
CERTAINDATA
CONTAINEDINTHIS
DOCUMENT[VIAYBE
DIFFICULTTOREAD

IN MICROFICHE
PRODUCTS.

IIII



t

• • S
4. " Y

!

.. f/f

. i q

• ,L,,_

 eLXCXOHS. OF u WUCEDP.EO,UM.;aOUCr,OH EC,OLO Y
. AND WATER ALTERNATING "GAS INJECTION FOR E_CED OIL

RE_OI_RY ' _ ._IAT_ON "OIL -FI._.D , I.r._.,INOI_
.... _:';._...-'!;'..:'-' " i';':'__._',__. .,i..."_....'.,:,[:'_-,_;":'_"_-"

• • _-" - _"" '-'_ "_ ..... , , Lq.! _': ...... i]; i-' '.: : =;" .'.

COOPERATIVE AGREEMENT" NIDfBER DE ==' "FC22 "-_=:93Bffl4:955" _.....

._ _CAN .OIL RECOVERY, INC.

:. ...' -_" '5". _"L:_ .... I'.'_ "dlL't',. _ '(1 _ .... l,_ .[.._..= ;_,:!! _.... _._; r<t-::,._.i . _ l'_. 0 ....
,_.

o . .

.... . . • ,-.. ,.... ,. ...

--___., _._"'" ,. _,., _..' ,:,....... :,., , ,- - , ,.' .," -.., , , ..... .'....
• l • )4'- -...-- .

i e • . _.

- -'i," _., :- ;,, i .' .2'"..... ._] !: ''I'_'': • :

• . " . ._ , . '_. ._., . ).."" • ,,' .'. . •.... ".,:._ ::;,.,_'_':: . . u-- .!i .,± -..i,.=.

f" Report May •24 19793

• Award Date: ' ' .December. 29, 1992 i .... ,....., ......-." , . ...... ,; ,.. ,,. , .. , ... ,[°__, . ,._ ,. . • ..... '.: ":'._'r_', '.. .. ::i ; . ..

•vat rxlc. " "" '.......'>::''A_tici '•" e '_ ate:- ,--DecOr:" -: 4: _;.-_c_....................
• ./ ..... . , , * .... :. : . : ', . :'_ ... ..':, . k:. |_.;:..,,:,t l,. i'_ :';.'!'_._ - ' ....... "':

Government Award for Current Year: $ 702;'091. O0

Progr_.,a Manager: Michael R. Baroni •
eb - " . .... * l - _ ; , .

.....Principal Ing._stigator_ ce _: _:,g! el-.a.; _arohb , _,_'c'.t .___:< :,.,:_.c-Lc.,.-: ,c.
• #

Pro_ect offiG_er _ ._ne Paul ing ....Technical _, ......
; C,. _ ._',... _: __ ..... - . ' .'_,k,"._,_h. "i . ,. ....... ,,..* _.,,,,.. ..,- ,,_I.,_/,_ ,... ,._.'..,...,,.,uu.l _._'_, _ -

Reporti_g.:peri,,._._ :._ FIR_eI_TER: ig_;, ...."_:: ",_'_,.r:,..,, ..
• " , "I.

: OSTI
DISCLAIMER _,: ,.. , ....

This report was prepared as an account of work sponsored by an agency of the United States , ,: • " ".'"
Government. Neither the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or .. , ..

process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific com," rcial product, process, or service by trade name, trademark, . '-- '. "....
manufacturer, or otherwise do,,s not necessarily constitute or imply its endorsement, recom .....

mendation, or favoring by the Unk',xl States Government or any agency thereof. The views . .. .,. =,

and opinions of authors expressed herein do not necessarily state °r reflect th°se °f the _'_kqTER

United States Government or any agency thereof.

qa3 / jjblqtrl, rpt I_rI_TRtBUTION OF THIS DOCUMENT 18 UNLIMITE-L



i

APPLICATIONS OF ADVANCED ,PETROLEUM
PRODUCTION TECHNOLOGY. AND_W_ATER " .

ALTERNATING GAS INJECTION FOR
41 •

ENHANCED OIL RECOVERY.-.
• MATTOON OIL FIELD, ILLINOIS " _-: _"

z

..

U.S. DEPARTMENT OF ENERGY CONTRA_" Dr2_FC22-93BC14955 "
QUARTERLY TECHNIC'AL PROGRESS REPORT-

IST QUARTER, 1993 : - .....

., ,- .,
, .

PHASE I - PLANNING AND ANALYSIS

°Phase I activities are desigt,_--xlm provid_ent theoretical mid applied data prior to
field implementation of the WAG in Phase II"

J.

,?

I. OBJECTIVES - . _.:..,_

Forwork du_ig filefirstquarterof1993,Am_Scan OilRecovery,h_c._rgetedcompletion
of the following specific objectives: -- ,

.

- Convene meetings of Matioon Project subcontractors in order to plan and coordinate
Project activities. Comr_n orgastizational arrange_nents and plans for implem_ltation
of Mattoon Project... o .

- Complete most work on detailed analysis of reservoir geology of productive leases in-
the Mattoon Project.

• .

- ]'dentifyfli:sf FaciesDel'flied Subuxtit for i.tfitial injectivity tes_ag to be commenced near
the beghming of the second quarter.-

- IderRffy additional Facies Defined Subunits for injectivity tcsting and characterization
• during the second mid tlfird qua.hers.

- Award subcontract to the lllinoi_ State Geological Survey and conunence work on
preparation of a geosm'dstic_ model (STRATAMODEL) of more than 100 wells 9n

_--t,000 acres wittfin the Mattoon Project Area.

- Obtahl oil samples from wells in fi_.eid._ttified Fades Subunit ft,:"i'eservoir rock, fluid,
a_nd.C'O2 compatibility _sting bY fl_eI1_ io_ State Geolo_cal Survey. •

- I)eslg_l CO 2 hljection pumps and h:j-x:tiun monitoring equipment coIffigurafion. Obtain
bids tor required pumps and diesel motor. '
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II. SUMMARY OFTECHNICAL PROGRESS ....... _
e

OrgaI_izational meethlgs were held on Jmm_ 8, Febn)ary 19, mid M_rdl 19, 1993_o
discuss geology, reservoir engineering, field procedures, and various financial matters

_- rela_--_dto tile Mattoon Project. Meethlg participan_ induded.repr_sel_tative_ from
American Oil Recovery, Inc., Prairie Project Services, Sigma ConsultAJats_S'BretagneG.P.,
Metro Petroleum Company, and Covington Oil and Cr'_ Parulersl_ip._,Such meetings will.
be continued as appro_iate on a monthly basis.

....

Very substantial progress was made during the fhst quarter in developing an
tmderstanding of reservoir geology. Through the analysis of m_Qrethan .150 geophysic_
logs, drillers logs, and lithologic logs, by American Oil Recovery, Inc. and its
subeontractoI_, work ".ts'n -e_g completion on ten _stratigraphie__se_ti_m,_.detailed ..
structure map on the top of the Cypress Formation, an isopach map of five separate

sandstone reservoirs (A, B, C, D, E) wit_mxthe Cypress Fonnatior_ (prinr,_,-ily saz_dstone
and shale). Irt addition., a three dimensional m'odel of,the project geology (fence diagram)

-- is more than eighty percent cc)mple_. Task 1.1.5,'a'eview of, e.x.isthagcore data, will b__
• -completed during,- the second quarter. Our analyseshldicate" the Cypre_ssFormation

contahm five disthlct intervals of fluvial-del _taicsaz_ddepositi6n, which wehave identified
in ascending order-as- A, B, C, D, and E. A more detailed description and disgrams of
these fades is contained hl Appealdix A. B and.C- sand.-Faei_ are the p_cipal
off-producing reservoirs. They are more or less continuous throughout the project area,

"and have beeaxex-texLsivelydeveloped by both priznary production and water flooding.

A, D, and'E: Staid Fades are thihner and are relatively _tinUcm_??:They have been
bypassed or only partly, developed in the Project area. We have identified six Facies

• Defined Subunits in the A,.D, and E fades that are candidates for CO e injeetivity_stS and
characterization dunng ,phase 1. -.

American Oil Reco_,'_ry_ Inc. selected one or these Suburuts, the Pmnell A, for imtial
• . injeetivity_ts ahd characte-riz,aiion work during the second quarter.

" _ " z. -,

A contract has bee_a signed with the Hlinois State Geological Survey to prepare a
- computer-generated geologic model oi the Cypress Formation, utilizing . the

STRATAMODEL progrmh. "'This analysis will include geologic data. from more than t O0 ._
wells _hin _an area oi_approximately 1,000 acres. This work is now approxamately 80
percent complete. Resull;s will be analyzed and discussed in our secor_d quartc?ly report.

" Oil and gas _ples from the Metro Petroleum No. 3W Pinneil Unit (Pinnell Facies
Deftued. Subunit) have been supplied to the Illinois State Geological Survey tbr
characterization of response to CO 2 injection. Additional core tests will be completed on

•Cypress_ Formalion cores upon completion of an inr'til weil. Results of these
characterization tests will be presented in the 2nd and3rd Quarterly Reports. "

,. ; • _ .. . .

'In order to insure e_cient and lime!y injection or"CO2, Am encaa Oil Recovery., Inc. has
•"designed and constructed a trailer-mounted CO?_injection system consisting or a 350 psi

10HP electa-ic-powered-booster pump and a diesel-powered triplex main injection pump
(pressure to 1500 psi). An adjoirfing "doghouse" (separately portable) contahm a pressure
and injection-rate monitoring console, and pressure driven sat'ety cut-off switches for both
high aaxd low pressure. Tiffs systeln is capable of an h_jection rate of as much _ 200 tons
of CO_ per twelve hour day, depending upon reservoir porosity and permeability.
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TABLE 1

1.1 RESERVOIR GEOLOGY-COMPLETION STATUS

Task Number Descri.'ption " Percent Col:lplete

1.1.1 Preparedetailedstratigrapific _ 90
cross sections.

1.1.2 Prepare adetailed structurenmp. _..---._: _ 88 _
1.1.3 Prepare a detailed "ksopachmap. :.--- 90
1.1.4 Prepare a detailed liflfof_eie_nap7 89
1.1.5 Review existing core data (porosity, I0 -

lXE..rmeability,saturatiotts). , ,_- .: ... -:_.,-._._. . ..,..,. .-
1.1.6 •vr .epal-ea J-_ reservt_ geologic -.. 1

.. description(femee diagi-mn) lroi-ttie " -" __. ;
• demonstr_iti6rrareaintheMattoo/1Field ..

from tile geologic mc.xtel, and " • •
petrophysical data. ,• ,

• -_

TABLE 2"_.'......_.....-.=

1.2 GEOSTATISTICAL MODELLING- COMPLETION STATUS

,,,_=, ..a .'_--. ,-rr---.,--.. TB: ,4' _ "._-.-". ..... ' ,
,r

Tank Numl_r Dcscridtion Percent Complete
., -Jt"

1.2.1 Asedimentologic and ztratigraphic 17
, . an-.dysi.s.based on tile logs of tile wells

in the Cypress Fonimtion will be ..
peffOr_ned. "

. 1.2.2 A geostRtistical_tudy will be performed 52
_- -::-,--. _ using STRATAMODELtodetemmletile

proportion of lithofacies of sandstone and
Shale for 106 wells in an area of

". approximately J,0OOacres. Then simulations
" ., '_- of the lithofaeies hlthe C_ress Formation

,will be done, based on the results of the
• STRATA MODELshnulati°n

1.2.3 The results of the above al!alysis willbe 0
..... ... utili_ed hlthereservoia" management,

selection of FDWS, and project mordtorhlg.
" 1.2.4 Deternm leopthnumspatia 'larrangement 0

• of existing 9r proposed hljectors and . .
IF..pr. ocedures for maximum oil recovery -

from the cypress FDWS.
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I TABLE 3

i 1.3 LABORATORY TESTING-COMPLETION.STATUS
....

T',_k Number- Description .- percer.cComplete
- " .. _ . ' . " ,. .

" _ I .3, I . :, :_...... Run core.tests oll cores recovered from " "-.-_," 0

, newly drilled well Ct'a_k- 1:4.5). De.tcrmine.- _- ..........

' ....... - porosity, permeability, r_to CO 2..... "
rejection, and other characteristics necessary ,.
for the field demonstration. - ",

1.3.2 " " Determine minimum miscibilit)t, pressure and ' 0
, ....... . ....... ._,l_. _. ., "..,. . ...

" reservotr rock a_dflmd eompatibdtt_e_ for
•°em°nstr_u°n. " .... ' " " -.....: meproIx?sect.. , ,. . _........... . . ,.... :_:_. :< -.:. :.: .... .

• . . .. . ,' . . _ .... -

• ,- , " . : "" ' ) " '

' TABLE 4

° 1.4 FIELD DESIGN - COMPLETIQN STATUS

I Task Number l)e.C_'TiDtion - ' .... Perceht.ComD[ete

1.4.I Plan completionand productionprac_cesto 0 ."
be followed in field demonstration. Pl'an-. ' -_ _ . '

i . location and core points tor characterization ,.

- well in the Cypress FDWS.
1.4.2 Based on reservoir geology and engineering - 0

i studies, select FDWS for field demonstration

and target wells to be included. -
1.4.3 Determ inesurfaee facilitiesupgrade .. 4

• rcxluirements for installation of the . "
_1 demonstration project.

1.4.4 " Solicit bids for project installation by , " 25
contacting potential contraetors and

: service firms. •
1.4.5 DHll one new well within confines of 0

selected FDWS. Core well through
• through Cypress interval, send to
• commercial laboratory for testing; log

weil; run pressure and production tests;
> and complete weil. "

! .4.6 Environmental information collection: 0

ff necessary, this task involves the collection,
- of environmental information specified in ' ""

"Information Requirements for N ational
Environmental Policy Act." This detailed
site and project specific information may be.
used as the basis for site SlZ_cific NEPA
documents to be prepared by DOE.



" "" TABLE 5 "
• ,

_.-__2_:._ _ •

1.5 FIELD TESTING - COMPLETION STATUS
P

Task Number Description --_" Percea_ C0ffm"tete
"^ r,_

1.5.1 Select FDWS for CO 2 stimulation tests ,_ 0
1.5.2 .Rewo_any as three wells for ..... . _=._. _ _,.:,_:,._,__Q.:_,

tnj 'o tirlg. . . .
1.5,3 Perform injectivity test of CO 2 in 0

' selected wells. At least, 12,000

_ tons of,CCr2 wiU be utilized.." .... ,
"q-5,4 Perform temperamre survey in selected " "_ 0 ..
•:. .- injection wells to test geostatistical ,%.-..

.. ==" model results.. ' "-
" " 1.5.5 Perform reservoir interference tes__" _--'_'] 0 -

' " between wells with CO 2 to test .
, geosmtksticaxt-model results. ,

"-"4_ _'._, _" " *-'S-_xz:i_."°'7_'-"L-'£my" "._ ."_.-g:2.._"_'_ ;" ,,i..?.... k,.

• . . • "_
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APPENDIX A
r

' Preliminary-Results of Reservoir "Geolc)gy-Analysis __:-_'_' _"
" The base of the Cypress Formation is defined by a marine limeStc;n_-aboutfive feet thick.

Subsequently deltaic mud and Yule silt interbedded with generally.fmc-grabbed sand of file
Cypress Formation subsequently accumulated to a total_thickness'-of approxiiff_tely one
t/undred feet. This total title, less of interbedded deltaic shale and sand was subsequently
coyered by thick marine ,limestone of a transgressive marine envh-onment (Barlow
Limestone), termhtathlg del "talcconditions .... • .,_

• ;..... -..,.,rx- .- . r.,_¢-_

" - Witkin ihe area of study hl ttle Mattoon Field, five deltaic sand bodies (A, B, C, D, E) are
.. defined bywell data. " " : " ...-• ._

,,,.1. • . ..
• t

A Sand - '" -
"rlteA Smld (Figurel)is-locateda few feetabove.tlicbasal_narinelimcs_m and is
typicallythin(O-lOfeet)and moderatelytostronglyc_carcous.The sandhaslow to
moderateporosityand permeability,ltisexteltsivelydcvfiopedonlyqnthe-southwes_enl
partoftheMaRoon Projectarea.An atypicaldevelopmentoftheA Sand occurson tlae

. . • Phmell lea_e, where it is tenfeet ttfick, and has fair por_i.ty and permeability.. The A
Sand is also present in two areas along the westei-n P:targin Of th.e Uphoff and Seaman

' leases. Elsewhere, throughout more t.hazl60 percent of the pr6ject, areatltffs sand is absent.
: _ _ " .- .7 "_'' . ...... _ .... ... -. --. , _ ....

The A. Sand, as well as other elastic mdts witlml the'C_ress Formation offile Mattoon
Field, consist of.free grained sand with substantial _mterstifial.si!t and, ciay;,indieating a,:

_ relatively low energy-level depositional env_,rotunent- i.e. sluggishly flowil_gdistritutory
=_ streams. ,.

._

B Sand ..
The B. Sand .(Figure 2) occurs as a blatfl_etdeposit throughout most of the Project. area,
with the ex.c_._on of a limited area in the northern half,of the Uphofflease, and elsewhere
in a few other sm'Al shale-out areas. Tiffs is a delta-fringe type sand, fonned on a
delta-strandg.lain,' The sand typically has fair permeability, and attains a thickness of more
than twettty-fivefeet ata_ne location iu the southwestern part of the ]3roject area. However,

, in essentially-all-,of the project area it is less than Fifteen feet thick, and is commonly less
than ten feet thick.

• C- Sand "
Char reservoir geologic mapping indicates that the C Sand (Figure 3) occurs as two thick
(20-25 feet) southward trcmding sand bodies consisthlg of distributary chamml-f'dl mid
overbark deposits --one lying parallel to the eastern margi_ of.theMattoon Proje,ct area, and
a second chamml'-'fiUdeposit exteading across the westerlf one-third of the area. Available
evidenc,e's%i_ the strand line was located only a few feet below the eleVation of these
chatmels, shine ttle_chamlels appear nOt to be deeply incised'imto adj'acml¢ interdkstributary.
delta clay deposils'..:.Thesd.'deposits grade laterally into delta str.mid p]am sazxd deposits
wtfich are mucti tlmmer and occur in the centrM part of the projectarea, q31e C Sand is
entirely replaced by delta-strand plain silt and clay on the northern part of the Uphoff lease.
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IqGUKI_ I"A SAND. INITIAL CYPRESS DhLfA I_ORMAIION_
WEAKLY DEVELOPED DISTRIBUTARY CHANNEL. SAND AND SILT ADJACENT . °
TO D.PA,,TA-STRAND PI..AIN. SAND5 COMMONLY VERY CALCARI_US.



1"- 20oo Ft.

FIGURE 2. B SAND. INITIAL l_.X'l'Ebl SIV E SAND I)EVEI.OPM EblT OF TIlE

C ')l"PR.P__S DELTA "BLAN KEI" SAND AND SILl (SIRAIq D PLAIN DELK)SII'S)
COVER MOST OF MATTOON PROJECT AREA.

..
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PIQURE 3. C SAND. STRONGLY DEVF.iOPED DELTA DISTRJBLrFARY CHANNELS

(MIDDI_ CYPRESS). CtlAHNF_ S'I'RONGL¥ INCISED INTO DELTA-STRAND PLAIN.

-9-



D Sand .... " " '" _';' ........ ' ,- _ ,,-: "
The D Sand (Figure.4) contains a single southward-trending sand body (5 15 feet thick)
wttich is a weakly developed distribu -tarychaxmel that lies "alongtile eastern boundary of tile
project area.and,slightly, to the east. of.a previously described distribuiary, chan_el in the

' overlyialg. C. Sandstone. A second extensive sand developm_lthl tiae D- Sand.horizon
" occurs in_the southwestern part of the,project area..This-sand-body isevidenced.to bea.

distributary clraralel of limitedextent._ Two additionallimited:isolated developments.of the
D Sand occur in.the central, part of the Seamar_.lease, and extending westward from the
Pimlell lease (out_ide of project area). The D Sand is generally le,_s_' well developed than

. other sands.of tile Oypre_. Formation in.the'Mattoon P-roject.area!.. "_ . , . •-.
2: .':2: - _ t"_ _ ... ' ..." • .... '_".Z[" ' ', "?', '_;- .

E Sand. " .... " .. - -" , ' ' " :_":-. -
The E Sand-(Figure 5)_. -thin. but_relatively extexNve in Xl_ eas.ter_ par_f: the'project
area, and in the southwestern, part. A moderately.extensi_dovdopmentralso oc.£urs:along-
the weste_-boundary_ 6f the,Seainan leases, mad -extendi_beneatla th0:A_dfi_md _lea,ae_..
The sand is thin (gelaerally iess_tha_ten feet thick)_but has_fair:por_l'ty., and penneaNdi_._A, "
thick developmexit'.of tiler,atld (14+ feeth thick) is also present at the extreme.s0uthwestem
margin of the areabut isstructurally low in relation tothe productt)g areas of:the Mattoon
Field. ,,_,,,,. ...... •..... . ..... ,.._. .-.,:.._ :,.i.. .. ., lt • .

lul,---_

This sand represents the.termin_ phase of distributary channel.development hl tile Cypress
Formation, and was completely, covered by a marine advance (rise-in strand line) .wltich
resulted in deposits of.a thick, regiolmlly, exte_ve.marhle limestone (Barlow i._nestone)

• . . . _ . ,, "::_
• . ........ . .... ..

• . ,,, , • ....... .

_'_.._,_';,-, _,_: tii_ . ,. :.J :''ii" L.'. :'. .- ..... ' ',_,, .... ._:, 7":..:" ",.__. !:'-... " ".' !_':::L 2: ,
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