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[lluminating the Invisible

Unlocking bypassed hydrocarbons in mature fields using

Remote Sensing Nuclear Magnetic Resonance (RSS-NMR)
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The Quantum Mechanics of Hydrogen Relaxation

63% Regrowth

37% Remaining

T1: Longitudinal Relaxation T2: Transversal Relaxation

The time required for hydrogen magnetization to The time required for transversal magnetization to
regain 63% of its initial equilibrium. Energy is decay to 37% due to spin-spin interactions. T2 is always
transferred to the molecular environment (the lattice). shorter than T1 and directly highlights fluid properties.




The Reality of Reservoir Inhomogeneity
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Static dephasing that masks the true fluid signal. This rock-fluid interface.
interference can be reversed and compensated using |

Spin Echo pulsing sequences.




The Mechanism of Surface Relaxation

p2 = Surface Relaxivity | S = Pore Surface Area | V = Pore Volume

High Surface-to-Volume Ratio Low Surface-to-Volume Ratio

Short T2 Signal Long T2 Signal
Represents capillary-bound water permanently trapped Represents free and mobile fluids (displaceable water, light
in clays and micropores. Non-producible. oil, gas). The target 'sweet spots' for extraction.




Diagnostic NMR Signatures of Reservoir Fluids

Fluid Type T1/T2 Ratio | Viscosity & Mobility

L Long Low viscosity,
Free Water Long (~ 2-3 s) (~2-35) = highly mobile
Bound Water Very Short Very Short ~ 1 Immobile
(Clays) (< 10 ms) (< 10 ms) - (matrix-bound)
Light Oil Medium to Long Medium to Long ~ 1102 Fluid, !’ugh
commercial value
Heavy Oil / Short Extremely Very High Highly viscous,
Bitumen Short (>10) rapid relaxation
Very Long Short : Extremely high
Natural'Gas (3-5 ) (via diffusion)* kigh diffusivity

| * Magnetic gradient diffusion severely reduces gas T2, providing a foolproof discrimination criterion against water.



EDITORIAL SUBSURFACE

RSS-NMR: Remote Sensing Systems Integration

Direct Fluid Resonance ' Fluid Differentiation

Targets hydrogen nuclei directly. Measures Explicitly separates mobile hydrocarbons
physical fluid response rather than inferring i : from capillary-bound water based on
presence through indirect rock resistivity. distinct relaxation decay times.

Capiiary-sound vvate

Mobile Hydrocarbons

Lithology Independence N GRS CRE Ny 22 Satellite Remote Scanning

Measures total and effective porosity entirely Cy b | A ""__.‘;zi _; }-_ e P ;;.'_:' 1 - Projects resonant variations at scale, defining
independent of the surrounding rock matrix S G e S . > A~ A _ geometric contours and depths of bypassed
(sandstone, carbonate, or clay). RN ST S SRS R P S By =5 Wl anomalies before a single drill bit touches the ground.

Total Porosity

Sandstone Carbonate




The Low Resistivity Pay (LRP) Trap

Classical Electrical
Logging /
Archie’s Law

NMR Logging

Measures Total Fluid Conductivity Acts as a Magnetic Sieve

Isolates and discards the immobile
bound-water signal, revealing the
exact volume of hidden,
exploitable mobile hydrocarbons.

Fails in complex lithologies by confusing
conductive clay-bound water with fully
saturated aquifers.

Consistently generates false negatives,
leading to abandonment.




EDITORIAL SUBSURFACE

The Glauconite Trap: Berkine Basin & Gulf of Mexico

The Diagnostic Failure:

Classical electrical tools
recorded collapsing resistivity

below 1 to 2 Ohm.m. :
Micropores trap

massive networks of
conductive bound
water (creating false
electrical signals).

The Archie Assumption:

Mathematical models concluded
the rock was saturated with 60%
to 70% salt water.

Central macropores ————
hold highly mobile,
exploitable oil.

Zones were classified as sterile
aquifers and abandoned.




Revealing Invisible Oil in Fine Sands

Peak 1: Immobile Water
trapped in Glauconite clays.

/ Peak 2: Highly mobile,
/ light hydrocarbons.

T2 Time

The Commercial Outcome: By proving the conductive water was strictly
immobile, operators perforated the ‘abandoned’ zones. The wells produced
100% water-free hydrocarbons, recovering millions of bypassed barrels,




The Bimodal Carbonate Trap: Shuaiba Formation
Carbonate formations account for nearly 80% of Middle Eastern oil production.

Macro-interstitial
: : : ARSI Mo o Xy S ey cavities hold trapped,
The Diagnostic Failure: [ YCASERA 6':6 ARG - AR A FsE| mobile oil.
3 ¢, v ¢ : A A “_ - =Y :

Classical resistivity collapsed e7/,0% (& B S Vicro-porous matrix
belOW 0.5 tO 1 Ohm.m. A '.‘4" ;"‘ "..:' : ‘ 'V .’ ” ‘.4 J .t Q‘g 4 traps massive volumes
> AL & avs of hypersaline water,

creating an electrical

Archie’s Law models calculated highway.

theoretical water saturation
(Sw) at 80% to 90%.
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The 92ms Cut-off: Redefining Shuaiba Reserves

NMR Carbonate Cut-off
(~92ms)

Bound Water. Immobile fluid '

permanently confined in chalk
micropores. Zero production risk.

N\

Mobile Oil. Light
hydrocarbons lodged in
exploitable macro-pores.
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Outcome: Proved free water saturation was negligible. Activated wells produced
clean, high-flow oil with zero water trace, massively upgrading giant field reserves.



Bypass the limitations of traditional Utilize RSS-NMR satellite integration to Target specific macro-porosity sweet
seismic and electrical logging. Eliminate remotely map the precise geometry | spots to deliver water-free production

false negatives caused by complex and depth of bypassed hydrocarbon from reservoirs previously written off
lithologies and hypersaline bound water. anomalies before drilling. | as sterile aquifers.

Transforming the invisible into the producible.
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S RSS NMR

THE SIMPLE WAY OF EXPLORATION
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- VERSATILITY OF APPLICATION -

HYDROCARBONS

Gold

Copper
Lithium

Nickel

Uranium Drinking Water

Underground

STRATEGIC

Diamonds

Coal Geothermal

The technology eliminates false positives by identifying the specific type of mineral.
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