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1) A New Method to Evaluate Reservoirs:

Reservoir Fluid Geodynamics (RFG); a New Technical Discipline;

¢ Definition and Enablers

2) RFG Reservoir Case Studies

* Equilibrium Gradients/ Connectivity

» Diffusive Gradients (over geologic time)
* Viscous Oil and Tar Mats

3) Conclusions
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Petroleum systems
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Reservoir Fluid Geodynamics Enablers:

FHZ EoS Thermodynamics identify crude oils or are not equilibrated.
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Crude Oil Thermodynamics:
Asphaltenes Now Included and Required for RFG.

Gas-Liquidﬁ Fluid-(dissolved) Solid
Flory-Huggins-Zuo EoS 2010

Heavy Oil Model

Cubic EoS Gas-Liquid

Light Ol Model Black 0il Model

Van Der Waals EoS 1873 Asphaltene Size: we.um wwm ve o
Peng-Robinson EoS 1976 Yen-Mullins Model, 2010

Can Now Solve
Newton’s 2" Law, F = mg
for Gravity on Asphaltenes.
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Asphaltenes have THREE Aggregation Thresholds, not One.
Yen-Mullins Model of Asphaltenes
. Heavy Oil Model
Light Oil Model Black Oil Model =
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AFM, STM Image of Asphaltene Molecule.
Bruno Schuler, Leo Gross..., IBM Zurich, Mullins, SLB...

A B CH

Downhole Fluid Analysis (DFA). Crude O

Measure QOil Color = Asphaltene Fraction

OD = Optical Density of Qil Color. e
0 Light out

L =10—0
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. Medium oil :'.. Heavy oil
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Measurements of Fluid Gradients in Reservoirs

A) Reservoir with two wells B) Asphaltene C) Ora Platform
Gradients
Sample
Wells 1 & 2 Modules
Fluid
FHZ EoS Analysis
/
Pump
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p = Analysis
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Pump

Integration with Geochemistry, Analytical Chemistry. Lab

GCxGC. Two-Dimensional Gas Chromatography

Colombian Crude Oil

Naphthalene Missing

P
henan threngs Severe

Biodegradation
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Ch. 2. Case Study 1.
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Deeper GOC in West Due to Charge;
This higher Psat in West.
Thus higher Solution Gas in West
Thus Lower Density in West.
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Unique Data: Preserved Pleistocene and Current Lateral Fluid Gradient

(A) Initial Lateral Gradient (preserved in |so|=3'méi sections of reservoir)

1N "G N N N S
. FHZ EOS light oil model

Less Asphaltene in West, Less Dense Oil in West
(8) Current Lateral Gradient (in : DFAOD815nm)
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Low density fluid in west, higher density fluid in east:
Cross pressure gradients and convection follow.
Pressure

East Side West Side
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Geo-Scenario For GeoModeling:
Reservoir Fluid & Structural Geodynamics
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Ch. 2. Case Study 3

Black Oil:

Consistent. Middle Pliocene

Color Gradient.

i/ DFA: Asphaltenes
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Asphaltene Equilibrated Laterally, FHZ EoS. Connected Laterally.
Not Equilibrated Vertically. Baffle at least.
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T2ST After Production. Upper and Lower Sand Connected?

T2ST South of Scissors Fault.

19

Different depletion pressure confirms Shale baffles in “pinchout”.

South of scissors fault, pressure survey confirms Shale Baffle/ Barrier

after production started North of the Scissors fault.
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Comprehensive Geodynamics: Structural & Reservoir Fluids

T2 well on far side of Fault. Vertical Offset ~380 Feet Seismic Imaging.
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Reconstruct Reservoir Prior to Fault Throw
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Lift DFA, Fluid Data by Fault Throw; Interpolates into Central Block.
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Initial
Condition

Gas

Geo-Scenario: Gas and Oil Charges into Reservoir

* High Solution Gas Expels Nanocolloidal Asphaltenes
* Asphaltenes accumulate at base of interval
* Boycott Convection to Base of Reservoir

* Local Diffusive Equilibration of Asphaltenes

Present Day

Quasi-Equilibrium
if flux smal
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Ch. 2. Case Study 8

Huge Asphaltene Gradients, Huge GOR Gradients.
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Diffusive Gradient of Solution Gas.

@

Asphaltene Expulsion, Migration to Oil-Water Contact
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Geo-Scenario: Heavy Oil and Light Oil

Black Oil

Formation of Heavy Oil, Mat in Rim of 4-Way.

Ch. 2. Case Study 7.

RFG Time Steps:

1) Asphaltene instability
from Charee
Lighter oil

Side
View

2) l-\.sﬂta :

Heavier oil ge® ®
o0 o0 °

3) Convection

4) Viscous oil and
Tar Mat Formation

Aramco
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Heavy Oil. Asphaltenes Equilibrated (FHZ EoS) = Connected.
Known in Production.
HUGE Viscosity Gradients Matches FHZ exactly over 100 km.

TVD (feet) Aramco
X700 - 7 : .
— Nanoaggregate Top View
(little gradient) "= ;
x800 + T ;

@Wells
| O

x900 Heavy it
’ Theory |
L P M T aRr'_nfd Side View
Ve ar Rim
| x000 : Oblle Hi

Cluster

™ "VOI_ i

® o o l

X100 i -
i gr%{\ Heavy Oil FHZ EoS \
| OD(h) exp{ VApgh} i 1
0OD(0) kT | Tar Mat
x200 : :

0 20 25 30 35 40 45

% Asphaltene 29

Reservoir Concerns: Viscosity, Tar Mat, Water Injection.

ONLY Asphaltenes Define Reservoir Concern.

Not Cubic EoS, Not Geochemistry.
Ts .
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Identify Key
Reservoir
Concerns

RFG Ora Workflow
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PDF of RFG Book!

Here is the link: https://www.slb.com/resource-
library/book/reservoir-fluid-geodynamics-and-reservoir-evaluation

Chapters

Front Matter: RFG Matrix —
1. Introduction to RFG

2. (18) RFG Case Studies

3. The Asphaltenes,

the Yen-Mullins Model and the

Flory-Huggins-Zuo EoS

4. Basic Concepts of Petroleum
Systems and Organic Geochemistry

5. Mass Transport in Reservoir
Hydrocarbons Over Geologic Time

“Reservoir Fluid Geodynamics Case Studies Matrix
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Schiumberger

Reservoir Fluid

RFG Process
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Conclusions:

1) Reservoir Fluid Geodynamics (RFG) New Way to Evaluate
Reservoirs.

2) RFG addresses all manners of reservoir concerns including
connectivity, compartments, baffling, GOR gradients, CO2,
viscosity gradients, aquifer support, tar mats, low PI, wakx,...

3) New Opportunities for technologists. e.g. Many new modeling
problems now constrained with unique reservoir data.

New: PDF of RFG Book!

Here is the link: https://www.slb.com/resource-library/book/reservoir-
fluid-geodynamics-and-reservoir-evaluation 33
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Energy Projections for Next Three Decades;
1) Oil and Gas (and coal) continue for decades, thus
2) CCSis required for sustainability

e
e@ U.S. Energy Information

Administration

Primary energy consumption Share of primary energy consumption

by energy source, world by source, world
quadrillion British thermal units p;r:;mage history projections
300 . _— :
history | projections petroleum renewable
v prol and otber 90%
250 liquids 80%
70% coal
200 natural gas 60%
coal
150 50% petroleum
40% ..liquids
100 30%
20% natural gas
50 10%
nuclear nuclear
0 0% BN 00 e
1238 bior#R20 2030 2040 2050 2020 2050

2 Electricity generation from renewable sources is converted to Btu at a rate of 8,124 Btu/kWh
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https://www.eia.gov/outlooks/ieo/index.php
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