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ODS Process Systems τ 

Project Status Update

An overview of current equipment supply and 
commissioning support activities across P82 
Produced Water Treatment (PWT) and P79 
Slops Systems, including technology deep-dives 
on Hydrocyclone and Gas Flotation packages.

TODAY



P82 PWT τ Equipment Supply (ODS)

ODS is supplying the following produced water treatment equipment for the P82 project:

Equipment QTY / Config Tag Numbers

Deoiling Hydrocyclone c/w Internals 5 × 20% CI-5331001A/B/C/D/E

Gas Flotation Vessels c/w Internals 2 × 50% FI-5331001A/B

Recirculation System Pumps 3 × 50% B-FL-5331001A/B/C

Recirculation System Eductors 4 × 25% E-FL-5331001A-A/A-B/B-A/B-B

Wafer Dispersers 4 × 25% ESP-53318001/2/3/4



P79 SLOPS SYSTEM

P79 Slops τ Commissioning Support

Package P790001 τ Slops Discharge System

Parameter Value

Size DN 80 / DN 1400 mm

Capacity 3,500 l/min / 1,607.2 l/min

Design Pressure 1,000 kPa / 1,007.2 kPa

Design Temperature 60 °C

Operating Temperature 25 °C

Sample connections to be at side of pipe for horizontal lines, 

without interior pressure per IEC 60534-2(2008).



The P&ID illustrates the 

central flotation vessel 
(FL-5331001A) with 
polyelectrolyte and 

biocoagulant injection 
points, fuel gas supply, 
separator interface level 

control, and produced 
water inlet/outlet. Safety 
systems include high/low 

level alarms and low-
pressure protection. 
Overboard discharge is 

routed via TC-5331001-P/S.

P79 & P82

Typical System τ P79 & P82 P&ID Overview



HYDROCYCLONE PACKAGE

Deoiling Hydrocyclone τ Technology Overview

How It Works

The deoiling hydrocyclone uses centrifugal force to separate oil 

droplets from produced water. Oily water enters via the Inlet, oil-
rich reject exits via the Oil Reject Outlet, and cleaned water exits 
via the Water Outlet.

P82 Configuration

To achieve large turndown capability, the P82 hydrocyclone vessels 

are supplied with four (4) internal compartments on both the 
reject and discharge ends. The operator selects which 
compartments are active based on the prevailing flow rate.



Hydrocyclone τ Internal Compartment Layout

Four Compartments τ Equal Liner Count

Each of the four internal compartments contains 29 liners, 

providing uniform performance across all operating 
configurations:

Compartment 1

29 Liners

Compartment 2

29 Liners

Compartment 3

29 Liners

Compartment 4

29 Liners

This modular design enables flexible turndown while 

maintaining separation efficiency at all flow rates.



GAS FLOTATION PACKAGE

Gas Flotation Unit (GFU) τ Technology Overview

Purpose

The GFU reduces oil concentration from the worst-case hydrocyclone 

outlet to the required level for produced water disposal.

Operating Principle

Small gas bubbles are introduced into the oily water stream and adhere 

to oil droplets. The combined oil/gas bubble has a lower bulk density, 
accelerating the rate of rise toward the liquid surface. The resulting 
oil/water/gas froth overflows continuously into an outer collection 

chamber, ensuring all surface oil is removed over the weir and cannot be 
re-entrained.



CFD ANALYSIS

Degasser CFD Modelling

Computational Fluid Dynamics (CFD) is used to simulate free-stream fluid flow and the interaction of liquid and gas phases 

with internal surfaces, enabling optimisation of vessel internals and flow paths.

Path lines colored by time (s) τ FLUENT 5.5 (3D, segregated, ke). 
Shows recirculation zones and complex flow interaction with 
internal components.

Later time step showing progression of flow τ liquid level and flow 
patterns have changed significantly, demonstrating transient 
behaviour within the vessel.



CFU Development τ Internal Flow Optimisation

CFD-Driven Design

CFD modelling is used to configure internal flow patterns for flow path and internals optimisation 

within the Compact Flotation Unit (CFU). The 3D streamline visualisation reveals the helical flow 

behaviour inside the cylindrical vessel, confirming well-distributed fluid paths across all horizontal 

plates.

Key Benefits

Optimised Internals

Flow path modelling guides the placement and geometry of internal plates and diffusers.

Reduced Re-entrainment

Validated flow patterns minimise oil re-entrainment, improving separation performance.

Design Confidence

CFD results de-risk equipment design before fabrication, reducing costly modifications.



Produced Water Treatment 
Technologies
A technical overview of Induced Gas Flotation (IGF) and Liquid-Liquid 

Hydrocyclones (LLC) τ two proven solutions for oil-in-water separation 
in upstream and downstream operations.



Induced Gas Flotation (IGF)
A well-proven technology used extensively worldwide for oil-in-water 

separation, available in both vertical and horizontal configurations.

Residence Time

40 seconds to 10 minutes, typically 4 stages in a single vessel

Oil at Outlet

Typical oil concentration at outlet <15 mg/l

Reject Rate

Typically ~5% of inlet flow rejected

Pressure Drop

Low pressure drop on the water side



IGF τ How It Works

Gas Bubble Introduction

Gas bubbles are introduced into the water stream, 

attaching to oil droplets and causing them to rise to the 
surface for removal.

Bubbles are produced by either a mechanical turbine or a 

hydraulic eductor, depending on the application.

Process Stages

The IGF unit typically operates with 4 stages within a single 

vessel, progressively reducing oil concentration at each 
stage.

ω Stage-by-stage oil removal

ω Flexible residence time: 40 sec ς 10 min
ω Low water-side pressure drop
ω Outlet oil typically <15 mg/l



Liquid-Liquid Hydrocyclones (LLC)

A compact, well-proven technology with no moving parts τ ideal for high-inlet-load conditions and 

upset scenarios, with minimal maintenance requirements.

Inlet Load Capacity

Can treat high inlet loads >1% τ excellent for process upsets

Oil-in-Water Outlet

O-I-W outlet <40 mg/l, achievable as low as 15 mg/l

Droplet Removal

Removes oil droplets down to 10ς20 microns

Reject Rate

Rejects ~2.5% of inlet flow; multiple vessels used for turndown



LLC τ Design & Operating Characteristics

Mechanical Simplicity

Hydrocyclones contain no moving parts, resulting in minimal 

maintenance requirements and high operational reliability 
τ a key advantage in remote or offshore environments.

Footprint

Compact vessel design with a small footprint, making LLC 

units well-suited for space-constrained installations.

Pressure Drop

Typical pressure drop of 4 to 20 bar across the 

hydrocyclone τ the driving force for separation.

Turndown Flexibility

Multiple vessels can be operated in parallel or series to 

accommodate varying flow rates and achieve effective 
turndown control.



IGF vs. LLC τ Side-by-Side Comparison

Parameter IGF LLC

Oil at Outlet <15 mg/l <40 mg/l (as low as 15 mg/l)

Reject Rate ~5% of flow ~2.5% of inlet flow

Pressure Drop Low (water side) 4ς20 bar

Moving Parts Turbine or eductor None

Residence Time 40 sec ς 10 min Seconds

High Inlet Load Standard operation >1%, good for upsets

Footprint Moderate (single vessel) Compact, small footprint

Both technologies are well-proven worldwide and can be combined in series for enhanced produced water

 treatment performance.



Produced Water Treatment

A comprehensive overview of multi-stage produced water treatment 

processes τ from primary separation through advanced tertiary 
technologies τ covering onshore reinjection and offshore discharge 
applications.



What Is Produced Water Treatment?

Produced water enters the system at 1,000ς2,000 ppm free oil content with droplets greater 

than 150 microns. Through a multi-stage process τ Primary Separation, Secondary Separation, 

Polishing Filtration, and Custom Pumping/Energy Recovery τ the outlet is reduced to <15 

ppm at >10 microns. Final outputs include discharge, water flood reinjection, salinity/ion 

removal for CEOR or low salinity floods, residual hydrocarbon recovery, and solids disposal.



Rising Treatment Requirements

Inlet quality standards and removal efficiency targets are being pushed higher across all treatment stages. The Petrobras 

benchmark sets the bar at TSS <5ς10 ppm and TOG <7ς10 ppm.

Stage Inlet Specification Removal Efficiency

Primary <2,000 ppm free oil / <200 ppm TSS 90ς95% removal of free oil and TSS

Secondary <300 ppm free oil / <100 ppm TSS 90ς95% removal of free oil and TSS

Tertiary <100 ppm free oil / <50 ppm TSS 90ς95% removal of solids >2 microns and 90ς95% insoluble 

hydrocarbons

Petrobras Goal: TSS <5ς10 ppm and TOG <7ς10 ppm τ driving continuous advancement in treatment technology.



PWT Technology: Three-Stage Framework



Primary Treatment Technologies

The primary stage removes bulk free oil and large solids immediately after the crude oil separator, 

preparing water for downstream polishing.

Desander

Removes coarse sand and large particulates from the 

produced water stream.

Corrugated Plate Interceptor

Gravity-based separation using inclined plates to coalesce 

and remove oil droplets.

Hydrocyclones

Liquid-liquid and solid-liquid hydrocyclones for efficient 

phase separation under pressure.

Skimmer

Removes floating oil and surface contaminants from the 

water phase.



Secondary Treatment Technologies

Induced Gas Flotation (IGF)

Injects gas bubbles to float oil 

droplets and suspended solids 
to the surface for removal τ 
highly effective for emulsified 

oils.

Dissolved Gas Flotation (DGF)

Dissolves gas under pressure 

then releases it, generating 
micro-bubbles that capture 
fine oil particles and colloids.

Black Washable Strainers

Robust mechanical filtration to capture larger particulates before 

tertiary polishing stages.



Tertiary Treatment Technologies

The tertiary stage offers the broadest technology portfolio, targeting fine solids, dissolved contaminants, and salinity τ 

enabling discharge, CEOR reinjection, or low-salinity flood applications.

Filtration

Coalescer, Nut Shell, 

Media, Cartridge, 
Polymeric & Ceramic 
Membrane, Nanofilter

Chemical Treatment

Advanced Oxidation, 

Absorption, Chemical 
Degradation, Lime 
Softener

Electro-Treatment

Electro-Coagulation, 

Electrodialysis

Membrane & Thermal

Forward Osmosis, Reverse 

Osmosis, Evaporation, 
Humidification-
Dehumidification

Ion Management

Ion Exchange, Salinity/Ion Removal and Blending for CEOR & low-salinity floods



Onshore Reinjection: Process Line-Up #5



Offshore Discharge: Process Line-Up #3



Technology Movements: In Vessel 

Coalescence

An overview of advanced produced water treatment technologies τ 

from In Vessel Coalescence and Condensate Induced Extraction to 
Macro-porous Polymer Extraction and Ceramic Membranes.



How It Works

A cartridge assembly containing specialised coalescence 

media is installed into the inlet chamber of a Deoiling 
Hydrocyclone vessel τ or upstream of the PWT system. 
The inlet chamber provides up to 20 seconds of residence 

time, used constructively to achieve partial droplet 
coalescence while maintaining high insensitivity to solids 
blocking.

In Vessel Coalescence (IVC)



IVC: Design Parameters & 

Performance

Media Optimisation

Performance is achieved by 

optimising media material 
selection, density, surface 
treatment, flow regime, and 

mechanical orientation.

Enhanced Coalescence

The resulting enhanced 

coalescence activity boosts 
performance of downstream 
deoiling hydrocyclones.

Up to 80% Reduction

Oil-in-water concentration in the discharge stream can be reduced by 

up to 80%.



Condensate Induced Extraction

Process Overview

Condensate Induced Extraction uses condensate (NGL) from a 

suction scrubber as a solvent to extract hydrocarbons from 

produced water. NGL is injected and mixed with the produced 

water stream via a specially designed injection and mixing system.

The condensate extracts water-soluble aromatic components into 

the condensate phase. The condensate and oil particles then 

coalesce into larger, low-density droplets, which are efficiently 

separated by a downstream unit such as a hydrocyclone or 

compact flotation unit.

Condensate requirement for a given removal efficiency 

is proportional to feed Oil-in-Water concentration.



Macro-porous Polymer Extraction (MPPE)

Best Available Technology

MPPE is recognised as one of the best available 

technologies for produced water management on offshore 
oil and gas platforms. It is a liquid-liquid extraction 
technology where the extraction liquid is immobilised in 

macro-porous polymer particles.

ω Particle diameter: 1000 µm

ω Pore sizes: 0.1ς10 µm
ω Porosity: 60ς70%



MPPE: Proven Offshore 

Performance

A commercial MPPE unit was successfully installed on platforms in the 

Dutch part of the North Sea, demonstrating exceptional removal 
efficiencies:

99%
BTEX, PAHs & 

Aliphatics

Removal at 300ς800 

ppm influent 
concentration.

95ς99%
Aliphatics below C20

Removal efficiency for 

lighter aliphatic 
fractions.

91ς95%
Total Aliphatic 

Removal

Overall removal 

efficiency for total 
aliphatics.



Ceramic Membranes (Ultrafiltration)

Cross-Flow Cartridge Technology

Two principal materials are used: SiC (Silicon Carbide) and 

¢ƛhі ό¢ƛǘŀƴƛǳƳ 5ƛƻȄƛŘŜύ. Tests and trials indicate that SiC 
ƻǳǘǇŜǊŦƻǊƳǎ ¢ƛhі. The SiC microfiltration membrane 
provides anomalously high permeabilities, with fluxes of 

1300ςмулл [ Ƴѐч Ƙѐц attainable τ contingent upon effective 
chemical cleaning.

Liqtech A/S (Denmark) offers this technology at a 

usable scale, though it is expensive with a relatively 
large footprint.


