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Abstract

In this work, the potential for underground hydrogen storage in porous media, offshore Uruguay, is
assessed by identifying play elements and their competence. General conditions for geological
storage are similar to those of hydrocarbon accumulations: a stratigraphic, structural or mixed trap,
a suitable reservoir and an adequate seal to prevent fluids to escape from the trap. This analysis is
restricted to shallow waters of Punta del Este and Pelotas basins, where bottom fixed or floating
wind turbines could be placed for renewable energy generation. The main geological storage play
identified, consists of Late Cretaceous stratigraphic pinch-out traps of the postrift sequence,
composed by shoreline-shelf, estuary or delta sands, sealed by thick marine shales related to a
transgressive regional event in the Paleocene. The Late Cretaceous sequence can be observed on
seismic to pinch out in a shoreward direction against a basement high (Polonio). In addition, the
play shows lateral closure associated with differential compaction of sediments on depocenters,
located on both sides of the high, which generates gentle drape structures. Those structures appear
all along the shelf, in a NE-SW direction, from 50 up to 200 meters of water depth. In terms of
competence, nearby exploratory wells data evidence satisfactory properties for the potential
Cretaceous reservoirs with good porosity values. Moreover, the effectiveness of the Paleocene shale
seal, a key factor, is evidenced by the abrupt change in the fluid inclusions population detected in
the wells, comparing Cretaceous with Cenozoic sequences.
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Introduction

The offshore of Uruguay is located in the South Atlantic Ocean between 50° 00" and 55°60" west
longitude and 33°75’ and 37°80’ south latitude. Its exclusive economic zone extends up to 200
nautical miles, covering an area of approximately 125,000 km? with bathymetries up to 4000 m. No
hydrocarbon discoveries have been made yet, in an underexplored area with only three exploratory
wells drilled over 40 years. However, the continental shelf of Uruguay, in the context of the South
Atlantic Ocean, shows an interesting potential for the generation of renewable energy, taking into
account the high wind speeds and capacity factors (Global Wind Atlas, 2022), currents and solar
irradiance. In anticipation of a future global market for hydrogen, Uruguay, through its National Oil
Company is planning to tender offshore areas for the production of green hydrogen from offshore
renewable sources (Buljan, 2021). Moreover, from the perspective of a global energy transition, it
is expected that oil and gas companies take advantage of their offshore skills and gradually
incorporate the production of renewable and low carbon energies. On this framework, geological
and geophysical data from offshore oil and gas exploration, including 40,000 km of 2D, 43,000 km?
of 3D seismic, 130 seabed samples and metocean and environmental data, can be of value to
address various challenges, including the long-term storage of hydrogen.



Geological setting

The Uruguayan continental margin comprises three sedimentary basins: Punta del Este Basin to the
southwest, Pelotas Basin to the northeast and Oriental del Plata Basin, that develops in deep-waters
over oceanic crust. These basins were generated during the process of fragmentation of the
Gondwana supercontinent and later opening of the South Atlantic Ocean in the Late Jurassic-Early
Cretaceous. Punta del Este Basin has a funnel shape with a NW-SE trend, constituting a failed arm
(aulacogen) of the rifting process (Stoakes et al., 1991). The main features of this basin is the
development of large half-graben structures that, in some cases, reach thicknesses of more than 4
km. Pelotas Basin extends through offshore Uruguay and southern offshore Brazil with a NE-SW
trend, representing the flexural margin of the rifting process that evolved into a passive margin
(Conti et al., 2017). It is characterized by thick wedges of seaward dipping reflectors (SDRs) in its
central segment. Punta del Este and Pelotas basins developed over continental crust and are
separated from each other in shallow waters by a basement high, the so-called Polonio High, which
played an important role as sediment source area. In deep and ultra-deep waters these two basins
become a unique depositional setting, called Oriental del Plata Basin (Soto et al., 2011), that overlays
oceanic crust with a NE-SW orientation.

The evolution of these offshore sedimentary basins can be divided into three main tectonic phases
(Soto et al., 2011): a) Prerift phase (Pre-Jurassic deposits), represented by sedimentary and igneous
rocks deposited in the area previous to the breakup of Gondwana. This sequence includes Paleozoic
continental to marine sediments, as well as Proterozoic and older crystalline basement rocks), b)
Synrift phase (Late Jurassic-Early Cretaceous), constituted by volcanic rocks and continental
sediments deposited in grabens and half-grabens structures during the Gondwana fragmentation
process, and c) Postrift phase (Aptian to Present Day), corresponding to the sedimentation
associated with the development of marine conditions and eustatic changes. These three phases
are represented in Punta del Este and Pelotas basins while, Oriental del Plata basin infill is
constituted only by Cretaceous and Cenozoic postrift marine deposits.

Due to the fact that these are passive margin basins, the sedimentary package has suffered little
deformation, with most of the large faults associated to the synrift phase. For this reason, most of
the hydrocarbon traps that developed in these basins are of a stratigraphic origin.

Method

General conditions for geological storage are similar to such of hydrocarbon accumulations: a
stratigraphic, structural or mixed trap, a suitable reservoir and an adequate seal to prevent fluids to
escape from the trap. The seismic data acquired offshore Uruguay in the last 15 years allowed the
interpretation in detail of different sequences that compose the sedimentary infill of the basins and
also the identification of numerous hydrocarbons plays in the prerift, synrift and postrift sequences,
most of them associated with stratigraphic and mixed traps such as turbidites, submarine channels
and pinch-outs. More than 40 prospects, with varying size, volume, reservoir properties,
overburden, bathymetries and geological risk, have been mapped (Gristo, P. et al, 2021). By seismic-
stratigraphic analysis of the 2D and 3D data, and the geological data from wells, ANCAP identified
plays with specific characteristics that could potentially be used for geological storage.

The first criteria established to restrict suitable storage plays is related with bathymetry, only
selecting plays located in water depths below 200 meters. This analysis is restricted to shallow
waters of Punta del Este and Pelotas basins, taking into account the high wind speeds and capacity
factors of these regions (Global Wind Atlas, 2022), where bottom fixed or floating wind turbines
could be placed for the renewable energy generation, notwithstanding that floating technology



would allow large-scale renewable energy generation in deep water settings, in the near future
(DNV-GL, 2019).

The second criteria established is associated to the depth of the reservoir that should be over 1,500
m. According to Hassanpouryouzband et al. (2021), suitable offshore hydrogen storage reservoirs
should be at depths over 1500 m to ensure that hydrogen densities of 10 kg-m-3 are achieved. In
addition, the geological target should have good porosity and a high permeability to allow the
migration of the injected gas and pressure dissipation (Sainz-Garcia, 2017). For this reason, the
storage area should not be located at very high depths that could compromise the reservoir quality.
The third criteria is related to the efficiency of the seal and overall effectiveness of the trap. The
reservoir must have an impervious overlaying and lateral seal to prevent the upward migration of
hydrogen. Finally, the fourth criteria to select a suitable play is related to the volume of the prospect.
Accordingly, the reservoir must have a large potential capacity (hundreds of Mm3) to store the
produced hydrogen during seasonal periods. Additional information (e.g., core data) is required for
properly addressing some other challenges associated with underground storage of hydrogen such
as the interaction between H, with minerals and microorganisms of the reservoir and seal
(Reitenbach et al., 2015).

Results and discussion

Three different plays for geological storage of hydrogen were identified in shallow waters,
associated with the prerift, synrift and postrift sequences (figure 1). The main geological storage
play identified that meet the established criteria, consists of Late Cretaceous stratigraphic pinch-out
traps of the postrift sequence. This play is distributed over a large area of the continental shelf
(figure 1).
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Figure 1- Distribution of potential storage plays in shallow waters, offshore Uruguay.



The reservoir is composed by shoreline-shelf, estuary or delta sands, sealed by thick marine shales
related to a transgressive regional event in the Paleocene. The Late Cretaceous sequence can be
observed on seismic to pinch out in a shoreward direction (figure 2) against a basement high
(Polonio). In addition, the play shows lateral closure associated with differential compaction of
sediments over the Punta del Este and Pelotas depocenters, located on both sides of the high, which
generates gentle drape structures. This pinch-out play appear all along the shelf, in a NE-SW
orientation, in bathymetries ranging from 50 up to 200 meters at sediment depths between 1800
to 2000 meters. In terms of competence, nearby exploratory wells data (Lobo X-1 and Gaviotin X-1
wells) evidence satisfactory properties for the potential Cretaceous reservoirs with good porosity
values. Moreover, the effectiveness of the Paleocene shale seal, a key factor, is evidenced by the
abrupt change in the fluid inclusions population of oil and gas detected in the wells, comparing
Cretaceous with the Cenozoic sequences (Soto et al., 2016). Finally, the capacity of storage for some
of the leads associated to this play appear to be very large (thousands of Mm?3), taking into
consideration the extension and thickness of the reservoir. However, a volume estimation from a
selected prospect was not made for this particular study.
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Figure 2- Seismic section showing the Late Cretaceous pinch-out play.

Conclusions

A preliminary evaluation of the potential for geological storage of hydrogen was made in the
offshore basins of Uruguay, taking advantage of the knowledge and data, both geophysical and
geological, generated in the last 15 years of hydrocarbon exploration.

Based on different criteria including bathymetry, sediment depth, competence and capacity of the
reservoir, and trap and seal effectiveness, a candidate play was selected for potential geological
storage of hydrogen. This play is represented by a Cretaceous postrift sequence composed by
shoreline-shelf, estuary or delta sands located in shallow waters (below 200 m) of the continental
margin of Uruguay in a SW-NE direction. The trapping mechanisms consisting of stratigraphic pinch-
out sands over a basement high that develop drape structures, sealed by thick marine shales related
to a transgressive regional event in the Paleocene. This study is a first approach to the subject of
geological storage offshore Uruguay to identify potential play candidates. In a future work specific
leads and prospects for this particular play can be characterized in detail and an estimation of
storage capacity can be performed.



Acknowledgements
The authors would like to acknowledge ANCAP for the permission to use the data for this
contribution.

References

Buljan, A. (2021) Uruguay Unveils Offshore Wind-to-Hydrogen Plan, Drafts Timeline Towards
Tender. In: https://www.offshorewind.biz/2021/10/07/uruguay-unveils-offshore-wind-to-
hydrogen-plan-drafts-timeline-towards-tender/

Conti, B.; Perinotto, J.; Veroslavsky, G.; Castillo, M.B.; de Santa Ana, H.; Soto, M.; Morales, E. 2017.
Speculative petroleum systems of the southern Pelotas Basin, offshore Uruguay. Marine and
Petroleum Geology, Vol 83, Pp 1-25, https://doi.org/10.1016/j.marpetgeo.2017.02.022.

DNV-GL (2019) Offshore wind: the power to progress. Reflections and future insights

Global Wind Atlas (2022) Global Wind Atlas 3.0, a free, web-based application developed, owned
and operated by the Technical University of Denmark (DTU) released in partnership with the World
Bank Group, utilizing data provided by Vortex, funding provided by the Energy Sector Management
Assistance Program (ESMAP). https://globalwindatlas.info. https://globalwindatlas.info

Gristo, P.; Conti, B.; Rodriguez, P.; Novo, R.; Marmisolle, J.; de Santa Ana, H. 2021. Evaluacién de
Recursos Prospectivos de Petrdleo y Gas en Uruguay. Exploracién y Produccién, ANCAP. Primera
Versidn Espafiol. https://exploracionyproduccion.ancap.com.uy/innovaportal/file/9457/1/2021-
eyp-recursos-prospectivos_es.pdf

Hassanpouryouzband, A.; Joonaki, E.; Edlmann, K. & Haszeldine. R.S. 2021. Offshore Geological
Storage of Hydrogen: Is This Our Best Option to Achieve Net-Zero? ACS Energy Letters 2021 6 (6),
2181-2186. DOI: 10.1021/acsenergylett.1c00845

Reitenbach, V.; Ganzer, L.; Albrecht, D. & Hagemann, B. 2015. Influence of added hydrogen on
underground gas storage: a review of key issues. Environmental Earth Sciences, Vol. 73, No. 11, p.
6927-6937.

Sainz-Garcia, A; Abarca, E.; Rubi, V. & Grandia, F. 2017. Assessment of feasible strategies for seasonal
underground hydrogen storage in a saline aquifer. International Journal of Hydrogen Energy, Vol 42,
Issue 26, Pp 16657-16666, https://doi.org/10.1016/j.ijhydene.2017.05.076.

Soto, M.; Conti, B.; Gristo, P. & de Santa Ana, H. 2016. Direct Oil and Gas Evidences from Punta del
Este Basin, Offshore Uruguay: New Data from Fluid Inclusions. Search and Discovery Article N°
10833.

Stoakes, F. A.; Campbell, C. V.; Cass, R. & Ucha, N. 1991. Seismic stratigraphic analysis of the Punta
del Este Basin, offshore Uruguay, South America. Bulletin American Association of Petroleum
Geologists 75(2): 219-240.



