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Critical Timing for Oil Production

• Energy Transition is an “issue”.
• Stranded assets are a possibility (Annual Reports)
• Offshore Developments are Decade Long Commitments.
• EOR Oil is available on a much shorter time line, can be phased and adjusted.  

Operating costs are significant and can be titrated to market conditions. 
• EOR Oil (polymer especially) is proven technology.
• EOR Oil requires a much smaller capital investment, especially if a water flood is in 

place.
• It is an advantageous time to implement EOR projects to guarantee increased 

production with minimal long-term risk.



1. Setting The Scene – Polymer Flooding (1980)

Significant Progress - Proven Products, Field Handling, and Reliability

Improved Economics



Can We Inject Polymer at Reasonable Rates?  Lab 
Experiments Say No.  Radial Flow. 

RF = apparent viscosity/low shear viscosity

Near wellbore shows shear thickening.

RF  = 5    20 cp low shear injects like 100 cp.

At maximum RF polymer degrades.

Coil Stretch Transition of  Flexible Coils.

Xanthan (rigid rod) injects easily, RF = 0.1

Southwick and Manke, SPEJ, 1988



Design Perforated Completion for Polymer Injection 

Design enough surface area for injection so flow is not in the shear thickening regime.

8 Shots per foot was the recommendation.

Lack of confidence in polymer injectivity – pilot run as AS in dipping reservoir (gravity stable).

Southwick and Manke, SPEJ, 1988



Injectivity Lab Experiments are Misleading

1) Koning, et al. “Evaluation of a Pilot Polymer Flood in the Marmul Field, Oman”, 
SPE-18092-MS (1988)

“Injection of the water preflush was at 500 m3/d from the end of May 1986 till the 
middle of September 1986. Polymer injection followed at 500 m3/d until the middle 
of August 1987 when the switch-over to water injection took place.”

No problem injecting 15 cP polymer at Marmul.  Lab Experiments can be misleading.

2) Many commercial polymer floods with no problem with injectivity.

3) Explanation is controlled fractures are formed which reduces flux and prevents 
“viscoelastic flow”, and modified deleterious affects of radial flow.

• In some cases, polymer is injected at lower pressure than water. 
• Much supporting literature and field data.  



1) Control of Oxidative Degradation – Effect of Iron and Oxygen Scavenging
2) Preparation of High-Quality Polymer Solutions in the Field.  Mother Solutions.  Polymer 

Slicing Unit.  Avoidance of Gels and “Fish-Eyes”.
3) Understanding that Fractures are not bad, and enable injectivity.
4) Understanding that unit mobility ratio is not an absolute requirement.  Significantly 

enhanced recovery with highly viscous oils with unfavorable mobility ratios.
5) Fundamental understanding of viscous fingering and consequences of crossflow.
6) Tremendous economic improvement from polymer suppliers.
7) Many more polymer molecular weights, and products (ATBS) that can function at high 

temperatures and salinities.
8) Experience and success implementing polymer flooding offshore. 

Progress in Polymer Flooding Technology – 1980 to 
2025



Polymer Flooding Projects Have Been Economically Successful



Applicable to a Wide Variety of Reservoirs Due to New Products



Examples of Deployment Strategies



Current Projects and Potential Growth of Polymer Flooding

More than 50 polymer injections 
More than 200 projects studied
More than 3,000 polymer injection wells

Percentage of PAM used in CEOR is <20% of the worldwide PAM production 
capacity



2. Setting the Scene (1980) Caustic Flooding with High Acid 
Number Oils 

Southwick, J.G., SPEJ, 1985,



Adding a (Co) Surfactant to An Alkaline Flood
Invention of ASP!



ASP – Low IFT attained and Very High Displacement 
Efficiency Attained with (Co) Surfactant

Berg, van Batenburg et al, EAGE 2015, CT scarning of ASP.  Inherently stable. Leading polymer front does not finger through oil bank.
Matsuura, van Batenburg et. al. EAGE 2015,  Modelling of ASP displacement. 



Commercial Project – Huge Amounts of Alkali Required in 
Remote Location



More Efficient Alkali Alternatives (MW/mole)



Surprise #1 Organic Amine (MEA) ionizes Petroleum Acids at 
Lower pH



Surprise #2   Lower Alkali Consumption by Rock with MEA

Mahruqi, D. et al.  Successful Marmul Pilot with MEA, SPE (2021).



Alaska North Slope Reservoir Rock – 8 Times Less Alkali Loss 
with MEA

Southwick et. al. (2022) SPEJ



Alkali – Cosolvent Liquid Blend - Simplified Logistics

Southwick et al, SPE 200432 (2020)



Concept of No Water Softening w Marmul Reservoir Brine

Farsi, S. et al. SPE (2018)



3. Setting the Scene – SP Flooding (1980)



Prolific Development of Surfactants for EOR



Constant Salinity Formulation for Seawater



Constant Seawater Formulation Verified



4. Early Injection of Polymer Highly Desirable



History Match of Experiment (SPE 190271) ASP following WF or PF



Take Away Messages

1) Polymer Flooding is reliable and, in many cases, economically attractive.

2) Liquid Organic Amine Alkali significantly improves ASP economics for high acid 
number oils (facilities, logistics.  Possibility of using low-cost commodity 
surfactants.

3) New tailor-made surfactants greatly improve the performance and economics
of SP floods with available injection brines. 

4)  The time to implement chemical flooding projects is now. 



Acknowledgements


