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Presentation Outline
• Project Overview & Background & Scope

• Technical Progress & Status
– Robust Coatings for Deepwater Operations

• Mitigating Gas Hydrate & Other FA Solids Deposition

• Accomplishments to Date

• Lessons Learned & Synergies

• Project Summary 
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Project Overview

– Funding: DOE: $1,497,543 , Costshare: $374,386
– Overall Project Performance Dates: 3/2018 - 3/2022
– Project Participants

• CSM: Carolyn Koh, Marshall Pickarts, Jose Delgado
• Oceanit: Vinod Veedu, Erika Brown, Oceanit

– Overall Project Objectives
• Develop for field & commercial deployment robust pipeline 

coatings to mitigate hydrate & other solids deposition
– Multiphase flowloop evaluations in simulated field conditions & 

field test plans



Technology Background: 
Hydrates in Flow Assurance
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• Hydrate formation in oil/gas flowlines

• #1 problem in flow assurance

• Costly to prevent 

• Costly to remove

• Safety concern (pipe rupture, personnel 
fatalities/injuries, environmental hazards

Petrobras

Hydrates Cause Major Economic & Safety Risks 
During Energy Production & Transportation

 $1M/mile of  pipeline + 
$100M/year in THI chemicals

+
water

gas High P
Low T

+ Hydrate 
crystal 

Koh et al., Annual Reviews, 2011



Safety & Environmental Risks Due to Hydrate Plugs 
Fatalities & Injuries in the Field
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Koh, C. A. & J. Creek (2011)

Hydrate projectiles 
~270+ ft/s

Gas hydrates main cause for failed 
initial containment of Gulf oil spill



Motivation for Hydrate Deposition
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• Flowloop tests show agglomeration alone cannot account for 
large ΔP increase1

• ExxonMobil field trial suggests hydrate deposits caused 
majority of ΔP increases2

A Major Outstanding & Critical Flow Assurance Problem

Gas

Oil

Water

Water 
Entrainment

Hydrate 
Growth Agglomeration Plugging

Hydrate
Bed

Hydrate
Deposit

2. Lachance et al., Energy Fuels 2012

1. Majid, Koh et al., OTC 2017



Project Objectives to Address Key 
FA Technology Challenge
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• Hydrate-phobic coating system applied 
in-situ to existing (corroded) pipelines
– Tested up to 8000 psia, 400 F to -20 F

• Multiphase deposition flowloop
evaluations in simulated field conditions

• Investigations under simulated field 
conditions & field test plans

Develop for field & commercial deployment robust pipeline 
coatings to mitigate hydrate deposition in subsea oil flowlines 

Sloan & Koh, Clathrate Hydrates of 
Natural Gases, CRC Press, 2007



Project Scope: Flow Assurance Solids 
– Hydrates/Wax/Asphaltenes
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Hydrates

Waxes

Asphaltenes

Critical 
Parameters

• Pressure
• Temperature

• Temperature
• Composition

• Pressure
• Composition

Sloan & Koh, CRC Press, 2007; Slb.com
Guozhong and Gand. 2010. J. Pet. Sci. Eng.

Flow assurance solids can occur 
in several steps in subsea oil & 
gas production leading to severe 
safety and economic risks 



Project Organization and Milestones
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PROGRESS & CURRENT STATUS 
OF PROJECT
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Presenter
Presentation Notes
In this next section, results of crude oil and asphaltene deposition in a benchtop flow loop are presented.



CURRENT STATUS OF PROJECT
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Rocking cells     Cold Finger/Coupon    
Coupon/Loop

Flowloop

Uncoated Coated

Simulated field conditions

Presenter
Presentation Notes
In this next section, results of crude oil and asphaltene deposition in a benchtop flow loop are presented.



Optimized Omniphobic Coating 
for Commercialization

Corrosion Resistance
TreatedUntreated

Hydro- & Oleophobicity
Untreated w/ 

Water
Untreated w/ 

Oil

Treated w/ OilTreated w/ 
Water

Chemical Resistance

Initial Initial
120 

Days
120 

Days
120 

Days

Jet Fuel 
(JP8)

Kerosene Xylene

Initial

Coating Details

Application 
Properties

Erosion Resistance 
(ASTM G76)
Adhesion Test     
(ASTM D3359)
Wear Resistance 
(ASTM D4060)
Corrosion Resistance 
(ASTM B117 + D1654)

Method: Spray, Dip,  
Flood & Drain
Surface: Metals, 
Concretes, Composites
Thickness: ~100 μm

Water-Dispersible, Low Viscosity, Nano-Structured Polymer 
Topcoat Capable of In-Situ Application to Existing Materials
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Hydrate-Phobic Coatings Tests in 
Deposition Loop

Deposit Section:
Length: 225 in (5.72 m)
OD: 2 in (5.08 cm)
Volume:  2.68 gal (10.14 L)
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Hydrate Deposition Mitigated in Oil-
Dominated Systems
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Plugged, 8x, Øhyd ≈ 90%

Flowing, 3x, Øhyd ≈ 55%

• Deposition Loop - Hydrate mitigation with surface treatment 
 SS & Transient tests show no plugs with coating (6+ mo)
 Induction times delayed for oil/gas-dominated (up to 230+ h)
 Growth reduced by ~60+%



Asphaltene Deposition Mitigated in 
Oil-Dominated Systems
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No Deposit

Asphaltene Deposit



Wax Deposition Mitigation in Oil-
Dominated Systems
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Wax Deposition Loop Testing with Simulated GoM Wax Composition

Wax 
Sludge



Long-Term Coating Durability
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• 6+ Months High Pressure Testing
– ~3300 Operating Hours
– Solid Particle/Fluid Flow
– Pressure Cycles

No corrosion No delamination
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Pressurized

Cold Wall

DragXControl

Long-Term Coating Durability: 
ASTM Cold Wall & Pressurized Tests

ASTM D6943-15 C, ASTM D6943-15 B2 (seawater, toluene/kerosene) 
– significant protection by DragX (7 days)

Presenter
Presentation Notes
Atlas cell testing was conducted under both pressurized and cold wall conditions to test the material’s susceptibility to degradation under these conditions. For both the cold wall and the pressurized tests, the cells were filled approximately 1/3 with synthetic seawater and 1/3 with a 50/50 mix of toluene and kerosene as a hydrocarbon phase. The final section of the cell was pressurized with nitrogen at 300 psi for the pressurized test, and air at atmospheric pressure. The Atlas Cell high pressure tests were performed via ASTM D6943-15(2019) “Standard Practice for Immersion Testing of Industrial Protective Coatings and Linings” Method C for the pressurized exposure tests. Coupons were left for 7 days before depressurization and analysis. For the cold wall tests, ASTM D6943-15(2019) “Standard Practice for Immersion Testing of Industrial Protective Coatings and Linings” Method B2 was used. For these tests, the treated test section was the hot side, which was maintained at 65 °C, while the cold side was maintained at 10 ℃. 
 
Both the pressurized and cold wall tests showed significant protection of the underlying surface. Only minor corrosion on the pressurized coupon was observed, while some bubbling of the surface treatment and minor corrosion was observed in the aqueous phase for the cold wall coupon. This indicates that the temperature gradient may be inducing a driving force for water into the material, which may cause the coating to bubble as the water condenses. In some cases, corrosion was observed to form under the bubbled areas, but not in all cases. Therefore, it is suspected that the water may congregate between layers of material, or between the substrate and the material. Tests performed at CSM where delamination was observed indicate that the hydrate-resisting nature of the material is not compromised despite the delamination. Low voltage holiday detection performed on these cold wall samples after the testing also showed that the material was frequently (but not always) left completely intact despite the water intrusion.
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Surface Materials Properties & Mechanisms 
Contributing to Deposition & Mitigation

Rocking Cell

Interfacial
Tensiometer

Optical
Profilometer

•Surface 
Roughness 
(Mean)

•Surface Energy 
(OWRK, Schultz)

•Hydrate 
Induction, 
Growth, 
Deposition

Carbon Steel

Stainless Steel

PTFE

Copper

DragX

1. Effects of Surface 
Chemical 
Properties

2. Effects of Surface 
Physical 
Properties

3. Mechanism of 
Surface Treatment

Findings



In-Situ Application Development
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Untreated

DragX

Untreated DragX

• DragX can be applied in-situ to production lines via pigging
• Can also be applied to new pipes by spray, flush, or paint



21

Focused Towards Field Deployment 

Restart
Steady State Restart (DragX)

Field test plans – discussion with 
industry (May 5,6,18, June 2, 2021)

Simulated XoM field trial conditions 
to design field test 

3.2 km, 4” OD, 1200 psia



Project Summary
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• Hydrates, waxes, and asphaltenes are top flow assurance challenges
– Complex systems typically require site-specific solutions
– Significant safety & economic consequences result from incorrect practice

• Low surface energy, omniphobic surface treatments shown to 
mitigate deposition of multiple flow assurance solids
– Flowloop tests show deposition resistance in field-simulated conditions
– Nucleation & growth delayed in hydrate-forming system
– Application & survivability in field conditions show promise for lasting 

FA treatment & field test plan underway
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Appendix
– These slides will not be discussed during the presentation, but 

are mandatory.
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Project Organization for Deployment 
of Coatings
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Gant Chart
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Project Overview  
Goals and Objectives

Develop for field & commercial deployment robust pipeline 
coatings to mitigate deposition in subsea flowlines
• Deposition-resistant coating system can be applied in-situ to 

existing (corroded) pipelines

• Larger-scale multiphase deposition flowloop evaluations in 
simulated field conditions

• Investigations under simulated field conditions & field test plans



Coating Abrasion Resistance
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Optimized DragXTM formulation passes abrasion testing standard for internal 
pipeline coating materials. Typical Epoxy 70-85 mg loss/1000 cycles

Presenter
Presentation Notes
4inchx 4inch coupon
Mass loss for poor coating
6% loss



Coating Durability and Adhesion
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Novolac Epoxy Coated DragXTM Treatment

Crosscut tape test (ASTM D3359)

Knife adhesion test (ASTM D6677)

DragXTM shows no peeling, delamination or bubbling, even when 
subjected to direct cutting



Task 8 – In-Situ Application Method Development

• Subsea lines present unique challenges in-
situ

• Low temperature and high pressure 
compared to on shore conditions testing 
performed (Milestone C: In-situ Application)
– Low temperature curing showed slightly 

longer cure times
– Testing compared 1000 psi curing on a 

coupon to coupon cured at atmospheric
– No change in appearance, contact angle, 

durability
– Key is to measure dew point to determine 

cure

32

Atmospheric 1000 psi



Pipeline Fluids, Chemicals & 
Solvent Compatibility of Coatings
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• Flowline fluids: oil, water, brine, natural gas
• Chemicals/solvents: kerosene, xylene, JP8
• Compatibility testing up to 31 days



Technical Data
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Transient Flowloop Experiments: Consortium Comments & Questions 
Addressed

35

Comment/Question Answer

C
he

vr
on

How is wall deposit porosity calculated? Water Volume Balance
Vinput = Vflow + Vhydrate + Vdeposit

How does water wicking into deposit change with time? Wicking decreases with penetration 
depth (time)*

Is the decreasing flow a result of significant deposition on 
untreated surfaces?

Similar amounts of hydrate deposited 
in both cases, result of porous 
deposition

XO
M

What happens when there are multiple attempts at restart?
Performed for transient tests,
2-3 attempts before permanent 
plugging

Potential redistribution of hydrates is not captured Possible, but difficult due to fluid 
warming in non-cooled sections

M
ul

tiC
he

m Have you performed repeats for uncoated/ coated trials? Yes, 8x Uncoated, 3x Coated
Try to dissociate and reform in loop to see if results are the same? Procedure is to dissociate and reform
May consider including brine into system (slower hydrate growth & 
corrosion)

Don’t expect corrosion to occur, slow 
hydrate growth could be interesting

*Yang et al, 2019

Presenter
Presentation Notes
Based on those results, several consortium members issued comments and questions in the follow-up session, which I would like to quickly address. Chevron asked several question, which included how deposit porosity was calculated, the behavior of water wicking over time, and the cause of decreasing flowrates for untreated surfaces in the deposition loop trials. First, we calculate hydrate wall deposit porosity by performing a water volume balance on our system. We know the total amount of water we put into our system must be equal to the amount of water freely flowing with the oil, the amount consumed by hydrate, and the amount trapped within the hydrate deposit. Density readings and gas consumption allow us to estimate the first two. Since we record the amount of water placed in the system, we can then solve for the amount that is trapped within the hydrate deposit. From there, volume ratios allow us to calculate hydrate porosity assuming only water is present in the hydrate deposit. Next, studies have shown that wicking decreases with penetration depth, which in our case is analogous to time. Finally, the decreasing flow in the loop is the result of increased head on the pump from porous hydrate deposition. In both cases, similar volumes of hydrates deposited on the wall, but the untreated trials had significantly higher porosity. High porosity leads to a decreased unobstructed flow area leads to higher head on pump and ultimately leads to decreased pump flow rate.

Then Exxon asked what happens when there are multiple attempts at restart. I probably didn’t mention it last time, but this is how the transient experiments were performed. Throughout the test, flow would occasionally cease, the pump would be cycled off and on, and then flow would resume. This typically occurred 2-3 times per test before permanent plugging was observed. All reported plugging results occur when it was permanent. It was also mentioned that potential redistribution of hydrates was not captured during the experiments. This would refer to experiments where hydrates form, flow is stopped and the hydrate agglomerates settle, and then flow is resumed and we investigate the effects of redistribution as hydrates are lifted back into the fluid. This sort of test has not currently been performed in the deposition loop. While possible, it could be difficult, due to fluid warming in insulated, non-cooled sections of the loop.

Finally, Multichem asked whether repeats have been performed for uncoated/coated trials and if we have dissociated/reformed in the loop to see if the results were the same. The answers to these questions are yes, we have done 8 uncoated and 3 coated trials and the procedure was to dissociate and reform with the same materials. The results were repeatable with all uncoated trials plugging and all coated trials not. Lastly, there was the suggestion to include brine in the system for slower hydrate growth and corrosion effects. While I don’t expect corrosion to occur since the coating was developed to prevent this, slower hydrate growth could still be interesting.



36

Focused Towards Field Deployment
• Discussions held & will continue with Industry

champions to assess site and costs for deployment
• Potential sites: North Sea (Shell, Chrysaor, Premier Oil

etc), Gulf of Mexico
• Continue simulated XoM field trial pipe geometry and

conditions to aid subsequent experimental design

3.2 km, 4” OD, 1200 psia 7 days; transient: shut-in 1 day, 
restart 4 hrs ramp upRestart

Restart (DragX)
Steady State

Restart
Steady State Restart (DragX)



Wax Deposition Mitigated in Oil-
Dominated Systems
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Max. force recorded to remove cuvette/wax

Cold finger tests show wax deposition reduced by up to 55%
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Surface Materials Properties & 
Characterization

Investigating surface energy & roughness effects on hydrate formation 



Hydrate Deposition Mitigated in 
Oil-Dominated Systems
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Plugged, 8x, Øhyd ≈ 90%

Coated

Flowing, 3x, Øhyd ≈ 55%

Uncoated

Coated, 
Long Shut-In

Baseline

50% LL, 25% WC, 535 psig, 600 kg/hr, Tsubcooling = ~6oC

39

Sloughing 
Events

Flowloop transient tests show no plugs with coating (6+ mo)



Hydrate Deposition Mitigated in Oil-
Dominated Systems

40

• Deposition Loop: Induction times delayed for oil/gas-
dominated (up to 230+ h); Growth reduced by ~60+%

System
Surface 
Treat-
ment

Induction 
Time [h]

Tsub
[oC] Expt. Details

Oil-Dom.

N
10

~9

50% LL, 25% 

WC, 600 kg/hr, 

540 psia

24

Y

>110

>236

Gas-Dom.

N
5

~10
30% LL, 100% 

WC, 564 psia

12

Y
>120

>168
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