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Subsea Oil-in-Water Measurements
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'H Nuclear Magnetic Resonance (NMR)
Basic theory
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MRI = NMR Imaging

t4
! ’j[ IH NMR
»--‘ Measurement of the magnetic

moment of hydrogen nuclei (1H)

l

Petroleum Hydrocarbons




'H NMR Spectroscopy

Quantitative Analysis
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Low field benchtop *H NMR

Characteristics for PW analysis
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» Low-field = reasonably priced (<$100k),
compact, mobile

Non-destructive
Non-optical
Dissolved and dispersed olls

Self-calibrating If internal reference
present
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Solid-phase extraction (SPE)

Motivation and procedure
Extraction from aqueous Transfer into suitable
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- Low selectivity
- Non-polar, hydrophobic interactions

- Aqueous samples

3) Elution
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Solid-phase extraction (SPE)

Solvent for elution & NMR measurement
3) Elution:
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Proof-of-concept
H,O contaminated with crude oil
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Field trial — Onshore gas plant
Self-contained transportable from Perth to Karratha
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Sampling location: Oily Water Tank
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Field trial — Onshore gas plant
Results — Daily averages

oil concentration / ppm
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Field trial — Onshore gas plant
Comparison with independent laboratory
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Field trial — Onshore gas plant
Summary

v" No faults
v' 36 hours continuous operation
v NMR operates outside laboratory
v Good agreement with

v Independent measurements

v Industry standard — Horiba
measurement




Aromatic / aliphatic quantification
Approach for separate quantification

Toluene in PCE + CHCI; solvent
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Aromatic / aliphatic quantification

Approach for separate quantification
0.175% HMDSO
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Contamination added:

+ 860 ppm toluene
+ 730 ppm decane
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H,O contaminated with toluene & oil
NMR vs GC-FID

Separation aromatics & aliphatics
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Conclusions & future work

v' Proof-of-concept SPE-NMR for OiW measurements

v Low maintenance measurement procedure
v' Self-calibrated
v" Non-optical
v' SPE cartridges recyclable
v' Solvent reusable
v Readily automated

Quantification of aromatics and aliphatics

Semi-automated prototype successfully trialled on an onshore gas
plant

AN

» Development into fully automated prototype
» Maximizing life-time of prototype
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