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Abstract

Rapid, kilometer-scale vertical migration of fluids through low permeability sediments has been documented in numerous sedimentary basins
around the world, including the South Eugene Island 330 Field in the Gulf of Mexico basin. Solitary waves, which can travel at speeds orders
of magnitude greater than Darcian flow, are hypothesized to be a mechanism for rapid transport of fluids from deep overpressured source
sediments to shallow reservoirs. Solitary waves occur as regions of high porosity and fluid pressure and may form in oil-saturated sediments
when the ratio of fluid pressure generation rate (Pg) to hydraulic diffusivity (D) exceeds about 1.1 x 10% Pa m™. The main purpose of the
present study was to investigate the rate and magnitude of fluid pressure generation from sediment compaction and hydrocarbon formation that
can develop in sedimentary basins to assess the likelihood of solitary wave formation. Using the BasinMod2D™ software, a two-dimensional
numerical model was constructed that calculated pore fluid pressure generation as a result of sediment deposition, burial, quartz cementation,
and compaction, heat transport, kerogen maturation to form hydrocarbons, and associated flow of oil, gas, and water.

Results showed that sediment diagenesis in a hydrocarbon forming sedimentary basin could generate pore fluid pressures at rates of 1’s up to a
maximum of 510 Pa year™. Solitary waves that are capable of transporting oil could form at depths greater than 4 kilometers from kerogen-rich
source rocks. However, the high hydraulic diffusivity of methane-saturated sediments would likely require high-pressure generation rates of at
least 2000 Pa year in order to form solitary waves capable of transporting methane, which is unlikely to be achieved by hydrocarbon
formation and sediment compaction but might be achieved by earthquakes.
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GA-1 Sandstone 330
before 1985

Spatial and Temporal = i
Variation in Pore Water
Salinity around the Fault

e Low salinity around the fault
zone

GA-1 Sandstone 330
after 1985 TN

o Salinity increases away
from the fault

 |ndicates fluid migration
from deeper levels

Lin & Nunn (1997)




Organic Matter Maturity in the Fault Zone

Viinmic Rellectance

e High organic
matter maturity in
the fault zone

e Paleothermal
anomaly due to
ascent of short
lived (150 year-
long) pulse of
rapidly flowing
fluid, up to km/year

Losh et al (1999)



Seismic Reflection Image along the
Fault Zone

North North

Relative
reflectivity Haney et al (2005)

« High reflectivity zone interpreted as presence of high fluid
pressure pulse

e Fluid pulse traveled at a velocity of 140m/yr



Solitary waves could be responsible for rapid
fluid transport in low permeabllity sediments
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Solitary Wave
Characteristics

2000

2500
e Accelerates as it ascends

but diminishes In 3000
amplitude
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* Leaves behind a wake of
elevated fluid pressure

 Forms when the rate of
fluid pressure generation
IS high relative to the rate 60 30

of fluid pressure diffusion Fluid Pressure (MPa)
Joshi et al, 2012




For oll solitary waves to form and propagate,

P
g P oshi et al.,
7 = 1.14 x 108 a/mz (Boshi et al., 2012)

P

v = fluid pressure generation rate (107° Pa/s or 30 Pal/year)

D = hydraulic diffusivity for oil (m?/s)

For methane solitary waves to form and propagate,

o If the above threshold ratio for oil is also valid for
methane, then higher methane diffusivity requires a
higher P, of ~ 2000 Pa/year



Hypothesis: Fluid pressure generation rates high enough
to form oil and methane solitary waves can be generated by
sediment compaction & hydrocarbon formation under
geologically realistic conditions

» 2D Modeling of
Sediment Compaction
and Fluid Pressure
Evolution

| | | » Used BasinMod 2-D™
B Hydrocarbon Source Software

5000 10000 15000 20000
Distance (m)

What Is the maximum possible pressure generation rate
from sediment compaction & hydrocarbon formation in a

sedimentary basin?



Three Scenarios Modeled

> Base Case Scenario

» Basin properties resembling Eugene Island 330 basin

» High Pressure Generation Rate Scenario

» Basin properties that maximize pressure generation

> Low Pressure Generation

Rate Scenario

» Basin properties that minimize

Distance (m)

20000




Model Parameter Values

High
Pressure
Generation
Rate

Low Pressure
Model Parameters Base Case Generation
Rate

Sedimentation rate (mm-year?) 0.139 13.9
Surface porosity (%) : 0.5 0.2

Matrix thermal conductivity (W-m1-C-1) 3.64 0.91
Surface temperature ("C) 5 5 10
Basement heat flow (mW-m-2) 60 50 120

Shale permeability (m?) 1018 10-19

Shale compressibility (Pal) 108 107

% TOC 5 5 0.5

Type | Tvoe || Type |l
Kerogen type (Burnham (Burn3;1pam 89) (Espitalie 88
'89) Viking Graben)




Stratigraphic Evolution of the Basin

Hydrocarbon Source Rock 3.1 Ma

10000 15000 20000

Hydrocarbon Source Rock

5000 10000 15000 20000
Distance (m)

Hydrocarbon Source Rock

5000 10000 15000 20000

Hydrocarbon Source Rock

5000 10000 15000 20000
Distance (m)




» Both oil and
gas confined to
the source rock

Hydrocarbon Generation

» OIll saturation peaks at 1.02
Ma and then declines

» (Gas saturation increases to
the present day

Natural Gas
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Overpressure Evolution in the Basin

Overpressure (MPa)
Overpressure (MPa)
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Pressure Generation | Lnosstc
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Lithostatic
Hydrostatic
——-=-=- Critical Pressure
--- Compaction Disequilibrium (CD)
CD & Hydrocarbon Formation

o
o

Pressure (MPa)
D
o

B
o

(b) 550

== Compaction Disequilibrium (CD)
CD & Hydrocarbon Formation

w
o
o

Pressure Generation Rate (Pal/yr)

M
(4]
o

High Pressure
Generation Rate
Scenario

» Hydrocarbon formation
contributed maximum
overpressure of ~6.1 Mpa

» Two episodes of pressure
rate increase

» Rates reach maximum
value of 513 Pal/year
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— — —— Base Case

Temporal Variation
of P,/ D Ratio )

Threshold Value for

Solitary Wave Formation

» Ratio for the high
pressure generation
rate scenario lies
above the threshold
value after 0.07 Ma

> Ratio for other two scenarios lies below the threshold
value throughout the basin history

» Pressure generation rate at later times during
hydrocarbon formation could produce solitary waves



Variation of P,/ D Ratio with Depth

» Solitary wave formation restricted to depths
greater than 4.2 km

» At shallow depths,
hydraulic diffusivity Is
too high for solitary
wave formation

Solitary Wave Formation
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» Solitary waves could
form at shallow depths
If a more rapid

- | pressure generating

O s ll  mechanism existed




Could methane solitary waves develop from fluid
pressure buildup during sediment diagenesis in a
sedimentary basin?

» Unlikely from sediment compaction and hydrocarbon
formation

 Required: Pg ~ 2000 Palyear
« 2D Basin modeling calculation: Pg ~2 to 513 Palyear

» Could be possible from
earthguakes that could
cause instantaneous rise
of pore fluid pressures

+ Yuanlin | response to
Chi-Chi earthquake
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Conclusions

» Pressure generation rate from compaction
disequilibrium and hydrocarbon formation in a
sedimentary basin could vary from ~2 Pa/yr up to
~513 Palyr

» Solitary waves could form and propagate at
depths greater than 4.2 km as a result of
pressure generated by compaction disequilibrium
and hydrocarbon generation



Conclusions contd

» Methane solitary waves could form in sedimentary
basins If fluid pressure were generated at a rate
more rapid than possible via compaction
disequilibrium and hydrocarbon generation

» Earthquakes may also allow olil solitary waves to
form at shallow depths in sedimentary basins



Current Research Work
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Solitary waves did not form at ~2000 Pa/year of pressure
generation rate




Methane Solitary Wave from
Instantaneous Pressure Generation

» Instantaneous
pressure
generation
source of 6.8
Mpa

» Solitary wave
velocity of
~10’s of m/yr
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Sensitivity of Solitary Wave Velocity
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