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Theory / Method / Workflow

The aim of this study was to evaluate reservoir continuity and filling history of the mature oilfield
using innovative oil geochemical fingerprinting technology and chemometrics on produced
oils from new step-out wells, taking into account oil alteration due to WAG and CO2 flood
operations. The oilfield located in Abu Dhabi is a stratigraphic anticlinal accumulation hosted
by multiple stacked pay zones, separated by a major fault. Recently, step-out appraisal wells
were drilled up-dip to the northwest to assess contingent resources potentially trapped against
the fault and into a downdip fringe resource to the southwest of the main field

Samples were analyzed for molecular geochemical fingerprints (GCMS, HRGC, isotopes)
and statistically assessed (PCA and HCA) for reservoir continuity and charge history. The
northwest (Well A) and southwest (Well B) step-out areas, crest and southwest of the main field
(across the minor fault from Well B), and additional wells across the main field were sampled
from production separators. Two scenarios were considered: Light HC compounds affected by
WAG (nC8-nC19) and those likely unaffected (nC11-nC20). All samples were moderate
maturity oils, showing evidence of WAG/CO2 operation alteration, production fractionation,
and variability in thermal maturity. Long-term WAG had stripped lighter hydrocarbons, so these
assessments were limited to C11-C20 inter-paraffin peaks.

Results, Observations, Conclusions

HRGC, GCMS, and isotope data indicate that all oils are genetically similar, with marginally
higher thermal maturity observed in crestal wells compared to the rest of the main field oils.
Southwestern oils exhibit notably lower thermal maturity and greater alteration due to WAG
operations, likely attributable to thinning of pay and proximity to the FWL. Well A oil displays
slightly lower maturity than the oil from the nearest well in the main field, indicating a potential fill
and spill scenario up-dip. Similarly, Well B oil is less mature than the southwestern oils nearby,
confirming fill-and-spill and more substantial alteration. The vertical compositional grading and
maturity variations of genetically similar oils suggest charge stacking and incomplete vertical
fluid equilibration across the field. However, Well A and B oils do not show hydraulic
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connectivity to the main field reservoirs to the east. Main field and nearby fields are considered
compositionally homogeneous and laterally connected, representing "classic" conventional
petroleum accumulations. The compositional grading identified statistically in the geochemical
fingerprints of this study has assisted to define both geological controls on fluid quality and the
effects of enhanced oil recovery.

Novel/Additive Information

Compositional variations and compartmentalization in the Rumaitha field were linked to geological
and operational processes through simple and cost-effective geochemical analysis. This study's
findings enhance exploration, resource recovery, and well planning. Integrating geochemical data
with geological models benefits exploration and field development throughout a field's life cycle

Acknowledgements

We would like to acknowledge the Field Operators for their support and permission to publish this
work

References

Bjorgy, M., Hall, P. B., & Moe, R. P., 1994, Variation in the isotopic composition of single components in
the C4—C20 fraction of oils and condensates. Organic Geochemistry, 21(6-7), p. 761-776.

Boehm, P. D., J. E. Barak, D. L. Fiest, A. A. Elskus., 1982, A chemical investigation of the transport and
fate of petroleum hydrocarbons in littoral and benthic environments: The TSESIS oil spill: Marine
Environmental Research 6(3), p. 157-188.

D'Auria, M., L. Emanuele, R. Racioppi, V. Velluzzi, 2009, Photochemical degradation of crude oil:
Comparison between direct irradiation, photocatalysis, and photocatalysis on zeolite: Journal of
Hazardous Materials, 164(1), p. 32—-38

Edman, J. D., and M. K. Burk, 1999, Geochemistry in an integrated study of reservoir
compartmentalization at Ewing Bank 873, Offshore Gulf of Mexico: SPE Paper No.57470.

England, W. A., A. H. Muggeridge, P. J. Clifford, and Z. Tang, 1995, Modelling density-driven mixing rates
in petroleum reservoirs on geological time-scales, with application to the detection of barriers in the
Forties, Filed (UKCS), in J. M. Cubbit, and W. A. England, eds., The Geochemistry of Reservoirs,
Geological Society Special Publication No. 86. The Geological Society of London, U.K., p. 185-201.

Freeman, K., J. Hayes, J. M. Trendel, 1990, Evidence from carbon isotope measurements for diverse
origins of sedimentary hydrocarbons: Nature 343, p. 254-256.

Garcia de Oteyza, T. J. O. Grimalt, 2006, GC and GC—MS characterization of crude oil transformation in
sediments and microbial mat samples after the 1991 oil spill in the Saudi Arabian Gulf coast:
Environmental Pollution 139(3), p. 523-531

Garrett, R. M., . J. Pickering, C. E. Haith, R. C. Prince, 1998, Photo-oxidation of crude oils: Environmental
Science and Technology 32, p. 3719-3723.

GeoConvention 2025



ADNOC Classification: Internal

y¥) geoconvention

Calgary - Canada - May 12-14

Halpern, H. I., 1995, Development and Applications of Light-Hydrocarbon-Based Star Diagrams: AAPG
Bulletin, 79, p. 801-815.

Hayes, J. M., K. H. Freeman, B. N. Popp, C. H. Hoham, 1990, Compound-specific isotopic analyses: A
novel tool for reconstruction of ancient biogeochemical processes: Organic Geochemistry, 16(4-6) p.
1115-1128.

Holba, A. G., R. L. Bone, B. J. Huizinga, J. R. Vasquez, and S. M. Stokes, 2014, Petroleum-fluid property
prediction from gas chromatographic analysis of rock extracts or fluid samples, U.S. Patent
PCT/US2013/053461, International Publication Number WO 2014/022794 A2, 33p.

Hwang, R. J., Ahmed A. S. and Moldowan J. M., 1994, Oil composition variation and reservoir continuity:
Unity Field, Sudan: Organic Geochemistry 21(2), p. 171-188.

Hwang, R. J. and Baskin D. K., 1994, Reservoir connectivity and oil homogeneity in a large-scale reservoir.
Middle East Petroleum Geoscience Geo 942, 529-541.

Kaufman, R. L., Ahmed A. S. and Elsinger R. J., 1990, Gas Chromatography as a development and
production tool for fingerprinting oils from individual reservoirs: applications in the Gulf of Mexico. In:
Proceedings of the 9th Annual Research Conference of the Society of Economic Paleontologists and
Mineralogists. (D. Schumaker and B. F. Perkins, Ed.), New Orleans. p. 263-282.

Kaufman, R. L., H. Dashti, C. S. Kabir, J. M. Pederson, M. S. Moon, R. Quttainah, and H. Al-Wael, 1997,
Characterizing the greater Burgan Field: Use of geochemistry and oil fingerprinting: SPE Paper No.
37803, p. 385-394.

Lindberg, F. A., A. S. Ahmed, and D. C. T. Bluhm, 1990, The role of oil-to-oil correlation in the
development of the Safah field (abstract): AAPG Bulletin, 74, p. 705.

Mansuy, L., R. P. Philp, and J. Allen, 1997, Source identification of oil spills based on the isotopic
composition of individual components in weathered oil samples. Environmental science & technology,
31(11), p. 3417-3425.

Masterson, W. D., A. G. Holba, and L. I. P. Dzou, 1997, Filling history of America's two largest oil fields:
Prudhoe Bay and Kuparuk, North Slope, Alaska: Presented at Annual Meeting AAPG, Dallas, Texas, April
6-9, 1997.

Mazeas, L., H. Budzinski, and N. Raymond, 2002, Absence of stable carbon isotope fractionation of
saturated and polycyclic aromatic hydrocarbons during aerobic bacterial biodegradation, Organic
Geochemistry, 33, p. 1259-1272.

Nederlof, P. J., M. A. Gijsen, and M. A. Doyle, 1994, Application of reservoir geochemistry to field
appraisal, in M. I. Al-Husseini, ed., The Middle East Petroleum Geosciences Geo'94, vol. 2. GulfPetrolink,
Bahrain, p. 709-722.

Nederlof, P. J. R., F. M. van der Veen, and G. A. van den Bos, 1995, Application of reservoir geochemistry
in Oman, in J. O. Grimalt, and C. Dorronsoro, eds., Organic Geochemistry: Developments and
Applications to Energy, Climate, Environment and Human History. Selected Papers from the 17th
International Meeting on Organic Geochemistry, Donostia-San Sebastian, The Basque Country, Spain:
San Sebastian, AIGOA, p. 329-331.

GeoConvention 2025



ADNOC Classification: Internal

y¥) geoconvention

Calgary - Canada - May 12-14

Noyau, A., P. Chavagnac, E. W. Tegelaar, and F. Daugas, 1997, Reservoir characterization applying
geochemical techniques: Case study from Yemen, Paper No. 37703: SPE.

Pedentchouk, N., and C. Turich (2017). Carbon and hydrogen isotopic compositions of n-alkanes as a tool
in petroleum exploration. Geological Society Special Publication, Special Publications, [468].
https://doi.org/10.1144/SP468..

Peters, K. E. and J. M. Moldowan, 1993, The Biomarker Guide. Interpreting Molecular Fossils in
Petroleum and Ancient Sediments. Prentice Hall, New Jersey.

Ross, L. M., and R. L. Ames, 1988, Stratification of oils in Columbus Basin off Trinidad: Oil & Gas J., Sept.
26 issue, p. 72-76.

Slentz, L. W., 1981, Geochemistry of reservoir fluids as unique approach to optimum reservoir
management. SPE #9582. Presented at Middle East Qil Technical Conference, Manama, Baharain.

Smalley, P. C., and W. A. England, 1992, Assessing reservoir compartmentalization during field appraisal:
How geochemistry can help: SPE Paper No. 25005, p. 423-431.

Smalley, P. C., and W. A. England, 1994, Reservoir compartmentalization assessed with fluid
compositional data: SPE Res. Eng., August, p. 175-180.

Smalley, P. C., and N. A. Hale, 1996, Early identification of reservoir compartmentalization by combining
a range of conventional and novel data types, SPE Paper No. 30533. Stainforth, J., 2004, New insights
into reservoir filling and mixing processes. In. Geological Society London Special Publications 237(1),
p.115-132.

Sundararaman, P., B. A. Patterson, and O. T. Udo, 1995, Reservoir geochemistry: applications and case
studies in Nigeria, in J. O. Grimalt, and C. Dorronsoro, eds., Organic Geochemistry: Developments and
Applications to Energy, Climate, Environment and Human History. Selected Papers from the 17th
International Meeting on Organic Geochemistry, Donostia-San Sebastian, Basque Country, Spain: San
Sebastian, AIGOA, p. 369-371.

Thompson, K. F. M., 1987, Fractionated aromatic petroleum and the generation of gas-condensates.
Org. Geochem. 11 (6), pp. 573-590.

Wang, Z., Fingas, M., Page, D. S., 1999. Oil spill identification. Journal of Chromatography A, 843. 369—
411.

Wang, Z., Fingas, M., Sigouin, L., 2001. Characterization and identification of a "mystery" oil spill from
Quebec (1999). Journal of Chromatography A, 909, 155-169.

Wang, Z., Hollebone, B. P., Fingas, M., Fieldhouse, B., Sigouin, L., Landriault, M., Smith, P., Noonan, J.,
Thouin, G., Weaver, J. W., 2003. Characteristics of spilled oils, fuels, and petroleum products: 1.
Composition and properties of selected oils. USEPA Publication 290.

Weissenburger, K. S. and T. Borbas, 2004, Fluid properties, phase and compartmentalization: Magnolia
Field Case Study, deep water Gulf of Mexico, USA. In: Cubitt, J. M., England, W. A., and Larter, S. R. (eds).
2004. Understanding Petroleum Reservoirs: Toward and Integrated Reservoir Engineering and
Geochemical approach, GSL Speical Publication 237, p. 231-255.

GeoConvention 2025


https://doi.org/10.1144/SP468

ADNOC Classification: Internal

yy) 9eoconvention

Calgary - Canada - May 12-14 25

Westrich, J. T., P. O. Knigge, A. N. Feux, and H. I. Halpern, 1996, Evaluating reservoir architecture in the
northern Gulf of Mexico using oil and gas chemistry: SPE Paper No. 36541, p. 513-519.

Westrich, J. T., A. M. Fuex, P. M. O'Neal, and H. I. Halpern, 1999, Evaluating Reservoir Architecture in the
Northern Gulf of Mexico with Oil and Gas Chemistry: SPE Paper No. 59518.

GeoConvention 2025



