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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 m?) 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 COz 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.
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CO, Storage and EOR Resource Assessment of the Cypress Sandstone Residual Oil Zone Play in the lllinois Basin
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Methodology: ROZ Identification and Mapping

Understanding petroleum migration into (e.g. Lewan et
al., 2002) and reservoir characteristics of the Cypress
Sandstone in the lllinois Basin (e.g. Webb et al., 2016)
provide the framework for identifying potential ROZs.
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Modified from: Lewan et al., 2002
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Followed Trentham and Melzer’s (2016) “cookbook”
approach to document and reinterpret existing data to
identify oil indicators used to explore for ROZs:
* Production or perforations

* Oil shows

« Core oil saturation

* Drill stem tests

Cypress Sandstone Regional Qil Indicators
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Production
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|dentification of oil indicators, especially in areas with no
associated production and within the thick sandstone

I fairway, guided the selectlon of wells for further analyses
. - oW - NY B

ndwebb2@illinois.edu, lllinois State Geological Survey, Prairie Research Institute, University of lllinois at Urbana-Champaign

Applied well log analysis to quantitatively determine the
thickness and saturation values of residual oil.
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Example well log analyses showing both greenfield (A) and
brownfield (B) ROZ development in the Cypress Sandstone.
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
track. A) Water saturation stabilizes at around 75% (25% oil
saturation) for the upper 70 feet of the reservoir, indicating

a thick greenfield ROZ. B) Water saturation is low (~25%)

in the top ~20 feet of the reservoir (the main pay zone), and
stabilizes at around 75% (25% oil saturation) for ~20 feet
below the MPZ, indicating a brownfield ROZ.

Results: ROZ Fairway and Prospects

Cypress Sandstone Well Log Analysis
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Above - Map showing results of well log analysis. Wells
with both MPZ and ROZ are shown in green dots, wells

with only ROZ are shown with yellow dots, and wells with

no indications of oil saturation are shown with red dots.
Below - Probability distribution function of median
residual oil saturation for 194 wells across the Basin that

contained a ROZ. Median (23%) and standard deviations

(16% and 30%) are shown with red lines.
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Cypress Sandstone ROZ Fairway
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Above - The Cypress Sandstone ROZ fairway (shaded
in brown) is defined as the area of the Basin that, based
on regional mapping and data analysis, has potential to
contain ROZ prospects. Map developed based on:

* Isopach map to define porous and permeable facies

* Isopach and structure maps guided spider map of
potential oil migration pathways

» Occurrence of oil indicators from well data (~18,000
wells with oil indicators) and well log analysis

Within the ROZ fairway, discreet ROZ prospects were

defined (Above Right)

» Prospects were delineated by grouping wells with
Cypress oil indicators with wells in which well log
analysis indicated a ROZ

» Structure and thickness maps were used to delineate
the boundaries of each potential prospect, where
appropriate; some prospects lack clearly defined
structural closure

* Regional isopach map was used for volumetric
calculations within each defined prospect (Right)
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Cypress Sandstone ROZ Prospects
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Above - Map of Cypress ROZ prospects, shown in
brown. ROZ fairway boundaries are outlined in black.
Below - CO,-EOR, Net Utilization, and Storage for ROZ
prospects. An asterisk (*) next to the prospect name
denotes prospects with ROZs that were shallower than
the 2,100 ft depth cutoff where the immiscible factors
were applied.

Prospect Dilin place COy-EOR Bbl per 10

MName (milkion Bbl; (million bbl)  acre well (million tonnes) (million bbl) acre well {million tonnes)
Scr = 23%)

Aden 348 a0 11,058 13 29 7954 224
Akin 2.0 0.2 4918 0.1 0.2 3,545 13
Akin Wast 38 04 5,806 0.1 03 4241 b
Barnhill-

Golden Gate 104.1 1.9 8,850 £ 85 6,366 670
Benton South 6.4 07 33m 0.2 0s 2374 a1
Bible Grove 46.6 5.3 5415 L7 38 3,895 300
Bungay 6.4 3.0 8,411 10 22 6,050 170
Calhoun 52.0 5.9 25,501 18 4.3 18,343 334
Clay Gty 1208 3.8 4,935 44 9.9 3,549 L
Cumberland 56.4 6.4 21,194 2.0 46 15,245 363
Dale 244 2.8 4,381 0.9 20 3151 157
Divide L6 36 7.162 1.1 2.6 5,152 03
Effingham® 49.9 27 2,124 04 27 1mn 0
Ewing 8.7 1.0 9,010 0.3 0.7 6,481 56
Kenner West 6.4 0.7 11,546 0.2 0.5 8305 a1
Mt. Erie 299.6 3.2 10,141 109 246 7,295 1,927
Newton 240.6 a4 8961 8.7 19.7 6,446 1,548
Noble 56.6 6.5 5351 2 4.6 3,878 364
Patoka® 2.0 0.1 3,490 00 0.1 3,490 o
Rural Hill 29.2 33 12,226 11 24 8,794 188
Sailor Springs 202 23 2,909 0.7 1.7 2,093 130
Sallor Springs

w 219.2 5.0 8,182 80 18.0 5,885 1,410
Sesser a3 0.4 14,808 01 0.3 10,652 2
Sesser North 85 10 21,433 0.3 0.7 15417 55
St James® 158.1 B 5491 1.3 8.6 486 0
‘West Liberty 169.2 19.3 7178 6.1 13.9 5,163 1,088
Whittingtan 465 5.4 8,074 17 38 5,807 302

Totals 1,8287 195.8 604 1841 10,406.1

mn
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Conclusions: Future Work: Continued Research on lllinois Basin ROZs
Cypress Sandstone Resource Assessment ROZ validation and screening for lllinois Basin Stratigraphy
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