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Abstract 

 

Residual Oil Zones (ROZs) are volumes of rock in which oil accumulated and was later naturally displaced by encroaching water, leaving 

residual oil saturation in the range of 20% to 40%. Carbon dioxide enhanced oil recovery (CO2-EOR) is used to recover oil from known thick 

carbonate ROZs in the Permian Basin. In other basins, ROZs are not recognized or are ill-defined. Due to the technical and economic 

limitations of recovering oil at residual saturation to water, there have been few attempts at ROZ production. Therefore, a challenge in ROZ 

resource assessment is identifying ROZs and quantifying the oil in place. In addition to the economic benefit of oil production via CO2-EOR, 

ROZs have the potential for associated CO2 storage. In the Illinois Basin, an ROZ play has been identified in the Mississippian Cypress 

Sandstone. The results of the resource assessment of the Cypress ROZ play is presented. 

 

The Cypress Sandstone includes a fairway of thick (up to 175 ft (53 m)) multistory fluvial sandstones that are laterally continuous and 

vertically amalgamated with high porosity and permeability. Regional correlation and mapping using log data from 4,500 wells provided the 

basis for a net-sandstone isopach map. Conventional core analysis and porosity log data from ~2,000 wells were combined with the isopach 

map to generate an isoporosity map. Based on these maps, the thick Cypress fairway covers ~1.9 million acres and contains ~1 million acre-ft 

(1 billion m3) of pore volume. 

 

To identify the oil saturation distribution in the fairway, the Illinois State Geological Survey oil field database was searched for ROZ indicators 

(e.g. oil shows, core saturation). The Cypress ROZ play was delineated by 18,000 wells with ROZ indicators. To quantify the oil in place, 200 

well logs were analyzed, providing thickness and saturation data to constrain the locations of ROZs prospects within the play. Using the 

median residual oil saturation from well log analysis of 23%, an estimated 1.7 billion barrels of oil in place is contained within the prospects, of 

which up to 168 million barrels is estimated to be recoverable using a continuous CO2 flood EOR factor of 9.9% assuming miscible conditions. 

Associated CO2 storage in the ROZs, not accounting for main pay zones or underlying brine aquifers, is estimated to be 7.6 billion tonnes, 

http://www.searchanddiscovery.com/documents/2016/10859webb/ndx_webb.pdf
http://www.searchanddiscovery.com/documents/2016/10859webb/ndx_webb.pdf


assuming 45 tonnes/1000 barrels. This resource assessment demonstrates the potential of the Cypress ROZ play for CO2-EOR and associated 

storage. 

 

 



Abstract

Residual Oil Zones (ROZs) are volumes of rock in which 
oil accumulated and was later naturally displaced by 
encroaching water, leaving residual oil saturation in the 
range of 20 to 40%. Carbon dioxide enhanced oil recovery 
(CO2-EOR) is used to recover oil from known thick 
carbonate ROZs in the Permian Basin. In other basins, 
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technical and economic limitations of recovering oil at 
residual saturation to water, there have been few attempts 
at ROZ production. Therefore, a challenge in ROZ 
resource assessment is identifying ROZs and quantifying 
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production via CO2-EOR, ROZs have the potential for 
associated CO2 storage. In the Illinois Basin, an ROZ 
����������		
���	
���	���
���	�������������
�!���	���
Sandstone. The results of the resource assessment of the 
Cypress ROZ play will be presented.
The Cypress Sandstone includes a fairway of thick (up to 
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continuous and vertically amalgamated with high porosity 
and permeability. Regional correlation and mapping using 
log data from 4,500 wells provided the basis for a net-
sandstone isopach map. Conventional core analysis and 
porosity log data from ~2,000 wells were combined with 
the isopach map to generate an isoporosity map. Based 
on these maps, the thick Cypress fairway covers ~1.9 
million acres (0.8 million hectare) and contains ~1 million 
acre-ft (1 billion m3) of pore volume.
To identify the oil saturation distribution in the fairway, 
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was searched for ROZ indicators (e.g. oil shows, core 
saturation). The Cypress ROZ play was delineated by 
18,000 wells with ROZ indicators. To quantify the oil in 
place, 200 well logs were analyzed, providing thickness 
and saturation data to constrain the locations of ROZs 
prospects within the play. Using the median residual oil 
saturation from well log analysis of 23%, an estimated 
1.8 billion barrels of oil in place is contained within the 
prospects, of which up to 196 million barrels is estimated 
to be recoverable using an 80-acre blanket WAG CO2
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Associated CO2 storage in the ROZs, not accounting for 
main pay zones or underlying brine aquifers, is estimated 
to be 10.4 billion tonnes. This resource assessment 
demonstrates the potential of the Cypress ROZ play for 
CO2-EOR and associated storage.

Motivation
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carbon negative oil production via CO2-EOR
and geologic storage in a siliciclastic ROZ
• Objectives of this four-year study include:

@�Characterizing geology of CO2-EOR
target Cypress Sandstone
@� Identifying ROZs via direct and indirect 
oil indicators
@��	1	����
����!�2-EOR and storage 
strategy for the regional resource based 
on detailed case studies

Background and Study Area

Cypress Sandstone (Upper Mississippian) of the Illinois Basin

Above - Stratigraphic column 
���D�
��F��	��������������
�
stratigraphy of Illinois Basin
Below - Interpretive framework 
for deposition of thick Cypress 
Sandstone within incised valleys in 
the central Illinois Basin

Residual Oil Zones (ROZs)
• Formed as a result of natural 
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• Same characteristics as swept 
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• Permian Basin examples
@�15% to 35% So 
@�10% to 20% can be 
recovered by CO2-EOR
@�Scale and saturations could 
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Sandstone of the Illinois Basin
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• Oil production (green dots) 

dominantly from sandstone lenses
• Thick Cypress Sandstone reservoirs 

are an under-produced resource 
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above thick (100+ feet) brine 
aquifers
@�Water coning issues hamper  oil 
production attempts

• X��
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underlying residual oil zones (ROZs)

@�Porous and permeabile 
fairway may have been naturally 
D��	�/���	��

• <������	
������
��M��[�����D����
high net CO2 utilization

• Saline storage potential of 3.5 to 
40.2 Tcf (0.2 to 2.3 Gt) of CO2 in the 
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Thick Sandstone

See cross 
section below
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Gamma-ray log shown in left track, resistivity log shown in 
left-center track, neutron-density porosity log shown in right-
center track, and calculated water saturation shown in right 
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thickness and saturation values of residual oil.
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approach to document and reinterpret existing data to 
�����/�	���	���#�����	&���	��	�������	/��	����B
• Production or perforations
• ���	���
�
• Core oil saturation
• Drill stem tests
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associated production and within the thick sandstone 
fairway, guided the selection of wells for further analyses.
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on regional mapping and data analysis, has potential to 
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• Isopach and structure maps guided spider map of 

potential oil migration pathways
• �##&���#�	�/	���	���#�����	/���	
���	����	�39H1000	


����	
���	���	���#������	��	
���	���	�������		
%����	���	���	/���
��1	���#����	���	������#��	
���	
�����	������	������
• Prospects were delineated by grouping wells with 

Cypress oil indicators with wells in which well log 
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• Structure and thickness maps were used to delineate 
the boundaries of each potential prospect, where 
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structural closure

• Regional isopach map was used for volumetric 
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no indications of oil saturation are shown with red dots.
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were applied.
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Future Work: Continued Research on Illinois Basin ROZs
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• Preliminary estimate of oil in place for all 
ROZ prospects

��Oil in place may or may not be 
technically recoverable
��ROZ fairway likely contains oil beyond 
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here

• Based on well log analysis, the median So 
within Cypress ROZs is 23%, with +/- one 
standard deviation of 16% and 30% 

• MGSC (2005) estimated the total original oil 
in place for Cypress Sandstone main pay 
zones in the Illinois Basin to be 2.65 billion 
barrels
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an additional 49% to 91% to oil in place 
values for the Cypress Sandstone

Cypress Sandstone Resource Assessment ROZ validation and screening for 
other ROZ and stacked CO2-EOR and 
associated storage opportunities

Conclusions:

• Conduct additional well log analyses to 
��������������������

��Spatial distribution of Cypress ROZ 
fairway and prospects
��ROZ thickness, porosity, and 
saturation
��Volumetric estimates of oil in place

• Apply CO2-EOR and storage factors 
based on reservoir simulations 
and published results to determine 
economic viability of the ROZ play

• Drill a new well and collect fresh core 
through the Cypress in the Noble ROZ 
Prospect to validate thickness and 
saturation estimations

• Expand analyses to include other Illinois 
Basin formations with potential to host 
ROZs (Right)


