬂ ift.‘zlegiﬁ"mui'e water density (g/ m°) salinities (fr.eSh S
= g 20 AVEers 1 ore-wate MSICV 1 &' C ) . .
= wei;rht.ed a\-'erage of ﬂ:nck porosity I ~0.435 pSl/ﬂ.' LG W.Iﬂ'l
Net thickness of different
To calculate weighted averages, use 1000-ft (300-m) increments. Iifhologies, e.g SS, Sh, Lmst

Porosities of different

(Geostatic gradient is the rate of change of geostatic pressure with depth. A geostatic gra- liThologies
dient of 1 psi/ft results from an average density of 2.3 g/em®.

Geostatic gradients vary with depth and location

The gradient increase with depth for 2 reasons:
Bulk density increase with increasing compaction
Formation water density increase beacuse the amount of TDS in water increase
with depth.
Cenozoic of lousiana- geost. Grad. 0.85psi/ft at 1000 ft+ and 0.95psi/ft at
14000 f+



Pressure in the subsurface

Sub surface P are important on driving fluid flow, influencing petroleum
expulsion controlling migration pathway and if present today causing drilling
problems. They may also influence compaction

Hydrostatic or normal subsurface fluid pressure at any depth is
equal to the pressure exerted by a column of water reaching the
surface

Abnormal pressures =upper limiting value of 1.0 psi/ft.In fact this
is equivalent to the pressure exerted by the rock column.



ressure 1n tThe subsurftace

Hydrodinamic pressure. Fluid flow
P of fluids is given by hydrostatic+hydrodinamic component
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Intake,
Artesian Potentiometric
surface
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4,000
{1219) o

= 8000
£ (2439
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o
12,000 [
(3658) [
A B
SS
16,000 | | | |
(4877) 4,000 8,000 12,000 16,000
Fluid pressure, psi
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0 300 600 900 1,200
Fluid pressure in kg/cm?2
Figure 9-1

Increase in fluid pressure with depth. Line A is the hydrostatic gradient for most petro-
leum basins, 0.46 psi/ft (10.4 kPa/m). Line B is the lithostatic gradient, 1.08 psi/ft (24.4
kPa/m).The dashed line shows fluid pressures in the sandstone—shale sequence to the
left. The diagram in the upper right shows the change in fluid pressure when pressure
is applied to layers of sand and clay mud.The center of the shale is a pressure barrier
to fluid movement. Fluids are escaping upward and downward to sand beds which are
in contact with the surface.

ressure in the
subsurface

Whitin any formation with an open pore
spase system P will increase linearly with
depth.When separate pressure are
encountered in a well it indicates that

limpermeable barries separate formations

Pressure e

Surface

Interval of
probable
permeability




Abnormal Pressure Regimes

Super'nor'mal pressures Pressures greater than hydrostatic

Overpressuring occurs in close-pore fluid environments where fluid
pressure can not be trasmitted through permeable beds to the surface

Permeability barrier:

R Evaporites
Ithologica _shales
structural I Fault, folds
Fi I03 0 erprcssureWhen sc.tiivimem burial i
The most common cause for ‘ " racid and permeability poor, pore fluid cannot

overpressure is CompaC'ﬁon or }  escape and supports  the cver-if!creasiflg
beﬂ'er' The |0Ck of i'|' overburden stress (left). Permeable lithologies

undergo ‘dewatering’ (right). Pos o ov.erburden
pressure (psi); Ppa. = pore pressure (psi) (lm.ag'e
© 2007 Schlumberger, Ltd. Used with permission).



T

Normql and Abnormal Pressure Regimes

Top
overpressurc

—— Porosity = — Pressure —

Surface

Diagenetic

Top overpressure

Normal
hydrostatic \\
i pressurc

|

11,000

Figure 9-2

Porosity/depth profile showing under
compaction in a thick shale at Mustang
' Island, at 27°8’S, 96°8’W offshore thg
Porosity, % south Texas Gulf Coast.

5 10 15 20 25 30

A) Cross section through a delta. B) depth-porosity and depth-pressure curves,
indicating overpressuring due to undercompaction.

Overburden pressure (S) = lithostatic pressure (p) + fluid pressure (f)




Normal and Abnormal Pressure Regimes

Overpressures on fluid compartments at great depth (>3000m) surrounded by
impermeable rocks

In '|'h i S case 46.8 psi/100 ft grzg‘i';f]:ma'
o Sandstone 1.45°F/100 ft
No undercompaction and ol o

Permeability barriers Low sy
created by cementation sandstone
Of fr'GC'I'ur'es 5,000 7,oogressurs;:o§s(: 11,000 13,000 2§2mperai?g . 300

Figure 9-6

Pressure/depth gradient in Lower Miocene formations, Vermilion area, offshore
Louisiana. Data points are DST measurement from six wells in Blocks 14 and 5. Geo-
thermal gradients decrease to 1.8°C/100 m (1.0°F/100 ft) in shallower beds located
above the areas shown. [Powley 1985]

In overpressured zones the Geothermal gradient could increases.
Overpressures could be find using Vitrinite reflectance studies



Subnormal pressures

Overlying
rock and fluid

St{bnor'mal reservoir pressures (P less than 0.43 000 T TN
psi/ft of depth) are very common.

Potentiometric surface +2500 ft

44 psi/100 ft Compa1nment

Causes non well understood. If a reservoir
containing either gas or oil is isolated and then
subjected to uplift and erosion, the removal of -
overburden causes an elastic rebound of the - j:.‘:?;ﬁg:qum"
solids and an increase in volume of the pores..
The pressure of the pore water in the acquifer
and shales will drop. KOs g comparmen
Most low pressure reservoirs in area where
there has been uplift and erosion since the

sediment forming the reservoir were deposited
and lithified.

Precambrian

1,000
Pressure, psi

Figure 9-5
Pressure/depth gradient, Keyes field, Cimarron and Texas counties, Oklahoma, based
on information from Dwight Energy Data Company. [Powley 1980]




Determining formation fluid P with DST

.. 1) Running-in or 2) Flowing 3} Shut-in
running-out

Figure 5-13. Modified from Dalhberg, 1994; courtesy Springer-Verlag.

Run in run out period= Tester valve is closed. Drilling fluids flow through the ports
The P gauges respond to the weight of the drilling mud column

Flowing period= an interval of the borehole is sealed off from the rest of the
borehole.tester valve opened creating a P drop in the tool which sucks fluids into the
tool. Recovered volumes of oil,gas,water, mud are recorded

Shut in period= Tester valve closed.interval sealed off. P increase in the closed tool
gradually until it reaches an equilibrium with the P of the isolated fm



Determining formation fluid P

Running Tool Shut Tool Shut Runninq
in OPEH in GPEH in out
Initial and Final

Hydrostatic A (IHP) F (FHP)
[Mud]) Pressure e [o—— —

Initial Shut-in ‘ ‘

Pressure C {ISIP)

Final Shut-in E (FSIP)
Pressure

@
-
=
[’} ]
0
[+
e
1.
nitial Fle

Build-up Period

Time ——

A= initial Hydrost. P exerted by the mud column in the borehole

B & B1= P recorded when the tool is opened up to the fm and fluids flow
C= initial shut-in pressure measured when the tool is closed. It is the P in
the reservoir

D & D1= P recorded during the next flow period

E= final shut-in period. Record the P in the reservoir

F= final Hydrost pressure of mud column. It should match P of point A
within 5 psi



Prediction of overpressure while drilling

| Seismic data | | Log data |

Drilling data

]

-
-
S
Ll
S

a.

L
]
o

g

3

g

U
=

15 20 120 130 140 O 100 200 30020 22- 24 28 .3 .
Velocity, Mud flowline Penetration rate Shale density, Shale
1000 ft/s temp., °F in shale, ft/h g/cm? resistivity,
Ry
- FIGURE 4.11 Various indicators of overpressure detection. In this well a zone of overpressure is
present below 12,400 ft. (After Fertl and Chilingarian, 1976 © SPE-AIME.)

Drilling rate usually increase- Normal pressure:DR increase as sediment
compact

Undercompacted shales usually have a much lower elctrical resistivity than
normally compacted

Undercompacted shales have low seismic velocity and low density



Drilling problems with overpressured reservoirs

Blowouts- uncontrolled production of formation fluids

Caving-high pore pressure in low K rocks causes them to stress relieve
or cave into the borehole

Stuck pipe- the drill pipe adheres to the side of the borehole due to
swelling (stress relief) of the borehole walls behind it

Lost circulation- by raising the mud weight to control the formation P
at the bit, the formation may rupture. The mud will then run out into
a cavity of its own making

Important to know both the pressure of the fluids in the pores and the
pressure at witch the formations will fracture. Pumping just heavy mud
is not a solution!



Normal and Abnormal Pressure Regimes

Causes of abnormally pressured reservoirs.

Uplift/burial of rocks: whereby permeable rock, encapsulated by thick layers of shale
or salt, is either uplifted or down thrown. The overburden pressure is altered, but the
fluid pressure cannot vary, because the reservoir is isolated, and therefore pore fluids
absorb the change in the overburden stress.

Thermal Effect: causing expansion or contraction of fluids which are unable to escape
from an isolated reservoir.

Rapid burial of sediments: in sedimentary environments where sand bodies are deposited
within shale deposits at a high rate the fluid cannot escape from the pores as the rock
is burried under younger sediments and compacted. This leads to overpressure.

Rapid erosion: in the case of isolated reservoirs where the overburden is reduced
through erosion.

Depletion of a sealed or low permeability reservoir through production.

Depletion due to production in adjacent field in pressure communication via a common
aquifer.

Phases changes e.g. anydrite into gypsum (absorbs water) or alteration in clay
mineralogy.

Overpressures as result of hydrocarbon charge (displacement pressure > pore fluid
pressure)

Inflation of pressure due to seal failure (e.g. faulting) . Uncontrolled cross flow between
reservoirs.



Oil generation expulsion and Migration

Present day maturity (for mature or post mature rocks)
gives no information about the actual time when they
become mature

OM in a rock may be made up of several different
kerogen types that have different generating abilities and
different thermal stabilities

The time of generation is important because it is the
migration pathway at that time that will control where
the oil goes



Quantities generated

The progress of generation is reported as TR (or PI if no migration occurred):

TR=amount generated/total potential for generation=peak1/peak1 +peak?2
Transformation ratio (TR) is ratio of generated petroleum to potential
petroleum. In other words it is ratio of organic matter which is transformed to
oil and gas. The transformation ratio is related to organic matter maturation,
the more maturity is increased, the more oil is generated.

Geochemical parameters and pyrolysis information used to establish source
rock maturity, generating potential, and type of hydrocarbon product.
Values are from Peters (1986) but there are variations among values

quoted by other authors.
GENERATING T0C s1 52 —~CALCULATED RATIO OF TRANSFORMATION—»
POTENTIAL (Wt%) mg HC/grock  mg HC/g rock SFORMATION
0 0204 06 0B O Q2 04 0 0OR O D2 04 0O DR i
Poor 0.0-0.5 0.0-05 0.0-25 N — ' — A =
Fair 0.5-1.0 0.5-1.0 2.5-5.0 = TYPE ] TYPE II TYPE I =
Good 1.0-2.0 1.0-2.0 5.0 - 10 = 04 1y
Very good >2.0 >2.0 >10 L L,:' """""""" Jiﬁ 06 L
'\____‘___- "\\‘ [y i E .
— - 'h._“. | \ L|__| o
= A " ~, 0w a=
TYPE HI S2/83 ) N S g
: I \ hip W~
e 1 * Cc =
Gas 0- 150 0-3 . hig o
Gas and oil 150 - 300 3i-5 A E =
0il >300 >5 w --=CALCULATED |RATID N =
=T \ =
i i A ' i i i i 1 ZE:I ;
MATURATION TR Tmax Ro a40 40 480 500 440 460 980 510 440 450 480 500 520 v
Top of oil window ~0.1 ~435 - 445 ~0.6 Tmax (°C) >
Bottom of oil window ~470




uantities generated
model| basin history

TR_Ungerer{1990)_2/3TII-III{MorkthSea)-cs [%]
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Petroleum generated and expelled

=initial petroleum potential=inizial
. o o —= hydrocarbons generated/expelled (mg/g TOC)
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Figure 3.16 Schematic representation of amount of hydrocarbons generated in, and expelled
from a type II kerogen-bearing source rock as a function of organic matter maturity for the
o os e initial part of the oil window (after Leythaeuser et al., 1987. Reprinted with permission from

P 0O = l"""lal pe“‘r'OIeu m the Proceedings 12th World Petroleum Congress, Houston, Vol. 2, Fig. 2a, p. 229),
potential=inizial oil+initial
reactive kerogen
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Maturity and petroleum generation

+ Well 1
e Well 1
o Well 2
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e Well 1
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Fig.4.28 (a) The average hydrogen index (mg g~' TOC)asa function of depth, Kimmeridge Clay Formation, Miller Field, UK continental shelf.

The hydrogen index was measured every 2 m: the points shown are averages for each 10 m interval (five samples), plotted at the mid-point of the range.

(b) The average petroleum generation index as a function of depth (calculated using both §, pyrolysis and TSE methods for well 1). (¢) Average

petroleum expulsion efficiency (PEE) as a function of depth for well 1, calculated using TSE data. (From Mackenzie etal. 1987.)




Quantities generated

But is better to combine net
source rock thickness and
richness

The source potential index (SPI) or cumulative HC potential is the
maximum quantity of HC (in metric tons) that can be generated within
a column of source rock under 1 m2 of surface area

SPI=h(51+52)p/1000



Oil Migration

Migration is the movement of oil and gas within the subsurface.

Primary migration is the first phase of the migration process: it
involves expulsion of hydrocarbons from their fine-grained,
lowpermeability source rock into a carrier bed having much
greater permeability.

Secondary migration is the movement of oil and gas within this
carrier bed. Accumulation is the concentration of migrated
hydrocarbons in a relatively immobile configuration, where they
can be preserved over long periods of time.

Tertiary migration is the movement of petroleum from a previous
accummulation to eithr the earth’'s surface or a shallower trap

This processes progres until the oil column reaches a rock whose pores
are so small that the oil column pressure cannot force further movement:
the oil is trapped against a CAP ROCK (seal)



Oil Migration

\M/\/\MMM_AM_/\MA P T O S )

Od [ ] [ ]
5l Secondary Migration
; ' g“é§§§3 | B | AL et
A A o T‘A7
aM _ .
\! | /ﬁ T | o Lateral movement
: : - . _ through sand lobes

. Migration
+_._ through

halokinetically
“— controlled -

fractures

Secondary !
migration

NB. No pre_--TertiaP\é regionaily .
OO N - extenswe con uit for migration s ",

.....

Primary migration




The volume of rock that
consTiTuT.es the migrq‘rion Ao f A
pathway is called drainage | [ [/ ORAINAGE VOLIMEI T

4 b
" E
1
--_._t.--""'- ‘

volume

o . s . y  —

The volume of Petroleum lost
along the migration is
proportional to the pore volume
through which the petroleum

flows. PROSPECT

~ReseRvoIR
/

Volume of petroleum charge= -
CARRIER
Vc=Ve-VI

SLADS

1SS ATURI Y




Primary Migration

Primary migration is the process by which hydrocarbons are expelled from the
source rock into an adjacent permeable carrier bed.

Paradox: Most source rocks are black shales which have very low
permeabilities. How can the hydrocarbons move through these rocks?
Processes that have been proposed involve either the transport of
hydrocarbons in solution, or their diffusion through shales, or migration of an
independent hydrocarbon phase either as oil or gas.

Represented by Expulsion efficiency



Oil expulsion
Expulsion efficiency is a measure of the percentage of a particular
hydrocarbon that can escape from the source bed during primary migration.

Efficiency s strongy dependent on the oriina richness o the Saurce rock.

Oil expulsion can be in some rich source 60-90% oil generated

Leaner source rock most of oil remains in the rock. .but if raised to
higher maturity it may be cracked to gas

Expulsion appears to be very efficient for gas irrispective of original source richness

Expulsion
Efficiency %

040 15 20 25 30 35

Carbon Number
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Primary Migration and possible mechanisms:solution

Ce-10 Solubilities are negligible below 150°
Cio1s Oyertz
014@

Solubility of hydrocarbons “optimum oil generation about 120°"

c
in water below 100 deg. 19-2!
is very low. - “24-34

v =Solubility no good mechanism?

It is not true: looking more in
detail
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Solubility decrease with increasing molecular
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Easy for paraffin gases to emigrate
dissolved in pore water

Also heavy oils are advocates for
primary migration by solution in water

Carbon number



Primary Migration:possible

Porosity, %

. TR mechanisms

—_
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.// ///’f/'/
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g /;'_’,-’ Max water loss from surface to 2 Km
’ % I I I
/

]

Oil pruduction begins below
-. the depth at which most of
s the compactional pore

for

i A water has been expelled.

gradient,
25°C/km

Maximum
150°

Athy (1930)
= = Hedberg(1936)

Therefore the migration of

""""" Dickinson (1951)

e e oil by flushing of pore
waters is not a viable
st proposition

FIGURE 5.20 Shale compaction curves from various sources. Note that there is minimal water loss
through compaction over the depth range of the oil window.




Primary Migration:possible mechanisms

Migration as Hydrocarbon Phases

sy - Most migration of
e < B petroleum takes place
- by flow of a
hydrocarbon liquid or
gaseous phase through
microfractures in the
source rock.

R R

- Shale: water wet Shale: with oil-generating kerogen
' surrounded by oil-wet shale

Shale: with kerogen 7~ Microfracture

Figure 36. Microfracturc-induced hydrocarbon-phase migration during oil :

generation. (A) Represents the initial stage prior to oil generation, in which

the bulk of the source rock is water-wet. (B) Oil gencration has occurred

with the creation of an oil-wet pore network around the kerogen. The

generation of oil creates an increase in pore pressure that cither opens

existing fractures or creates new ones. The oil is then expelled along oil-wet

microfractures (modified and redrawn from Ungerer ef al., 1983). Microfractures in organic rich shale. Hunt, 1995.




Secondary Migration

Main different with Primary migration is the Porosity,Permeability and
Pore size distribution of the roch through which migration take place

Driving forces for migration:
Buoyancy (force which due to the density difference between water and

the hydrocarbon)
Hydrodynamic flow (water potential deflect the direction of oil migration,
the effect is usually minor except in over pressured zones (primary

migration)

Resisting forces:
Capillary pressure (opposes movement of fluid from coarse-grain to fine-
grain rock, also the capillary pressure of the water in the reservoir

resists the movement of oil)



Secondary migration:mechanisms

Driving forces for migration:

Buoyancy :is a vertically directed force
which is proportional to the density
difference between water and the
hydrocarbon so it is stronger for gas
than heavier oil

Height of petroleum column
Buoyancy force

... DIRECTION OF MOTION

' ; il dr i e throat i ater-wet rock.
Figure 2.9. Displacement of an oil droplet through a pore throat in a wate

Pressure —»

S APZY,0(p,,~P,)
A

Acceleration due to the gravity
The formula can also be written

pw= 1-1.2 g/gm3
po= 0.5-1 g/cm3
pg= <0.5 g/cm3




Secondary migration:mechanisms

Resisting forces:

Capillary pressure :the force required for
distorting and aqueezing a petroleum
globule thorough the pore throats

Driving force Pd=2ycost/R

where py=Displacement pressure

v=Oil-waler interfacial tension FUﬂC'rion Of the CompOSiTion

6=Contact angle of oil and water against the solid

R=Radius of the pore throat A Of water Gnd pe.rr‘0|eum
not the rock

#yincreases p, increases
&8 decreases p, increases
& Rdecreases p, increases

The height of the column
necessary to overcome
displacement pressure is:

Z,- OIL COLUMN - FEET

00501 02 05 10

SILT | SAND

Dy - MEAN GRAIN SIZE - MM
BARRIER FACIES
4:0,n:26%
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Oil migration and accumulation

Vetical migration= <1000 m (only along fault and fracture plane this increase)

Lateral migration= hundreds of Km

But..lateral migration less effective than vertical (fo overcome the Pc there is need of
large volume of oil). Lateral migration has also more HC lost than vertical

{ Geothermal
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Figure 8-17
Vertical migration at the Tor and Southeast Tor fields in the Central Graben of the
southern Norwegian North Sea. [Courtesy of R. C. Leonard]

Deplth to sea level, 103 ft
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In Vertical drained petroleum systems: S
Almost all the accumulations are above the Figure 8-18
source rock with lateral migration within 30Km Lo foncslundiudin i B egminond Shsoen Sl
Multiple levels of reservoirs of different ages

contain the same (genetically) oil

Superficial seeps and/or Hc shows are abundant
if tectonic activity recent affected the regional
seal

In laterally drained petroleum systems:

HC accumulations very far from SR
Usually one reservoir capped by the most
effective seal contain most of the HC generated
bvy the SR




Migration pathways and differential entrapment

2°00

r———y
WORLD'S END
KITCHEN A

1. expansion of gas cap
(removal of overburden)

2. regional tilting PANCAKE

NO KITCHEN

3. increased water PETROLEUM

flow rate 5 ;
St +81° 30

-
A
qs0°%
OSEBERG 0 18 20km

s0°30'
4%00'
LEGEND
@ OiL ACCUMULATION P PALEOCENE RESERVOIR
@ GAS ACCUMULATION J  JURASSIC RESERVOIR
U MIGRATION PATH k TRIASSIC RESERVOIR

¥ OVERSPILL

Figure 1.28. Inferred migration pathways in part of the North Sea showing
the effects of differential entrapment (Thomas et al, 1985).




Petroleum Charge System

DISPLACED
OIL

& iz 191 iz 191
&

MATURE
SOURCE ROCK i

~rrrr

ISI]IIlrI]EIHl][:k o 'Flui[I'In[:I'usin'n

Correlations and New Plays: MCI analysis of palaeo oil in a gas zone
enables source rock correlation and suggests updip displacement of il

Into a new play.
Copyright © 2001 CSIRO Division of Petroleum Re




To the models

Distance, m
110,000 000 130,000 140,000 150,000 160,000 170,000
4,000
Oil and Gas traps with migration from BasinView's 3D Model Viewer

A Modeling maturity and migration. PetroMod software modeled the products of maturation from
multiple source rocks in a complex thrust zone (top). Migration calculations over a portion of the
section (bottom) predicted accumulation of CO; in a deep Paleozoic reservoir, condensate in the
Nugget Sandstone and gas in the Frontier Formation. Green and red arrows represent flowpaths take
by liquid and vapor phases, respectively. Results matched published fluid data from the field. (Adapted
from Kemna et al, reference 26.)




Tertiary Migration

Migration from reservoir - pressure but also slowly by buoyancy

Mechanisms:

spilling (due to excessive gas charge) ,seal compromise,slow leaking




Seal failure

Tertiary migration
Migration
mechanisms
Lateral vs. vertical
migration

Effect of fractures
and faults

Effects of salt

Water table and soil effects

Near-surface dispersal
Fracturing and gas ponding
Effect of bacteria

verpressure
Recognizing and measuring
overpressure

Calculating overpressure
Lateral transmission of
overpressure

LT

How seals work
Calculating seal
capacity

Leaky vs. nonleaky
fairways

Rates of leakage

Fig.3.3 Seal failure, tertiary migration, and dissipation. (Reproduced

()

Pervasive seepage over
small area. Low intensity

Widespread pervasive
seepage but low intensity

Tl
ﬁ%’f

Broad flat structure Highly tilted

structure

E.g. Ram-Powell Field, Gulf E.g. 30/6 discovery, Central

of Mexico, Drake North Sea, Snorre
Field, Central North Field, Northern North
Sea Sea

Local but very fast seepage

R
4
?

/k

E.g. Valhall Field, North Sea

Fig.3.4 Capillary failure (a) and fracture failure (b) of a seal. Active
faulting will focus flow; lateral migration will focus flow. (Reproduced

courtesy of BP Amoco.)




Secondary migration losses

LOSS TO LOSS TO LOSS TO
PRIMARY SURFACE SECONDARY

[
|

MIGRATION } SEEPAGE MIGRATION
|

Miniature tr

in dead-end pores

aps

Trapped py capillaty forces

HCG| (Generated
Hydrocarbons)

LOSS TO
NON COMMERCIAL
ACCUMULATIONS

VAN

A 4

HCA

ACTIVE SOUggE —>» | <«— BASIN FILL

(Accumulated
Hydrocarbons)

COMMERCIAL ACCUMULATIONS

Figure 12.2. Hydrocarbon loss during migration from an active source rock through basin fill. Only a portion of the hydrocar-
bons generated (HCG) form commercial accumulations (HCA), of which only some is recoverable. The relative magnitudes

of hydrocarbon loss change greatly from case to case.




Oil lost
at surface

A

Oil generated Expelled Qil in reservoirs
by source oil Known 4.8
rocks Undiscovered 2.4
Asphalt-heavy oil 2.8

Total 10.0
- o

Oil retained Dispersed
in source oil
focks B Gas in
225 (112.5) 65(325) | reservoirs

2

G Gas expelled from

Gas generated source rocks (G) : Gas dispersed,
by source Gas cracked from dissolved and
rocks 50% of the oil in B&F lost at surface

50 (10) Pyrobitumen residue
PN in B&F

Figure 16-2

Flow chart showing the ultimate sinks for an estimated 550 x 10'2 BOE of oil and gas
generated in the last 100 million years (Boxes A plus G). The numbers shown are the
original BOE for each box. The numbers in parentheses in Boxes B and F represent
the residual oil after 50% of the oil cracks to gas and the gas moves to Box H.The
number in parenthesis in Box G is the residual gas left adsorbed on the source rocks
after primary migration.The 550 x 10'2 BOE generated is estimated to be distributed
at present as follows: B(112.5), D(200), E(10), F(32.5), G(10), H(85), I(2), and J(98).




