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Reservoir Characterization of the Silurian “Clinton” Sandstone in the East Canton Oil Field, Ohio

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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REGIONAL CORRELATIONS TO ESTABLISH THE STRATIGRAPHIC FRAMEWORK

Regional stratigraphic cross section trending north–south (see blue line in the map at lower left) through the East Canton oil fi eld, illustrating the “Clinton” interval and the fi ve individual sandstone units. 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.

SUMMARY

The Ohio Geological Survey conducted a de-
tailed reservoir characterization of the Silurian 
“Clinton” sandstone in the East Canton oil fi eld 
to evaluate the potential for CO2-EOR (enhanced 
oil recovery). This investigation, in cooperation 
with private industry, included an 80-ton CO2 
cyclic test (“Huff-n-Puff”) in Stark County. The 
East Canton oil fi eld has produced approximate-
ly 95 million barrels of oil through primary re-
covery since 1947 from approximately 3,100 
wells within 175,000 acres. With an estimated 
1.5 billion barrels of original oil-in-place, there 
remains signifi cant “stranded” oil in this nearly 
depleted but economically promising oil fi eld. 
There have been limited secondary recovery ef-
forts in this mature fi eld because of the tight, 
heterogeneous nature of this reservoir.
Regional stratigraphic cross sections were 

generated across and surrounding the East 
Canton oil fi eld and correlated to full-diame-
ter cores and published reports to establish the 
regional “Clinton” sequence stratigraphy and 
depositional setting. The stratigraphic frame-
work developed by these cross sections estab-
lished regionally consistent formation/interval 
boundaries that were used for construction of 
regional structure and isopach maps. Detailed 
reservoir maps of up to fi ve sandstone units and 
surrounding impermeable shale units within the 
“Clinton” interval were mapped and related to 
production in a 16-square-mile area around the 
CO2 cyclic test. The geologic model was used 
as input into a reservoir simulation to estimate 
behavior of reservoir fl uids from CO2 injection. 
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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).

RESERVOIR CHARACTERISTICS AND MAPPING OF THE “CLINTON” SANDSTONE
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ing a RHOB cutoff of 2.55 gm/cc.

“Huff-n-Puff” well“Huff-n-Puff” well

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

29

17

41.5

32

33

0.5

48

8.5

15.5

7

32

15

34.5

28.5

23.5

28

5

22

3

31.5

13

1.5

1
0

34

35.5

9

8.5

28.5

63

19.5

21

4

36

4.5 38

4

3

42
35.5

23.5

38.5
22

26.5

19.94

52

17.5

22.5

28.5

27

44

27

35

6

20

10

15

0

19.5

13.5

22

16

33.5

18

7.5

30.5

21.5

19

4

28

23

13

3

9

6

3 2

6.5

20

30

914.5

15.5

18

42.5

4

25.5

0

18.5

14

18

21.5

16

12

1

20

11.5

27.5

8

1
28

34.5

31

2441.5

46.5

60

16

28
32.5

23
1.5

33

15

Net sandstone map of the entire “Clinton” in-
terval using a RHOB cutoff of 2.55 gm/cc.

“Huff-n-Puff” well“Huff-n-Puff” well

Harrison
Coshocton

Knox
Jefferson

Holmes

Tuscarawas

Carroll

Columbiana

Wayne
Stark

Ashland

Mahoning

CASS
JACKSON

PERRY
MARY ANN

WHEELING

TON
FLUSHING

MOUNT PLEASANTWASHINGTON
MONROE

WHEELINGLINTON
FRANKLIN

VIRGINIA
WASHINGTON

ATHENS

FREEPORT MOOREFIELD

PIKE

FALLSBURYEDEN

WASHINGTON

WARREN

SHORT CREEK

PERRY
WASHINGTON

OXFORD
OXFORD

LAFAYETTE

SMITHFIELD

TUSCARAWAS

WELLS
CADIZ

JACKSON
BEDFORD

NOTTINGHAMWASHINGTON

PERRY
JACKSONCLAY

AN

GREEN

RUSH

SALEM
ARCHER

ADAMS
STOCK

WHITE EYES
FRANKLIN

KEENE
BETHLEHEM

JEFFERSON
NEWCASTLE

BUTLER
HARRISON

COLLEGE

ANT

STEUBENVILLE
WAYNE CROSS CREEK

CLAY

JEFFERSON

GERMAN

RUMLEY
NORTH

MILL

MONROE
WARWICKBUCKS

CRAWFORD
MILL CREEK

CLARK
MONROE

TIVERTON

HOWARD

MONROE UNION

ISLAND CREEKSALEM

YORK

UNION

AUBURN
LOUDON

PERRY
ORANGE

CLARK

MECHANIC
KILLBUCK

RICHLAND KNOX

GOSHEN

PIKE

ROSS

SUGAR CREEK

BROWN

SPRINGFIELD

LEE
UNION

MONROE

JEFFERSON
WARREN

FAIRFIELD

DOVER

WALNUT CREEK

KNOX

MONROE

BERLIN

SALINE

HARDY

BRUSH CREEK

CENTER

WORTHINGTON
HANOVER

WAYNE
FOXFRANKLIN

YELLOW CREEK
WASHINGTON

HARRISONROSE

SANDY

WASHINGTON

WASHINGTON
PRAIRIERIPLEY

SALT CREEK PAINT

LIVERPOOL

LAWRENCE

GREENMONROE

LAKE CLINTON
SALT CREEK PAINT

PIKE
BROWN AUGUSTA

BETHLEHEM

EAST FRANKLIN

WAYNESUGAR CREEK

MADISON

ST. CLAIR

FRANKLIN

MOHICANVERMILLION

MIFFLIN

MIFFLIN
PLAIN

WOOSTER

EAST UNION SUGAR CREEK
OSNABURG

PARISCANTON
WEST HANOVER

PERRY

CENTER ELK RUN

TUSCARAWAS

MIDDLETON

PERRYMONTGOMERYMILTON
CHESTER WAYNE GREEN BAUGHMAN

NIMISHILLEN WASHINGTON KNOX
PLAIN

BUTLER SALEM

JACKSON

FAIRFIELD UNITY

LAWRENCE

PERRY

MILTONCANAAN CHIPPEWA
CONGRESSJACKSON FRANKLIN

CLEAR CREEK ORANGE

GREEN
LAKE

MARLBORO LEXINGTON SMITH
GOSHEN GREEN

BEAVER SPRINGFIELD

HARRISVILLEHOMER
WESTFIELD GUILFORD WADSWORTH

SULLIVAN
RUGGLES TROY

NORTON
COVENTRY ATWATERRANDOLPHSUFFIELD

DEERFIELD
SPRINGFIELD

BERLIN ELLSWORTH CANFIELD BOARDMAN POLAND

PALMYRA MILTON JACKSON US O YOUNGSTOWN COITSVILLE

3410321819

3416922558

3416924602 3416924072

3416920600
3416921701

3415322892

34153205033415320445

3415122288

3415122367

3415123107 3415124209

3415123497
3415124758

3415124582

3415125085

3402921475

3402920592

3402920656

3402921637

3407525140

3407523677

3407525397

3407525308

3407525250
3407523320

3407525283

3407524944

3407524199

3407525490

34075215793415721539
3415722550

3415722689

3415723564

3415723287

3415723053

3415724810

3406720560

3406720188

3406720209

3406720427

3406720101

3408120481

3410321819

3416922558

3416924602 3416924072

3416920600
3416921701

3415322892

34153205033415320445

3415122288

3415122367

3415123107 3415124209

3415123497
3415124758

3415124582

3415125085

3402921475

3402920592

3402920656

3402921637

3400522925A

3400523166A

3400522387A

3416924754A
3416924173A

3416923619A

3416923912A

3416923742A

3416921869A3416921630A
3416921671A

3416924204A 3416924905A

3416922110A3416923181A 3415124041A

3415124429A

3415124725A

3415124040A

3415124649A

3415123844A

3415122292A

3415122383A

3401920234A
3401920256

3401921744A
3401921513A

3401921698A

3401921583A
3401920553A

3401921593A

3401921652A

3408120461A
4702900080A

Map of northeast Ohio showing all of the “Clinton” oil and 
gas fi elds, “Clinton” cores, and the regional cross section lines.

Gas storage fi eld

= Cores

“Huff-n-Puff” well“Huff-n-Puff” well

East Canton oil fi eld

Map showing location of East Canton oil fi eld and 
Sickafoose-Morris #1 well (permit number 2018). 
Detailed-study area is outlined in red.

Map showing location of the Sickafoose-Morris 
#1 well (permit number 2018) and surrounding 
wells. Observation wells that were tested for gas 
analyses are labeled with permit numbers.
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Sickafoose tank battery production from July 11, to Sep-
tember 19, 2008.

Date Sickafoose Morris
2018

Sickafoose
2036

Brenner
2057 PER DAY TOTAL 5  WEEK

AVERAGE

Gas
(mcf)

Fluid
(bbl)

Gas
(mcf)

Fluid
(bbl)

Gas
(mcf)

Fluid
(bbl)

Gas
(mcf)

Fluid
(bbl)

Gas
(mcf)

Fluid
(bbl)

7/18/08 3 1.42 3 1.42 3 1.46 9 4.3

7/25/08 3 1.14 3 1.14 3 1.17 9 3.45

8/1/08 4 1.72 4 1.72 4 1.77 12 5.21

8/7/08 3 0.67 3 0.67 3 0.69 9 2.03

8/15/08 2 0.86 2 0.86 2 0.88 6 2.6 9 3.52

8/22/08 shutin shutin shutin shutin shutin shutin shutin shutin

8/27/08 shutin shutin 1.5 0.39 1.5 0.4 3 0.79

9/5/08 shutin shutin 1.5 0.67 1.5 0.67 3 1.34

9/12/08 shutin shutin 1.5 0.35 1.5 0.35 3 0.7

9/19/08 shutin shutin 1.5 0.71 1.5 0.72 3 1.43 3 1.07

Estimated Sickafoose-Morris average daily production prior to test: 6.00 2.45

Estimate by fluid type:

at est 25% water cut: 1.84 bopd

0.61 bwpd

*Production split equally among the 3 wells 6.00 mcfpd

Flush

High water infl ux

50/50 oil water
Level off

Graph of the Sickafoose-Morris #1 well production for 
the 60-day period following the CO2 injection and 32-day 
“soak” period.

The 2008 production from the Sickafoose tank battery 
commingling production from the Sickafoose-Morris #1 
(permit number 2018), Sickafoose #1 (permit number 
2036), and the Brenner #1 (permit number 2057) wells. 
The Sickafoose-Morris #1 was shut in after August 15, 
2008, and turned on September 22, 2008. The Sicka-
foose #1 and Brenner #1 wells were shut in after Sep-
tember 22, 2008.

PRODUCTION ANALYSIS

Graph of the Sickafoose-Morris #1 well CO2 injection 
operation conducted August 19–20, 2008 showing pro-
cess temperature, pressure, and fl ow rate versus time.

Estimated radius and volume of CO2 within the forma-
tion through the range of pressures encountered by the 
cyclic test (Holtz, 2008).

CO2 INJECTION RATE

SUMMARY OF PRODUCTION 
AND “CLINTON” RESERVOIR 

CHARACTERISTICS FOR 
SICKAFOOSE-MORRIS #1

Completion Date 1969
Initial Production 115 BOPD
Cumulative Production 60,000 BO
Gross Sandstone 110 ft
Net Sandstone 52 ft (>6%)
Porosity Range 4–14%
Completion technique F/W 5,100 bbl 

water + 75,000 
lb sd proppant 
+ 100 scf of N

CO2 Cyclic Test (“Huff-n-Puff”) in the East Canton Oil Field, Ohio

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 0.65 md).

• 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 
displaced oil by the central producer.

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

Forecast of oil production rate for the East Canton oil fi eld pilot 
area central producer for the fi ve-year simulation period showing 
the Base Case and three sensitivity study cases. Modifi ed from Ri-
ley and others (2011).

SIMULATION AND SENSITIVITY TESTS

Sickafoose-Morris #1 well completion diagram 
with perforations and test set-up.

CO2 cyclic test well. Sickafoose-Morris #1 
wireline well log and lithology. Stratigraphic 
nomenclature is from the Ohio Division of 
Geological Survey (2004) and Ryder (2004).
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RESULTS OF CO2 CYCLIC TEST

• Clearly demonstrated the capacity of the “Clinton” sandstone in East Canton oil fi eld to accept 
signifi cant volumes of injected CO2. Approximately 81 tons (1.39 MMCFG) of CO2 were inject-
ed into the test well during a 20-hour period.

• CO2 was injected at a maximum surface injection pressure of 617 psi (1,300 psi bottom-hole 
pressure), which is below MMP of 1,450 psi. Results demonstrate that even under immiscible 
conditions, CO2 diffuses into the oil in the pore space, enhancing oil mobility. Injection of larger 
volumes of CO2 at or above MMP is clearly feasible; moving to a pilot fl ood phase is appropri-
ate and higher-effi ciency recoveries are anticipated.

• After the test well was returned to production, it produced 174 bbl of oil during a 60-day period 
(September 22 to November 21, 2008). This is an estimated 58% increase in oil production 
over pre-injection estimates.

• Majority of the injected CO2 entered the matrix porosity where it diffused into the oil. Evidence 
includes: (A) the volume of injected CO2 greatly exceeded capacity of the hydro-frac, (B) gradual 
injection and pressure rate build-up during the test, (C) the gradual fl ashout of the CO2, and (D) 
a large amount of CO2 off-gassed from wellhead oil samples 3½ months after injection.

• Multiple lines of evidence indicated the injected CO2 did not channel off but stayed within ma-
trix porosity near the test well, including: (A) absence of CO2 found in gas samples from offset 
wells, (B) the persistent but gradual decrease of CO2 in fl uid samples taken from the injection 
well after production was restarted, and (C) a standard calculation of radius of infl uence. Holtz 
(2008) calculated the radius of infl uence to be approximately 68 ft.

• Most of the CO2 probably was pushed into and then diffused within the higher-permeability 
“Clinton” sandstone zones that communicate with the hydro-frac system near the borehole.

2


