
30 29

11 12

26 25

31 32
35 36

6 5

7 8

2 1

7 20163

20171

174

20205

20214

20285

20297

20299

20333

20357

20373

88

99

20401

20700

20732

20815

20844

20869

20890

20894

20902

934

20951

21051

21117

21204

21218

21220

21243

21260

21262

21263

21264

21296

21299

21310

213

21323

21326

21331

21332

21334

21335

21356

21360

21361

21372

21374

21383

21403

21418

21438

21464

21466

21467

21474

21475

21476

21482

21483
21504

21510

21512

21530

21531

21532

21533

21534

21535

21536

21537

21538

21539

21540

21541

21570

215

21573

21578

21584

588

21601 21602 21603

21614
21615

21616

21619

21620

21676

21739

21746

21764

21766

21772

21774

21779 21780

21781

21782

21790

21792

21806

21807

21809

21810

21812

21814
21815

21817

21829

21831

21832

21834

21836

21839

21840

21841

21842

21843

21845

21846

21854

21855

21857

21861

21866

21868

21870

2187

21874

21876

21878

21885

21886

21887
21888

21889

21890

21891

2189421899

2191321914

21916

21920

21921

21922 21924

21927

21928

21929

21934

21935

21940

21941

21942

21943
21945

21946

21949

21950

21955

21964

21966

21973

21975

21976

21977

21981

21988

21

21990

21994

21996

21998

21999

22004

22005

22007

22008

22009

22017

22018

22019

22025

22031

22032

22

22036

22037

22038

22039

22040

22042

22046

22048

22050 22051

22053

22054

22057

22060

22063

22069

22071

22072

22075

22077

22079

22082

22083

22084

22087

22091

22093

22094

22095

22096

22102

22103

22114
22121

22123

22128

22131

22132

2213722142

22146

22148

22149

22152

22154

22158

22172

22173

22174

22177

22211

22240

22249

22262

2226322264

2227422275

22280

2

22286

22287

22290

22298

22303

22305

22306

22307

22341

22415

22428

22432

22434

22438

22441

22448 22451

22472

22477

22491

225

22555

22660

22662

22743

22744

22745

22896

22902

22957

23009

23011

23012

23014

23414

2354823549

23652

23653

23654

23692

23756

23832

23848
23849

23909

23947

23995

24001

2400324004

24033

24183

24184

24191
24235

24238

40

24256

24259

24270
24271

24532

24612

24694

24844

24896

24897

25003

25106

25286

25411

25435

25464

25467

25472

60057

Structure map on the base of the “Packer Shell”/
Dayton Formation with interpreted lineaments from 
structure contours, LiDAR, and DEM. Also shown is 
a bubble map of cumulative production (red circles).

Wireline log of the McCabe #1 cored 
well showing the formation/unit boundar-
ies of the “Clinton,” overlying, and under-
lying intervals. The oriented core photos 
(left) illustrate fractures in the “Clinton” in-
terval, which are important for production 
in this tight reservoir.

Location map of the area 
of interest showing all the 
“Clinton” penetrations and 
the cross section lines. Also 
shown is the CO2 cyclic test 
(“Huff-n-Puff”).
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Detailed stratigraphic cross sections trending east–west (left) and north–south (above) through the area of interest (see blue 
line in the inset map at upper left). These sections illustrate the heterogeneity of the “Clinton” interval and the fi ve sandstone 
units that were correlated and mapped. Datum is the base of the “Packer Shell”/ Dayton Formation.

Regional net sandstone map of the “Clinton” interval based on 
a gamma ray curve cutoff of 75%. Also shown are the 16-section 
area of interest and the “Huff-n-Puff” test.

Wireline log of the Smith and Evans #4 cored well showing the 
formation/unit boundaries of the “Clinton,” overlying, and under-
lying intervals. The core photograph (right) shows the sharp bound-
ary at the base of the “Clinton” reservoir unit 3 and the underlying 
shale unit. This sharp contact (S3 of Ryder, 2004) is thought to 
represent a sequence boundary or a local unconformity.
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Net sandstone map of the entire “Clinton” interval 
using a RHOB cutoff of 2.55 gm/cc.
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Map of northeast Ohio showing all of the “Clinton” oil and gas 
fi elds, “Clinton” cores, and the regional cross section lines.
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SOME OUTPUT FROM SENSITIVITY TESTS
(reservoir parameters and pilot design were varied)

• Rock and fl uid properties have a signifi cant effect on oil pro-
duction. In particular, for the rock, lower matrix permeability or 
a larger fracture anisotropy ratio could lead to a signifi cant in-
crease or reduction in oil production rate.

• Lowest oil production is realized from the pilot area when matrix 
permeability is reduced to 20 percent of the Base Case (0.13 md 
compared to 0.65md).

• Signifi cant reduction in forecasted production occurs when the 
permeability anisotropy ratio in the fractures is increased from 
the Base Case of 10 up to 30. If a value of 30 is used, greater 
preferential movement of CO2 occurs along the fractures, and 
consequently less oil is displaced towards the central producer.

• If reservoir fl uid properties differ from assumed, oil production 
could be signifi cantly higher.

• Shutting in offset producing wells did not improve capture of dis-
placed oil by the central producer.

• Shutting in the water injectors did not reduce oil production sig-
nifi cantly. The potential for creating a water shield should be 
further evaluated.

Forecast of oil production rate for the East Canton oil fi eld pi-
lot area central producer for the fi ve-year simulation period show-
ing the Base Case and three sensitivity study cases. Modifi ed from 
Fekete Associates, Inc. (2009).

Silurian “Clinton” Sandstone Reservoir Characterization for 
Evaluation of CO2-EOR Potential in the East Canton Oil Field, Ohio
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The Ohio Geological Survey has conducted a res-
ervoir characterization and simulation of the Si-
lurian “Clinton” sandstone in the East Canton oil 
fi eld, in eastern Ohio. The primary objective was 
to evaluate potential for carbon dioxide-enhanced 
oil recovery (CO2-EOR). The East Canton oil fi eld 
has produced 95 million barrels of oil from 3,100 
wells on 175,000 acres. The fi eld is contains over 
one billion barrels of original oil-in-place. “Clinton” 
gross thickness is 110 ft; net thickness is 50 to 70 
ft. Development is based on primary depletion us-
ing hydraulically fractured wells on 40 ac spacing. 
The reservoir contains matrix porosity of about 7 to 
14% and matrix permeability of 0.1 to 0.6 millidar-
cies. Natural fractures may enhance permeability 
by as much as 10 times. Initial reservoir pressure 
ranges from 1,500 to 2,400 psi; existing pressure 
is 300 psi. The fi eld has not been water fl ooded.

After a regional geologic study, a detailed local 
stratigraphic study of a 4-by-4-mile area of inter-
est was developed. Over 250 wire-line logs, most-
ly gamma-ray/neutron density logs, were analyzed 
and used to create detailed maps. The fi ve porous 
sandstone units within this 5,000-ft-deep reser-

voir were correlated. Structure, lineament, net and 
gross sandstone, isopach, porosity, permeability, 
and production maps were constructed.

Fekete Associates Inc. constructed a CO2-EOR 
simulation model of the “Clinton” reservoir in the 
area of interest to design a CO2 pilot fl ood by ex-
amining natural and hydraulic fractures and well 
spacing, and by evaluating a “Huff-n-Puff” test con-
ducted in the area of interest. The reservoir model 
incorporated detailed mapping, production, and 
fracture analyses, as well as “Clinton” fl uid proper-
ties and relative permeability data from published 
reports.

During modeling, a history match attempted to 
confi rm the understanding of the impact of natu-
ral and hydraulic fractures and also attempted to 
quantify properties controlling fracture/matrix fl uid 
exchange. The “Huff-n-Puff” provided insight into 
CO2 movement and the impact of oil swelling. Sim-
ulation of CO2 pilot fl ooding evaluated operational 
parameters impacting fl ood performance, such as 
well spacing and pattern confi guration. The proj-
ect would benefi t from additional properties testing 
and more numerical simulation.
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