At ana LW

!
- Panging Gao, Charles D. Gorecki, Jason R. Braunberger, Robert C.L. Klenner, Scott C. Ayash, Edward N. Steadman, and John A. Harju

: » - _ B e ——  — —— ® L
"'\ Ene iror . ' —- RS
’," . ym’m =3 L "1 - ,'_
e 2 !,1154North 23fd'9tree?,~5top‘§q18 N s ' A s T
" Grand Forks, North Dakota 58202-9018 P - S T
! ¥ PAN Ah s A\ ! 4 _ flaV iy . '
. J o8 0 figha 0. » 424817, v L }

Abstract

One of the Plains CO, Reduction (PCOR) Partnership’s key demonstration activities is working with Apache
Canada on the Zama Acid Gas Project. Apache is currently injecting acid gas (Carbon Dioxide [CO,] and
hydrogen sulfide [H,S]) into six pinnacle reefs in the Zama Field in northwestern Alberta, Canada. In
addition, there are more than 600 carbonate pinnacle reefs in the Zama Field, with documented estimates
of original oil in place exceeding 1 million barrels each. This project aims to better understand the injection
and long-term storage of acid gas and the enhanced oil recovery (EOR) potential in the active acid gas
injection pinnacles and to better understand and predict the EOR and storage potential in the Zama Field
and other pinnacles worldwide.

A rigorous methodology of characterizing the six pinnacle reservoirs with the aim of better understanding
the potential for acid gas injection for EOR and CO, storage potential was developed. A detailed fluid
model was constructed that accounted for the effects of H,S and gas liberation on minimum miscibility
pressure. Reservoir simulation models were constructed to investigate optimization of EOR potential and
estimate CO, storage capacity under various scenarios. The models were history-matched, and several
predictive scenarios were run, focusing on both oil recovery and CO, storage.

These efforts show promise to successfully conduct tertiary oil recovery at pinnacle reefs of the Zama
area and store greenhouse gas in pinnacle structures. Furthermore, the research demonstrates a robust
evaluation methodology for similar projects in pinnacle reefs and demonstrates the global potential for
these types of reservoirs for EOR and CO, storage.
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Dynamic Modeling for CO, EOR and Storage Potential

Initial Oil Saturation

CO, Utilization and Incremental Recovery Factors
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Summary

This investigation of the geologic storage of CO, in the Zama pinnacles was focused on acid gas injection
in partially depleted hydrocarbon reservoirs for the purpose of simultaneous EOR, acid gas disposal,

and CO, storage. The feasibility of using existing wells as storage sites and the potential risks and

factors related to the degradation of the cap rock in long-term storage were examined. High-resolution
geocelluar models for the F, G2G, and Muskeg L pools were constructed.

Each model was history-matched to production data, and estimates for EOR and storage efficiencies
were made. Dynamic injection simulations were conducted, with multiple scenarios developed to
investigate using these pinnacles for CO, storage and to provide information for EOR program design and
optimization. The simulation work also allowed for the extrapolation of potential oil recovery and CO,
storage efficiency in other Zama pinnacles. The results of these efforts indicate that the combination of
EOR, acid gas disposal, and CO, storage can be successfully conducted in the pinnacles in the Zama area,
and this approach could be applied to similar pinnacle reef structures in other geologic formations.
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