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cyclic test (“huff n puff”’) in Stark County. The East Canton oil field has e, | Rochester Sh S\§ % g g e | :
produced approximately 95 million barrels of oil through primary recovery b e Ironduguoit Is { f -. Do LD T i;j i :
“ i sdy T SR . =

field to evaluate the potential for CO2-EOR (enhanced oil recovery). This S e — o = o | [mws ' o WEET S N S O i e o | - i %

Ironduquoit Ls

4800
4880
4900

Rochester Sh

:

2

éé
AR IEN
=
i
X

4960

° ° ° ° ° ° ° ° ° ° ; A ¥ e D L 17 ”
estimated 1.5 billion barrels of original oil-in-place, there remains significant W | ayton L vl

“stranded” oil in this nearly depleted but economically promising oil field.
There have been no secondary recovery efforts in this mature field because
of the tight, heterogeneous nature of this reservoir. | .-
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ing the East Canton Oil ﬁeld and Correlated to full-diameter cores and pUb' L k{4 ' Sequence boundary/ _ gas ﬁe]ds, “Clinton” cores, and the regiona] cross section lines.
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model was used as input into a reservoir simulation to estimate behavior of B -~ | | tervals. The oriented core photos (left) il- photograph (right) shows the sharp boundary at the £ 4 B _ | - Regional stratigraphic cross section trending north-south (see blue line in the map at left) through the East Canton oil field illustrating the “Clinton” interval and the five individual sandstone units. Datum is the base of the “Packer Shell”/Dayton Formation.
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systems is necessary to better understand reservoir compartmentalization,
fluid flow, unswept oil and for planning any future EOR development.
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Structure map on the base of the “Packer Shell”/ Gross sandstone map of the “Clinton” unit 3 Net sandstone map of the “Clinton” unit 3 us- Average porosity map of the “Clinton” Calculated permeability map of the “Clinton” 3 _' Associates, Inc. (2009).
Dayton Formation with interpreted lineaments using a RHOB cutoff of 2.55 gm/cc. ing a RHOB cutoff of 2.55 gm/cc. using a RHOB cutoff of 2.55 gm/cc. unit using core to log correlations. '

from structure contours, LiDAR, and DEM. Also : SOME OUTPUT FROM SENSITIVITY TESTS
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* Rock and fluid properties have a significant effect on oil produc-

_ ) ) g . tion. In particular, for the rock, lower matrix permeability or a
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¢ 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).

Location map of the area of interest
showing all the “Clinton” penetrations

and the cross section lines. Also shown is
the CO; cyclic test (“Huff-n-Puff”).
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S IR Clinton” interval based on a gamma ' of interest (see blue line in the map at left). These sections illustrate the heterogeneity of the “Clinton” interval and the j i AR\ i s A i— cantly. The potential for creating a water shield should be further
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FAST CANTON OIL FIELD AREA CLINTON SAND ray curve cutoff of 75%. Also shown are - five sandstone units that were correlated and mapped. Datum is the base of the “Packer Shell”/ Dayton Formation. | evaluated.

e Shutting in offset producing wells did not improve capture of dis-
placed oil by the central producer.
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The Ohio River Clean Fuels, LLC (ORCF), Range Resources Corp., Ohio Division of Geo- & | . r=nnaael'- vz ; / s ¢ Clea‘l‘rly. dem:)nstrated tl?e capacity of
logical Survey (ODGS), and U.S. Department of Energy conducted a CO; cyclic test (also NN f Lodor il | s e the “Clinton” sandstone in East Canton
called “huff n’ puff”’) operation on the Sickafoose-Morris Unit #1 well (API #3415122018) 2o ; \\/ \ e oil field to accept significant volumes of
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1r;1 tl;fe west-f?en’[ra}ll p%ﬂ;gn (l)f };[he lillas}tl Canton OllfF;eld. Thlls is thi ﬁfrfst docmflfmented CO. i o | _ : . '\ — 0% injected CO,. Approximately 81 tons
“hutt n’ putt” in the field, although three successtul natural gas “hutf n” puft” tests were Gt I U b % | N : | - - 2957 ..
. e : . . : G ' b mir—=ty ; | v\m\ »7"\ (1.39 MMCFG) of CO; were injected
conducted in the early 1980°’and 1990’s by Belden and Blake Corp.. The CO; cyclic op- T A § L i | . > XN ’{;_XM . .
eration was designed to test key formation and oil properties for response to CO- injec- it T * ol o v s | T T S ~\ : AN into the test well during a 20-hour pe-
tion to allow further analyses on the potential of the ECOF for enhanced oil recovery by NEWPH'LADELPH'A?%%;{T?} 2 ) | | | riod.
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At the Sickafoose-Morris Unit #1 well, 81 tons of CO; were injected over a 20-hour ¥ - 65— | | t R y Ut/ 05772008 B+ A e SR Ol N U AN SRR VR % CO i octod at , ¢
period on August 19 and 20, 2008, after which the well was shut-in for 32 days before | | | : ¢ 2Rt I AL SO0 Gl ERIIDIIII DI IEE
. . o - . . : 60 - ' - -, b Dercentaae 5 = > b WE > > o o . . .
reactivating production. The CO; cyclic process involves the injection of CO; into a single _ =vdd, s00 1000 1500 L 2500 2000 2500 g AR /S . = g bl : ‘. .' : injection pressure of 617 psi (1,300 psi
wellbore (the ‘huff’), followed by a “soak” period during which time the CO; contacts ma- b S e 50 bottom-hole pressure), which is below
trix oil. It then dlffu.ses into the 01l“add1r,19 solution gas drive to the system upon retu.rmr}g | Minimu.m miSCibiliw pressure (MMP) from oil sample ?‘f t.he #% MMP of 1,450 psi. Results demonstrate
the well to production status (the “puff’). In a successful test, CO; moves into solution in | | Thouvenin-Hall Unit (APINO 3415122019) from the “Clinton that even under immiscible conditions
the oil, swells the oil in the pore space, reducing its viscosity and decreasing interfacial o enputtiest [ swayarea 4 cites G e o gttt (] suoyaren @ wanen O é%_ e sandstone in the East Canton off field in Stark County, Ohio. . . 1 s
tensions of the oil with the rock. This allows freer movement of the oil by enhancing the T T e Blacksymbols = wel locations CO; diffuses into the oil in the pore
reservoir’s relative permeability to water and gas. These immiscible effects of CO; on space, enhancing oil mobility. Injection
the oil, as addressed herein, are critically ,i,mportant to the success of a CO; flood. The ‘. % " .' s ' e : '. ; ; '. ‘: ? g A e o2 M .: : .' : : 4 '.' '. : ' | > of larger volumes of CO, at or above
second key parameter is “sweep efficiency” which allows contact of CO. with significant et A o ARy : - 5 i £rh0 DS T ; N MMP is clearlu feasible: moving to a oi
volumes of oil within the reservoir. The permeability of the reservoir to CO; in both the e ; i CO; CYCLIC TEST WELL y . T S . P
fractures and matrix is very important to this “sweep” and a cyclic test can be helpful . _— lot flood phase is appropriate and high-
by determining if fractures or channels within the formation exist to such a degree as to 415122018 e — _ e er efficiency recoveries are anticipated.
“short circuit” pairs of wells. A successful cyclic test can be defined as one demonstrating Stokatsote Morms Ui #1 I » - ” s 20 e
confinement of the CO; to the area drained by the subject well and not moving beyond G . | o j s s After the test well ¢ d1
that area through fractures or other high permeability zones. It should be noted, howev- SUMMARY OF PRODUCTION o ; #— h\ " 2 1w o . €r ine iest well was returnea to pro-
er, that more evidence than just a successful cyclic CO; project is required to effectively randaquaie imeston S "ff | oy —e 8 I duction, it produced 174 bbl of oil dur-
estimate sweep efficiency and a successful CO; flood. AND CLINTON RESERVOIR onnamed shel j P 100 Sl 2ore | ing a 60-day period (September 22 to
To determine whether the volume of CO; injected into the Slclfafoose-Morrls ufell was CHARACTERISTICS N 4750 = November 21, 2008). This is an esti-
confined to the area around the wellbore, gas samples from the Clinton sandstone interval Ao Benates Coneatans 50 o . S .
: . . "y : | e — mated 58% increase in oil production
of the eight wells surrounding the injection well were analyzed for composition. Casing C . e
. . . . . Ompletlon Date 1969 Cabot Head Shale g 0 - - - - - - - - 1IN t' t' t
pressures were also monitored with readings taken from these observation wells during Initial Production 115 BOPD cpper 200 G108 sMs08 2008 G208 83008 9408 9908 90408 9908 | over pre-injection estimates.
the gas sampling. Well spacing in this area of the field is 40 acres (~1,320 feet between Cumulative Production 60,000 BO
well.s): T}Eese offsetting well.s were tested prior to the 1nje(.:t1.on,.1mmed1ately follown.ng Gross Sandstone 110 ft : = Do e i O T T b e e B ey ey - Phataarathrob il eamiole 1c s rairlis e Y DRt ST e e . ..: ervation we e Kes _ % Majority of the injected CO, entered the
the injection, on a regular basis for two weeks after the CO; injection, and five days prior Net Sandstone 52 ft (> 6 %) = of gz es long : diamete : de ouve all 4 2 2 ber 2019 ese sample < Or pe D€ ere aiso taken oir or the f . h + diffused int
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evated CO; above normal background values, lack of observed pressure anomalies in the Completion technique  F/W 5,100 bbl water + = aps are placed over the valve es after the sample is take h : : D esultec ome variation of pre e reading the oil. Evidence includes: (A) the vol-
surrounding wells, and absence of enhanced production in offset wells suggest the CO, Zgooggf Ick))fsl\? proppant + % = as a precaution to prevent leakaae ume of injected CO, greatly exceeded
remained near the test.well. Post-soak perfod COq compo.smon and longevity within the capacity of the hydro-frac, (B) gradu-
gas samples in the subject well are also evidence of containment. T .
o al injection and pressure rate build-up
| | | during the test, (C) the gradual flashout
Medina Sandstone Of the COZ and D a lar e amount Of
_ _ Photograph of the Sickafoose-Morris #1 well huff-n-puff equip- | C02 INJECTION RATE | . LA~ ’ (D) = i
) Formation " sogeroien .S'°kaf3°4°13591'2"‘23'5'z';s'we" ment and site layout. Quesnston Shals CO: off-gassed from wellhead oil sam-
::;5:_:5:72%:}; b sonducerppedven o R L S S O S S S S ) D S S A ) D N W S ' pleS 31/2 mOnthS after injection.
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e . Sickafoose-Morris #1 wireline well log and lithology. PRODUCTION ANALYSIS . o , .
= —_ —_—_ —_ = Generator > Stratigraphic nomenclature is from the ODNR Division < Multiple lines of evidence indicated the
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