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Abstract

Wax deposition remains one of the most critical flow assurance challenges in paraffinic crude
oil production, particularly in deepwater and cold-environment operations [1-4]. This paper
presents a real-world case study demonstrating the successful deployment of Vappro® VBCI
OP 550, a next-generation pour-point depressant and paraffin inhibitor designed for oilfield
applications.

Field implementation resulted in significant pour point reduction (23°C), 62% reduction in
deposition rate, and improved restart reliability. The mechanism of action is examined through
crystal modification theory, nucleation control, and adsorption kinetics, consistent with
established wax crystallisation and flow assurance science [5-9]. Results confirm Vappro®
VBCI OP 550 as a technically robust solution for cold-flow pipeline stabilisation.

Introduction

Paraffinic crude oils contain long-chain n-alkanes (C18—C60) that crystallise upon cooling
below Wax Appearance Temperature (WAT) [1,2]. In subsea systems (4-8°C seabed
temperatures), wax precipitation leads to:

Increased viscosity [3,4]
Yield stress development [6]
Wall deposition [2,7]
Restart failures [8]

Traditional mitigation strategies include:
e Active heating [9]
e Mechanical pigging [10]
e Solvent washing [11]

These approaches are capital-intensive and operationally disruptive [2,9].
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Deepwater Pipeline Operating Environment

Page | 2

Heave Z
Yaw Sway
Pitch
Y
Sea level
< (._ Sgrge
Roll

Vessel
-
-

I Current Suspended segment
- Pipeline
-
Seabed TDZ Sagbend area
Figure 1

Gas Export Pipeline

Jumper Tie-In

to Existing Hub
94,000 10-in. Gas Pipeline
to Existing Pipeline

v
PLET

Dual 17,000 6-in. Insulated Flowlines

Umbilical With
Flying Leads

P
4 Jumpers 21 et

Flexible
Risers < Flexible
= ~ Risers

Oil Export Line

Flexible

Risers Flexible

Risers
S
Jumper Tie-In
to Existing Hub
i \

98,000 %4-in. 0l Pipeline )

_» Dual 14,000 6-in. Insulated Flowlines

—

Umbilicalwith

-y
7 UPeE

4 Slot Subsea Manifold

Figure 1




Figurel

Figure 1. Typical deepwater subsea export pipeline operating at seabed temperatures of 4—
8°C. Cold ambient conditions promote wax precipitation below wax appearance temperature
(WAT), increasing deposition risk [1-4].

Product Overview

Vappro® VBCI OP 550 functions as:

e A pour point depressant (PPD)
e A paraffin crystal growth inhibitor

Polymeric PPDs are widely recognised in the literature as effective modifiers of wax crystal
morphology through co-crystallisation and adsorption mechanisms [5,12—14].

Reported deposition reductions of 50-80% are consistent with performance ranges observed
for modern ethylene-vinyl acetate (EVA) and comb polymer PPD systems [12,15].

Scientific Mechanism

Vappro® VBCI OP 550 functions by:
e Altering wax crystal structure
o Controlling nucleation

e Improving surface adsorption
o Ensuring uniform dispersion
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These mechanisms are well documented in the crystallisation science of paraffinic systems
[5,13,14].

3.1 Thermodynamic Basis

Wax precipitation begins when:

Usotia = Hiiquid
Where p is chemical potential [16].

Below WAT, supersaturation drives nucleation according to classical phase transition
thermodynamics [16,17].

3.2 Nucleation Kinetics

Classical nucleation rate:

Where:
e AG"= critical free energy barrier
o k= Boltzmann constant
e T =temperature

This formulation follows Classical Nucleation Theory (CNT) [17,18].

Polymeric PPDs increase the interfacial free energy term (y), thereby increasing AG*and
reducing nucleation frequency [12,14,18].

3.3 Crystal Habit Modification

Untreated wax forms:

o Needle-like orthorhombic crystals
o Interlocking three-dimensional networks

These structural behaviours have been confirmed through microscopy and DSC analysis in
paraffinic crude studies [6,13].

Treated systems show:
o Shortened, spherical microcrystals

e Reduced entanglement
o Lower gel strength
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Such morphology modification has been widely reported for EVA-based PPD systems [12—
14].

Wax Crystal Morphology — Untreated vs Treated Crude

Figure 2

Figure 2. Microscopy of paraffin wax crystallisation.
Left: Untreated crude showing needle-like orthorhombic crystals forming interlocking gel
networks [6,13].
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Right: Polymer-modified wax showing shortened, dispersed microcrystals consistent with PPD
crystal habit modification [12—14].

This visually reinforces the crystal morphology discussion and supports your nucleation and
adsorption mechanism section.

4. Field Case Data
Deepwater offshore export pipeline (18 km).

The relationship between wax content (18—22 wt.%) and deposition severity is well established
in flow assurance literature [1,2].

Figure 3

Pipeline Pigging Operations

Figure 3. Mechanical pigging operations are used for wax removal. Reduced pigging
frequency from 21 days to 70 days following Vappro® VBCI OP 550 implementations.

This visually demonstrates the operational cost impact.

5. Results

The 23°C pour point reduction observed is consistent with reported performance ranges of
advanced PPD formulations [12,15].
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The 62% deposition reduction aligns with cold finger and loop testing studies reported in flow
assurance research [7,12].

Reduction in restart differential pressure reflects decreased gel strength and reduced yield
stress, consistent with rheological models of waxy crude oils [6,8].

6. Discussion

Mechanistically, Vappro® VBCI OP 550 transforms crystallisation behaviour from growth-
dominant to dispersion-dominant kinetics. Reduction in macro-agglomeration prevents wall
adhesion and gel network formation, consistent with wax network theory [6,13].

The viscosity-temperature curve shift is consistent with reduced effective solid volume fraction
(), as described in structured fluid rheology models [6].

7. Conclusion
Vappro® VBCI OP 550 provided:

o Scientifically validated wax crystal modification
e Field-proven deposition reduction

o Restart reliability improvement

o Compatibility with refining processes

This case confirms morphology control as a superior flow assurance strategy versus purely
thermal methods, consistent with modern deepwater best practices [2,9].
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