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1.  INTRODUCTION

As part of AGSO’s commitment to advancing exploration technology, the Petroleum and Marine Division has been conducting studies into the use of fluorescence signatures as a means of detecting, mapping and typing hydrocarbon seeps to their sources.  AGSO’s aim is to provide data that will allow sea surface hydrocarbon anomalies, detected during Airborne Laser Fluorosensor (ALF) surveys, to be correlated with oils and ultimately characterise the anomalies directly to their source.

This report concludes the second stage of AGSO’s ‘remote sensing’ multi-client study and comprises ultra-violet fluorescence (UVF) ‘surface maps’ of 60 open file western Australian oils.

This report is a stand alone product, with supplementary geological, spectroscopic and geochemical information for the oil set described herein, being presented in Part 1 of this study (Edwards et al., 1998).

2.
SAMPLES

The open file oils from western Australia analysed in this study were collected from petroleum wells, and comprise drill stem test (DST), repeat formation test (RFT) and production test (PT) samples.  The 60 UVF ‘surface maps’ produced for the oils in this study are a sub-set of the 120 oils analysed in Part 1.  Table 1 contains basic information about the oils analysed by UVF spectrometry and Figure 1 shows their geographic location.  More detailed geological and drilling information for the reservoired oils are presented in Table A2-1 in the Appendices.

3.
ULTRA-VIOLET FLUORESCENCE SPECTROMETRY METHODOLOGY

The three common laboratory methods of ultra-violet fluorescence (UVF) spectrometry are: scanning of the emission spectrum at a fixed excitation wavelength, as in ASTM method D 3650-93, synchronous excitation/emission spectrometry, as in the UNEP 1992 protocol, and excitation/emission surface mapping.

In this study excitation/emission surface mapping was carried out on 60 oils, diluted in n-hexane, using the multiscan methodology available with the Perkin Elmer LS 50B Luminescence Spectrometer.  The multiscan procedure involved the scanning of an oil’s emission spectrum between 280 and 420 nm in 0.5 nm steps at a rate of 40 nm/min for a range of excitation wavelengths.  An initial excitation wavelength of 210 nm was used, and increased in 2 nm increments until the final wavelength of 270 nm was reached.  The data for the 31 emission scans were then collated to produce a three-dimensional spectrum for each oil sample.

Table 1 Basic data for the 60 western Australian oils analysed by UVF.

Figure 1 Location of the western Australian oils analysed by UVF.

The oil to be analysed was dissolved in spectroquality grade n-hexane at precisely controlled concentrations ranging between 0.1 ppm and 10 ppm.  A stock solution of 0.2 mg/mL n-hexane was prepared by weight on a precision balance.  The oil was diluted to give a linear spectral response.  Routinely, 5 L aliquots of the stock solution were added sequentially to 2 mL n-hexane in the cuvette.  Appropriate cleaning procedures were used to prevent sample cross-contamination and pure solvent spectra were always checked in between each oil sample.

Excitation/emission surface mapping was performed on the diluted samples whose UVF emission spectra, obtained using a fixed excitation wavelength of 266 nm, had a maximum intensity in the range of 1-2 times the height of the Raman peak. As detailed in Appendix A1, the Perkin Elmer LS 50B Luminescence Spectrometer was operated in the single emission scan mode with the excitation monochromator set at 266 nm.  The oil samples were briefly irradiated with UV light scanned over the range from 280 to 500 nm at 0.5 nm intervals at a rate of 40 nm/minute.  Typically, the signal-to-noise ratio for fluorescence in this region was greater than 500:1.  The slit width was set at 2.5 nm for excitation monochromator and 5 nm for the emission monochromator.

A typical crude oil comprises a complex mixture of saturated hydrocarbons, aromatic hydrocarbons and polar compounds.  In an oil, it is the presence and amount of the different polycyclic aromatic compounds that define an oil’s characteristic fluorescence spectrum.  

Fluorescence, or light emission, in the near ultraviolet (200-400 nm) and the visible (400-700 nm) region of the electromagnetic spectrum, is caused by the absorption of UV electromagnetic radiation.  Pi (() electrons present in aromatic molecules, carbonyl groups and conjugated unsaturated systems, absorb UV radiation which results in the promotion of the electronic cloud from one energy orbital to a higher energy orbital.  When the system returns to the ground state, fluorescence radiation is emitted.  Electrons with sigma bonds, as found in saturated hydrocarbons (alkanes, including biomarkers) and simple alkenes do not show fluorescence between 200 and 700 nm when excited by UV radiation.

The UVF spectrum of an oil sample is highly dependent on the amount of oil in the solvent.  At low oil concentrations, between 0.1 and 10 ppm, the overall fluorescence intensity is proportional to the concentration of the oil and when normalised to the maximum peak intensity, the shape of the fluorescence spectrum does not change.  In this study, all analyses were carried out within this linear range to uniquely characterise the fluorescence spectra of the western Australian oils.

4.
RESULTS 

In this report, the UVF three-dimensional spectra for the 60 western Australian oils have been grouped by basin and sub-basin.  These data are presented as surface and contour maps, and are listed alphabetically in Appendix A2.

The UVF digital data are presented on CD in ascii format.  In addition, UVF surface maps of each oil have been collated for each basin in Microsoft Powerpoint presentations.
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APPENDIX A1: UVF ANALYTICAL METHODS

APPENDIX A1: UVF ANALYTICAL METHODS

A1.1 Solvent Checks
Any non-fluorescent organic solvent in which PAH solubility is high can be used for photospectrometry.  Typically, hexane, cyclohexane, methylcyclohexane, dichloromethane, methanol, ethanol and toluene are used.  In this report, spectroquality grade n-hexane (BDH HiPerSolv() was used with a measured density of 0.6608 Kg/L at 15.6 °C (60 °F).  The n-hexane to be used for dilution was first checked by gas chromatography for any impurities.  A sample of solvent from the stock bottle and a solvent concentrate, prepared by reducing 20 mL of n-hexane to 0.5 mL by vacuum rotary evaporation, were tested.  If impurities occurred, the solvent was distilled and re-analysed by gas chromatography.  The pure n-hexane was then tested for its contribution to the UVF signal.  A solvent blank accompanied each sample.  Spectroquality grade solvents for fluorescence analysis must have a fluorescence intensity of less than 2 % of the intensity of the maximum peak of the fluorescence generated by the sample with the same instrumental settings over the emission range used (ASTM D 3650-93).

A1.2 Sample Dilutions

Standard solutions were prepared from crude oils.  A stock solution of 0.2 mg/mL (20 g/mL) was prepared by weighing out 10 mg oil into a 50 mL volumetric flask and then adding 50 mL of pure n-hexane.  The stoppered flask was shaken vigorously and allowed to stand in a dark cold-room for 24 hours prior to analysis to ensure homogeneity. The sample was then diluted with solvent in the cuvette.  To 2 mL n-hexane in the cuvette was added a 5 L (0.001 mg) aliquot of the sample stock solution (0.2 mg/mL).  The sample in the cuvette was thoroughly mixed to ensure homogeneity.  Sequential 5 L aliquots of the sample stock solution was added until measurements at the required concentrations had been obtained.
A1.3 Standards

Response curves of fluorescence intensity versus concentration were generated for standard aromatic compounds and appropriate crude oils.  The oil #530, Jabiru-8A, is AGSO’s laboratory standard and is routinely run with each sample batch to monitor changes in fluorescence intensity at the maximum wavelength (Max Em = 321.9 ± 0.8 nm).  Calibration curves were constructed for selected oils and aromatic hydrocarbon standards by making a series of measurements of the fluorescence intensity of the sample at different concentration.  A linear relationship between the oil concentration and total fluorescence intensity is obtained if the solution is dilute, i.e. there is no inner filter effect.  There is a linear relationship between the sample concentration of fluorescent compounds and the intensity of the emitted light only within certain limits where the total absorbence of the sample is low (UNEP, 1992). 

If the absorbence exceeds 0.05 absorbence units (<95 % transmittance), the fluorescence intensity will be visibly reduced by the presence of any compound in the sample that can absorb either the excitation light or the emitted light.  At high concentrations, the inner filtering effect can be caused by the fluorescent compounds themselves.  

Another effect that may cause a decrease in fluorescence intensity is quenching.  This occurs when energy is transferred non-radiatively to co-existing molecules, or quenchers, in the sample rather than being emitted as fluorescence.  These molecules can be of the same or different chemical species as the fluorescing molecules. 

A1.4
Fluorometer Pretest

The signal-to-noise ratio was tested using an automated instrument verification test.  The 10 mm quartz cuvette was filled with purified water and the PE LS50 pretest sequence was run with the following instrument settings:

Excitation wavelength:
350.5 nm

Emission wavelength:
396.5 nm (expected Raman scattering peak for water 
for excitation @ 350.5 nm).

Scan speed
40 nm/minute

For the instrument checks to be passed the following criteria had to be met:

Raman peak for water
396.5 nm

Rayleigh scatter wavelength 1
350 ± 1.0 nm

Rayleigh scatter wavelength 2
550 ± 1.0 nm

The signal-to-noise ratio is greater than 500:1.

The ratio was between 600:1 and 700:1 for the oils analysed in this study.

A1.5 Instrumental Parameters

Instrument:
Perkin Elmer Fluorescence Spectrophotometer

Lamp:
Pulsed Xenon

Excitation slit:
2.5 nm

Emission slit:
5 nm

Cell:
10 mm (4 mL) quartz cuvette

Solvent: 
Spectroquality grade n-hexane

Sample concentration:
0.1 - 10 ppm in n-hexane

A1.6 Emission Scan Analysis

A fresh non-irradiated sample solution was used for each UVF spectral analysis.  The concentration of the initial oil sample solution was adjusted so that the wavelength of maximum emission intensity was approximately 1-2 times the height of the Raman peak when using an excitation wavelength of 266 nm.  The emission spectrum of the oil sample was scanned from 280 to 500 nm in 0.5 nm intervals using the emission monochromator scan rate of 40 nm/minute.  The UVF spectra for at least three different concentrations of the same oil were scanned, and the linearity of the fluorescence intensity versus concentration was monitored.  Only spectra falling within the linear region are presented.

A1.7 Multiscan Analysis

Multiple emission scans were performed on the diluted samples whose UV fluorecence spectra, obtained using an excitation wavelength of 266 nm, had a maximum intensity in the range of 1-2 times the height of the Raman peak.

The multiscan procedure involved the scanning of an oil’s emission spectrum between 280 and 420 nm in 0.5 nm steps at a rate of 40 nm/min for a range of excitation wavelengths.  An initial excitation wavelength of 210 nm was used, and increased in 2 nm increments until the final wavelength of 270 nm was reached.  The data for the 31 emission scans were then collated to produce an excitation/emission surface map for each oil sample.

APPENDIX A2: UVF SURFACE MAPS

Insert Table A2-1 Geological and drilling data for the 60 western Australian oils analysed.

Insert Table A2-1 Geological and drilling data for the 60 western Australian oils analysed (coninued).
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