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SECONLARY-Ri.COVERY POSSIBILITIES 

THE OLYMPIC FULL 

Hughes and Okfuskee Counties, OkLahoma 

By 

I. W. Fox, R. L. Ginter, and G. Alden 

ABSTRACT 

The Olympic field in the Seminole aistrict of ea!A-centre]. 

Oklahoma embraces an area of 3,423 productive acre:J. The discovery 

well of the field was completed in the Cromwell s!,:n,-,1 of Pennsylvan-

ian age July 19, 1934. The chief producing horizon in the field is 

the Olympic sand, a lenticular snu!:tone member of the Senora forma-

tion of Pcmnsylvanin age which is about 47 feet thick and is found 

at depths ranging from 1,633 to 1,'320 feet. The procuctive area 0: 

the field is narrow pelt trending northeastward about 6-1/2 miles 

and ranging in wiuth from h,31': a mile to 1-1/4 miles, The accumula-

tion of oil and gab occurb in typical off-shore bar which by its 

structure controls distribution of the hydrocarbons. .orizons 

other thL.n the Olympic sand and the Cromwell sand, such as 

Calvin sand the the Gilcr%as(; sand of Pennsylvanian age, and the 

ilunton limestone of Siluro-bevoni9n age have proauced snail 

quantity of oil and gas. 

After oil production was found in the Olympic sand, the field 

was rapialy defined, dna devdopmcnt was completed by August 1937. 

Owing to the intense drilling activity, the field reached its peak 



production from the Olympic send in 1937, z;i:lounting to 11,564 

barrels daily, ana production declined rapidly thereafter. 

The history of oil ana gas production indicates that the 

Olympic reservoir proauces by gas-expansion type of mechanism. 

Initial productivity of many oil wells ranged from 300 to 1,000 

barrels of oil gaily, and a few wells attained a maximura. initial 

production of 2,000 barrels of oil per day. Oil production from 

wells on the flanks of the field was small, some wells producing 

as low es 5 barrels of oil during the first day of production. 

Production decline for most wells in this field was rapi.a and by 

July 1, 1946, the pr action from all wells procucing from the 

Olympic sand averaged 841 berruls of oil per du with about 500 

barrels of salt water. The gravity of the oil mnges from 27° to 

37° A.P.I., with an avvrage Brevity of about 35° A.P.I. gravity. 

To July 1, 1946, the Olympic fide hac produced 13,202,944 

barrels of oil from 347 wells producing from all the productive 

horizons in the fieid for an average recovery of 3,857 barrcas of 

oil per productive acre. Of this volume of oil, 343 wells com-

pleted in the Olympic sand produced 12,989,817 barrels which was 

equivalent to a recovery of 3,795 barrels of oil per acre. Analysis 

of the reservoir-performance inclictcd thet the volume nf oil pro-

duced from the Olympic sane to July 1, 1946, was approximately 15.1 

i;erctmt of the oriffinol 86,215,400 ban:els of oil in the reservoir, 

or its equivalent of 25,127 barrels per acre;. The 12,9e9,817 

barrels of oil produca from the Olympic sand is equiwlont to the 

,'olume of oil occupyi.. 8.0 percent of the pore space iL the 



	

	

	

reservoir. By centinu%tion of prst.nt gf:.:-injection methods of 

operation, it is estimatud th&t th .,)1.yopic sand will produce; 

ultimately about 14,376,000 brruls of oil. On July 1, 1946, the 

volume of r,-;sidul oil in the Olympic sEnd v:os estimated to be 

73,226,000 barrels, or 21,392 barrels of oil por acre. In oquiva-

lent terras, it may be exixesse4 as thEe volume of rLsieual oil 

ocoupying 45.3 ,-,ercent of the voics in the Olympic sand. 

It is :stimated that gas-injection operations, =brFcing '70 

productive :ems of the Olympic scud by leaseholds, have produced 

212,000 barrels of oil since the inceptin of these operction6 in 

August 1937. This v.o.,4tionbi vclume of oil averaging 244 barrels 

!A‘ oil per ri:pressurea-fIcre mault::d frorc, the injection of 

2,183,:,97,000 cubic feet of ges. This is equiv:A.ert to 12.0 percent 

of the 18,247,065,000 cuaic fe.t of g::.s pr)clucuc from the Olympic 

to Jul.,: 1, 1946. The ErJss gs-6i1 r7 do fir the Olympic srnu 

amounts to 1,405 cubic feet of gs per bnrrel of oil pr,;ducea, 

whereLs the net gLs-oil rc'tio is 1,237 cubic feet of gds per barrel 

of prouucca oil. 

The physical conditions the Oly.pic sc_rao body hove been 

studieu one the most favorable. areas susceptible to the applicntion 

of wFter floouing arc cited together Ath the cistimeted oil reserves 

recoverable from theac creas. The derivation oaf the recovery factor 

one its roli...tion to the various classes productive send body ere 

ciscussa in deteil. 

It is t2nticipteci thz t futur expl:Attion f the Olympic send 

will entail the , pplicEti:)11 wutf.r-floaing ra,tho6s of development. 
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EctuLl oil reserves am. economic oil reserves of the OlympicThe 

sand, mounting to about 14,623,000 barrels of oil ant.. 13,601,000 

barrels of oil, respectively, have been computed volurietrically. 

Surface -3na subsurface water resources adaptoble to the elpl itF.-

tion of the sane by :.ter-flooding methods have been investigeu. 

It is believ:,u that future devialopmnt of the fiel(: by weter-

floouing methous unuer present economic coneitions will ombmci3 

about 2,775 productive acres which will 

13,601,000 barrel:-, of oil equivalnt to an estimatce r%;c(mery 

oil averaging 4,901 barrels per acre. The pasted price of 35 

gravity cruee oil on July 1, 1946, was 41.25 per *orrel. This mtr-

ket price was eugmented by the subsidy which was paid by the 

Government umounting to 35 cents per barrel, making the effective 

price of cruue oil rTbout 41.60 per barrel in this field. 

INTROLUCTION 

Purpose of the Report 

The application of secondary-recovery met1r)cs to oil fiel(-s 

procucing froni ftruetions at upths heretofore usually consieerc:6 

to be bol'Jw the rc.nu: .f nr.Dfitblo secor.uary exploi-Wtion by the 

methou of water-fl,)ouing is being given the utmost consiueratior 

by many oil operators in view of thi great dem,;n.. for cruise; L- nd 

the incre&sing consumption 31 petrfileum an: its products. Not only 

are these oil reserves 3f economic importance to the petrolcum in-

dustry to help meet commitments cruee hut the profitcble 

reclamation of such reserves is e conservation meE,sure that will 

prolong the proUuctive life of mvny oil proeucing properties. 
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In thin past, water-flo.:Ling ventures in t Mic-C;)ntinent 

Region hLvc bef,n cc2nfinct.. i-cnerf;/1y to formations such as the 

BErtiesville s_nd at shallow ,,epths, though in a fcw files water 

flo,)Ging 11-.s been pmfitWJly at del:VI:, :caecting x.,000 

feet utilizing spacing cf 660 feat between likc wells. Unquk,stion-

ably, in many of the ficlus have pracucca substantial velulnes 

cru;..e oil l'ram ueepur femutions by 1:rimLry methcs of operLtic,n 

whicri are at present in the marginal "stripper" phase •fs their 

procuctive life, moGern Lictir,ds of secomiLry recovery mriy be sac-

cct,,sfally institut. It is ..nticinr:ted tht the reel oration of 

these ail reserves inc,y he cccomplisheci profitably by utilizing the 

specific sec)nery oper:_tion involving either the injec-

tin .f air, gr_s, Dr water into the .A1 reservrAr. On the other 

the successful application these xethods to oi.l fields 

frim. P,nivttins founu at shallow kale_ at moeerEte depths 

require& investigative stuciies of the technical prcblems involved 

in the uevlopment of the by rilcuern seconaary practices. The 

tr-chnieF.1 phLs(; .,)f this pr:.:blkm is cmplf:x requirinL N:t only 

investiciativL siduuies of principles (Jf petrum engineering, but 

also investigative work invving gc.:-dogic i:n:1 economic consideration. 

Unite.. States Ge,,logicd Survey hE:s ben one -s:f the pioneers 

in the publication of rep:.)rts incc)rpJ)mting engineering any histori-

cal ante pertaining L the lipplicttion secondrry-rec-very -,:ethods 

to specific ..A.1 fielas. These reir,rts were intended to stimulate 

inte,rest in the practice .:)f sec:adary recovery, but in essence were 

t() aid •;pf:rt-)rs in the slection Ai 11 fioL-s enbraeing Indian 

5 
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lenas which may be exploiteu 1,rt)fitably by sLcondary-?':'covery 

ventures. This report on the secondary-recovery possibilities 

of the Olympic send in the Olympic field, Hu6lIcs and Okfuskee 

Counties, Oklahoma, is one of F: series of reports, 1/ 2/ 3/ w: 

secondary-recovery program of studies on selectea oil fields. 

It is the fourth report by the Special Stu ies Group of the Oil. 

and Gas Leasing Division, 14id-Continent Region, U. S. Oeologicd 

Survey concerning the application of seconacry recovery to oil 

fields cmbrncing restrictea Inoinn terra C rover which the Department 

of the Interior retains jurisaiction for the benefit of the ellottes. 

The purpose cf this report is to discuss the devlopment-

history and the relve geologicl are engine ring c! et}. pertin-

ing to the producing reservoir of the Olympic sr_ne in the Olympic 

field, Oklahoma. Furthermore, ny interpretf:tion of the productive 

chara cteristics of the reservoir, it is the purpose to esteblish 

correltion betweim oil. production and litholoic characteristics 

of the sane body as a criterion to designte areas in which second-

ary-recovery methods of exploitntion may be fe:E.sibly ma economically 

',pith this in view, the cf.rfurierciel imp:)rtnce 3f gt!s-

injection operations previously devdoped in the Olympic field 

the (TIginecring technique of ti,. opdratins erg discusser, fully. 

1/* Fox, I.W., Thigpen , C.H., Ginter, R.L., and Alden, G.P. , A Stuuy 
of Secondary 1),c;2.17cry s=ossibiliti,_,s in the Hogshooter 
Washington County, Oklahomt: U. S. Geological Survey, 1945. 

2/* Fox, I.W., Thigpen, C.H., Ginter, and A16.en, G.P. , A Study 
of Secondary Recovery Possibilities in the NowrAe-Clpggett Field, 
Now-__ta County, OklE',hem.f,:: U.S. Geologicd Survey, 1945. 

3/ Fox, I.W., Gintcr, R.L. , ari a_ G.P., Soconary Rec7:very 
Possibilities in thy. lAestern Part of the 1)21awrIre-Chil6er.: FielG, 
Nowata County, Okl':.hom.E:: U.S. Geoloeicel Survey, 1948. 

Out of print. 
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In view if the fr.ct that future secondary exploitation of the 

in this will probably incluLe the applicationOlympic 

jf practices, the engineering techniques involved 

in this methou of develcpment anL economics thereof crc ciiscusseu. 

This rport r,ly be of ptirticuler interest to th.Dse operators who 

are concernc:: the further cevelopment of properties by the 

api,iicLtion of sc,concry-recovery prt,:.ctices. In ecleition, it 

be of intert to those inUiviuuLlls seeking some technical knciwi 

eage of a proeucing reservoir from which the prGuuction has c..eclineCi 

through the "flush" prouuction stage to the "settlE,(.." phase of 

prouuction one still shows possibilities for future development by 

the uplicetion of seconucry-recovery methocs of operation. 

Loct;tion anc Extent of the Field 

The Olympic oil fiel is in the southwestern part of Okfuskee 

County anu the northwestern part of Hughes County, Oklahoma, about 

50 miles east c,f the ceuter of the state. (See pl. 1). The Stanuing 

Committee on Oil Fielc Nomenclature, Kansas-Oklahama Division, MiC-

Continent Oil :.nu GES Association, c.escribes the fielu es embracing 

9,120 Lcrs in Tps. 9 sic. 10 N., Rs. 8 mu 9 E. (See pl. 2). The 

LieveloDell 1:;Frt of the field, comprising 3,423 prouctive acre pro-

eating frU1:1 the Olympic sLnLi, u4tc-ne.s upr.)ximately N. le E. 

(.istLnc,, 6-1/2 iniles. At its brost pc.rt, the fiE.lc is 1-1/4 

rriilef; wicc, when c s of the: nerrwest port, it is about hr:If rrAle 

wine. The; :.)ffici;.1 Lescriptin fielu by too Nomencic.ture 

CommittLE is sus follows: 

7 
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52= sec. '7, 6W-1 sec. 6, sec. sec.3. 1.F' 
W,t- sec. ')O, enu sec. 31, T. 10 N., R. 9 L. 
El sec. 13, E±2. sec. 24, secs. 25 an 36, T. 10 N., R. R E. 
Secs. 1, 2, 11, 12, 13, and 14, T. 9 N., R. 8 E. 
Sec. 6 T. 9 %., R. 9 E., Inaian MeTicien. 

Data Examined 

Because the Olympic fielc was developeu in the latter 1,art of 

the thirties at a time when operators were becoming Ailly aware of 

the technical importance of uevelopwent and operational catz of an 

oil fiela, more information has been receraed ant been mace avail-

able for analysi -; than for many earlier oil fields in Oklahoma. It 

was most opportune that complete oil prouuction data were mace avail-

able by operators ana pipeline companies. These data together with 

complete wEll log r_oras mate the analysis of r,_:3k:rvoir conditions 

in the Olympic sand more comprehensiv. Much informEtion concerring 

the gas procuction of the Olympic sLnu was available for this stuuy. 

It was necessary, however, to estimate the gas prouuction of a few 

leaseholbs. This information and additional factual dataware suf-

ficient to sho aevolopment enc operational histnry end geologic 

aspects of the fiela together with the behavior of the Olympic reser-

voir, charLeteristics of the sz.ne bouy, present status cf the ',1ympic 

fielu, economic aspects of oil an',: prouction, rnc. oil reserves. 

The analysis of reservoir conditions entailea the excminetion of 

343 drillers' logs which aisclosed pertinent dFlta of all wells cam-

pletec in the Olympic sc.nu. Furthermore, four outAtional drillers' 

logs were obtained which perteinec to wells comploted in formations 

above or below the OlyLipic sane. Although 15 cor, ,:nrAyses in aULi-

tion to the aforomertioneu data were available, only two of those 
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analyses presentee information of the "pay" zone of Olympic sane body. 

The other 13 analys,:s prcsentea informLtion only for the interval 

from the Henryetta %mai to the top of the oil "pay" zone in the 

Olympic send. 

The c:repnration of the eevelopment may (sec pl. 2) inclue,z,d 

examinL:tion of proprty maps of the operators no Get,,mination 

of the status EDC1 uescription of the wells in the field. Achiitionel 

inforuation for this report was acquirer., by interviing operators 

enu inuiviuutis who hat, been engauc. in the development and operation 

of properties in this ficlia, 

liatL Assbled 

The technical assur,:bleu for ere the uate inclucee in this 

report confor.0 to the requirements of modern development cm- operat-

ing Fortunately, most of the pertinent ecAc. Pram which 

the principl conclusions wert., uerivee were re:.uily obt -innble though 

the preciseness of the (IL -La was often questionable. Nevertheless, a 

few data were not av,..Alabl one thus requireu pcmtulLtion, pr_rticu-

larly concerning the analysis of the reservoir perfor=cc:.luch of 

these Late, partioulrly with reference to interstitial ter ter content, 

porosity, gcs s3luoility, shrinkage of the oil, were not ueter-

minee by amilytical Llethoes erne:, perforce, were ecriveG by inGiv-:ct 

methou.s. 

All oil pro-uceG from this fiele by the vl.rious leaseholus, 

which amcunteu to 13,202,944 bi:xrels to July 1, 1946, from five 

proeucing formations, wr_s compiled. Because u few producing zones 

in the fiele other than the Olympic sum.. pre.,.uced some oil, estimation 
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by Gcclini:-curves of the voluri: c.)f oil prucc_ much 

necessary. Of the rnummultive nil proLuction from the ficlL,was 

it was estimrAeG thet the Olympic sane proLuceu 12,990,000 br;rrds 

to July 1, 1946. 

The accuracy of some of the Grillers' logs, especiclly sls to 

tne presence of the gas sanu cnu the thickness of oil send ex-post.d 

in a few wells, is in Goubt. Furthermore, luny wells cid not pene-

trate the Olympic sun completely, anu for these wells the thickness 

of the senu w:s estimateu from cross sections aligned through wells 

with recor,eG tot:1 thickness of slica. As the thickness of the 

Olympic sLnd hes been estim,:ted in many places by this mEthoa, it is 

reasonable to assume tht the thickness the s:nu will require 

uetermin(7,tion by nore precis: if future r..evelopment of the 

reservoir by seconuLry i:lethoLis is cntemplLtecl. 

Many uuuitional uLta concorniag the ,-evelopment .f the 

anu the perf,Jrtnuice of the reservoir were oatc.ine unu were incorp7,-

rateG in this report in the form of' ra.ps, plats, 6rephs, ant. tr;bles 

supplemcntLry to and in confirmtion of the test. Incluce, is the 

recorG of gr.:s prouction from the Olym-pic sLnu ana the gEs-injection 

seta. The presentation of all ciata concerning the performance of 

the Olympic s-_. reservoir in conjunction with the selection of ereas 

favorable to exploitation by seccricz,ry recovery esttmtes of 

reserves in these areas f:It:y prove to of material cd- to th;:sc 

operators interesteu in future cevelcpment of this ficau. Reserve 

estimates, c:Aiclusions, recommendctions covered in this revrt 

are mace as of July ' 191+6. 
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of the illustrtions in this report. they ar,-

U. S. Ge0logicd Survey lcborot.Dry, Casper, Wyoming, for the .3i1 and 

water analyses incluueL herein. To the members of the Geolwjed 

Survey who contributeu constructivecriticism one offereu many help-

ful suggestions in this stuL4, the :.uthoro ore sincerE.ly grrtcful. 

HISTORY 

Discovery and Development of Oil one Gas 

The cdscovery well of tre Oiyopic fielL, McCuslin Well 1, in 

the S4 UN- NAli sec. 12, T. 9 N., R. S E., vg,s completec by the 

Olympic Oil CumpLny, July 19, 1954, in the Cromwell sand at c total 

clepth f 3,474 feet by the rotary .loth ;f' Initial pro-

euctivity of this well is rt:c.;re., as beinc 25 barrels c)1 hourly 

during [: test 2 h.urs. In conjunction with the oil pro-

auction the well pruc,.2u 40 million cubic feet 3f grs daily. 

Although this was the discovery well of the Olympic fielu, it tgs 

not the aiscovery well of the Olyrpic sz.n(a. The well was aril lee 

through and recrued the Olyrapic zone as micuceous sc.nu at , -epths 

1680-1720 feet, anu.showing oil sf'turction. The z':)ne was n-)t, tested, 

however, for oil one gas prouuction. The log 1- f this well casu 

reoorLeL the Gilereaso snd between 3220-3235 feet ,vith cll satura-

tion in s,v -r11 pLr_ces. 

The Dixon-A Well 1, camplatut. by the Mcnahcn Oil Cof_ny 7,n 

December 8, 1934, in the NE*SW-Oki ;ec.. 12, T. 9 N. , R. 8 E. , as a 

south-offset well to the ciscovery well If the field on the MtCaslin 

leasehold, pr, raced oil from the Cromwell sr..nu for a time at a total 

depth of 3,456 feet, theprouucing zone being et depths between 

12 
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3438-3456 fey t. The olympic zone in the SenorF, f,rmation in this 

well was c6red. The core cruisiste6 sanU at ..epths rnging from 

1693-1700 feet; broken sand seturatecl with oil at ca(4)ths ranvAng from 

1700-1718 feet; and sae at Lepths between 1718-1751 feet. Little 

oil was produced from the Cromwell sand end the well was deepened by 

rotLry-tools. Deepening stLrtec. Jcnur,ry 23, 1935, and was completed 

Fobruery 11, 1935, et a total depth of 4,279 feet in the Wilcox sand 

of OrL:ivician LFze. The Wilcox send between depths 4277-4279 feet 

was proveu tc. 1),_, barren if one grs. pro,-uetion, 'jut was found to 

be wtiter '_)erring. The well wos then pluggee beck tc '-epth ‘).f 1,737 

c!ftcr too kAympic 16x..s conp1 ete on July 17, 

1935, with preuuction 100 bcrrels if oil eoily. It 

thus became the (ascovery well of the Olympic s.A-IL. 

field. 

The Olympic fielu might have been uisc:)vereL er.rlii:r if few 

of the wells that were Urilled in this area to the 0raivici7n rocks 

hail testes the oil anU gas bearing properties of the Senora formation 

where the drillers' logs shown_ oil satuntion in the sand. The most 

notevorthy these wells is mentioneu. John I. Cary, drilling 

contractor for the Inuepenaent Oil ane Gas Company, c.rilleu Carolina 

Well 1, in April 1924, in the SW SE* sec. 18, T. 10 N., R. 9 E. 

This well, by cLb1G-tool thethods to a totl depth of 3438 

feet, tcsto the Cr:mweil sore ct epths between 3433-343 feet for 

oil Gnu gas prouuctin. Thu to this ti ell showed that broken sand 

wes f..una at eepths betik.cn 1760-1836 feet, anu in this section of 

sad, oil anu has saturation ws reprted at o depth Jf 1800 feet, 

13 
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presumably in the se-nora f3rrAin. The prouuctivciness - f this zr.:ne 

WnS not tcsteL., however, mu the well was consiLereu to be cry anc'. 

was plugger. and abandoneu. 

After active uevelopment of the Olympic sr.na bad berun in the 

southern part of the fielc, a twin well to this dry hole, Fisher 

Well 1, was complete:: by the Ark Royalty Company on May 1., 1936, 

exposinE the Olympic zone in the Senora fomatin at cepths bet'xo,i:n 

1764-1829 feet. In view :if this, it is believz.:L that 1;he well urilled 

by the Incependent Oil any: Gas Co!!,pany on the Carolina le7..seh, Au muld 

have proveu thc3 oil anu gas potntialities c.f the Olyupic smu as 

early as 1924, hoc. it been testeu L:_equately. 

An active Lrillin cr . paich f3lloweu the cdsc:ivery oil in the 

Olympic sane,. Tte Olympic fidc. was extenuec the buris 

of the fielu soar were cefinec either by ury by wells with 

low initial prr,ouctivity. Many well pr:_ucinF frol.% the Olympic scne 

were completer- in 197T, but the peak of trilling activity was attained 

in 1936 when 178 prouucing oil wells were completeU. Luring March 

1937, 31 wells were completed one thereafter active uevelopment v;ork 

Uiminisheu rapiely hau practically terminates by August 1937, 

although a few wells were completeu as late as April 1938. Actually, 

347 oil wells were completes in the Olympic field ^roc of these wells 

343 were completed in the Olympic sha. 

As urillinF activity spreLu in the fief.., r_ail pro:_uction of 

the wells prucini.. fr.%.;:.: the Olympic scut ra:untee proportionately, 

reaching the pek A‘ 4,220,771 barrels f::r the yeor 1937, or an 

average of 11,564 barrels (.!=)ily. tSee pl. 3). The 1937 peak production 

14 
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of the fide for all producing zones amounted to 4,238,505 barrels, 

or an nveregc A' 11,612 barrels of oil per arty. (See pl. 4). Sub-

sequently, the oil prJouction iteclineU rrApiray and reached the period 

of settled production in 1942, '.:uring which year the Olympic stnd 

produced about 1,326 barrels A' oil daily, or an average :A' 4.3 barrels 

per well per cloy. During 1940-45, tend especially in 1940-43, ninny old 

wells were .teepened in the Olympic s,..nu, abL, in n few of these wells 

the Olympic sr.nL was exp-seu completely. The aeepening operations 

were carrieu out on many lecseholds throughout the field. 

Of the 347 oil wells completed in the Olympic fielL, dl but four 

were completeu in the Olymric stnd; one well hevin€; been completed in 

the Calvin a:41u; Eno well prouucirw fro thy.: Gilcret.se sand; one well 

procucinf: frog the CrtweiL snL. anL later the Bunton "lime", and one 

well producing from the Cromwell srnd. Of further interest is the 

fact that c. gas well in the NIVi sec. 13, T. 10 N., R. 8 E. produces 

Ees from the Gilcruese send. The yield of oil from all formations 

other the.. the Olympic sana has been only e saall percentLge of the 

totn1 pr,:,duction from the field to July 1, 1946, this volume being 

bout 1.6 bercnt of thu t„Itr,1 oil proLuction. 

rmu Completion Methods 

The rotary drilling methnu was useu to aevelop the Olympic field 

almost exclusively. however, a few early wells were drilled by stanu-

rd cable-tool meth:Jus. Jif,ny wells were drilled by the rotary method 

using light portu.ble urilling machines and e few wells were urilled 

with heavier urillin07 equipment 7)f the rotry type. 

15 
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DEVELOPMENT, OPCRATIONAL AND, ow PRODUCTIO% 

OF THE OLYMPIC FIELD 
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The uevelopent f the Olyripi-2 her,-] t the cc.nvonti 

10-acre spacing A' wells except in the n.)rthern pert of the fiele 

where a fevs sfAall leaseholds required closer spacing of walls. 

In urillini.; wells in this field, the usual practi,ce wr,s t3 set a 

conuuctor consisting c)f two or more joints of 10-inch, or 12-1/2-inch, 

or 15-1/2-inch et:sing through the surface soil, grave?, or quicksnnd, 

and to cement this cesin6 with cement slurry amounting tc 20 or 30 

sacks. 

In the e&rly development of the: ficia, it was common procedure 

to drill by rotary machine to e depth slichtly below the Hoiryetta 

cool bed, onc using:, this he_.: hS n marker, to core the top of the 

Olympic send 3r core until oil saturLtian wcs found in the srne, ./1(1 

then to cement 7-ine_ cnsin above the top of the Henryetta cool bed 

and drill the Olympic sEn6 with cable-tcol drilling machines. Owing 

to the continuity end uniformity of the Henryetta cool bed, it w,,Is 

used as a marker in all drilling operations. Furthermore, in c- few 

wells it was uscu as a mean estimate the depth to the top of the 

Olympic oil 6L-:a, thus eliminating the necessity of coring to locate 

this zcne. In other completion methous, 7-inch casinv was cemnted 

below the Henryutta cori in either a shale boa, in the top of the 

Olympic Liana in the shale i.7as cap za,nes, Gr rA the ucpsh• where 

oil satumti,:n was founck to ne pr3;.:nt in tc s%.nu. The qunntity of 

cement usou in these cementing oper tions rLni.,:kJu fro:ci 75 tf; 200 

scks, but usuuliy at,:ut 150 w_(..ks were used.. 

In virtually %II. wells, the Olyhipic malc. wes shot ::ith nitro-

0.yc;:rine. The charge raze from 1 to 3 quarts per foot of sLd 
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and aggregLted about 10 to 70 quarts of explosive load. Common 

practice was to stem the explosive charg using 1-1/2 to 2 cubic 

yards of wIld. The cnarge was explo..dc with either remote electricU. 

control or by use of a clock-controlled b:_ab. 

initial Procuction 

initi_l prc,cuction of wells :i.oc.ticinE from the Olympic smd 

in this fiolu reflectea the excellent pructive characteristics of 

the Olympic sen,.:i reservoir. It indicated that in many parts the 

field the Olympic sand was a very thick, highly permeable sand with 

normrl resii;rvoir pressure for its depth. Initial productivity 

the bE.tter wells Was recorded on the drillers' logs be as hivh as 

2,000 barrels daily. However, most wells in the ere!:s ,:.f thick sane, 

produc.;:d 300 to 1,000 barrels per day initially. The initial produc-

tion of most wells producing oil from the Olympic is shown by 

the initial pro‘iuctir)n map. (Sec pl. 5). It is to be noted that the 

wells Jf large initial prouuction lie in groups coinciUing with areas 

cif thick sant. and trencing usually in elongated zones with the long 

,.xis of thc: field. On the flanks t;f tl, c Olympic sand boy am:l in the 

ivirthern part of the fielu, pro._uctivity rates rr..-Igeu from 300 barrels 

daily initiLlly tc as low as 5 barrels per well per the avQrege 

bcling about 150 barrels. The average initia,1 pructiqn of all wells 

c2.mpletaq: in the Olympic sz'.11,, in 1935, was 394 barrels In the 

succceing years Jf develoment the average initil oruucti(m of wells 

pro:mcinu fron the Olyupic Liminishe6 gradualli. In 1936 it was 

296 barrels, anc. in 1937 it was 133 barrels per (Icy. 
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Meny arillers/ reel , rc gbs sibovc the (11 sr.n. in t:qc 

Olympic zone, especially those wells in T. 9 N., R. 8 E., in the 

southern part of the field, ana those Irells prducing from the Olympic 

sanU in the southern porticn A* T. 10 N., i s. 8 Ent. 9 E. Many of the 

wells completou in the Olympic san in these, raic%s proLuceL su!)st!=.n-

tibl volumes A‘ gas with the oil, t!li, wilume .)f gas gEuging fr= 0.5 

million to 8 million cubic feet .'1-• gas per ilky initially. FurCnr-

more, in the Niirl4 N14-:=4 "43- Nwl sec. 31, ;. 10 N. , R. 9 E. , well cuapleteu 

Se bomber 28, 1936, in the Olympic liced pce tht 

of the gas, however, was net rt;ccrded. In the NWi SINt N14 sec. 12, 

T. 9 N. , R. 8 E. , to well coripletf.0 in tiro: fllympic zone pruccu. con-

siuerable rfrs, ane 6fter bEine deencla into the -Al ',-,f;rie 

Uucee lure plumes of Ec.s unu e smell quantity cf ..)11. The rock 

pressure of this well wl.s recorcec on the urillersi loE as 575 pounds 

per square inch. In the SW1 3114 NL sec. 12, T. 9 N., F. 8 E., E. 

well cpletec in 1935, pr;Luceu 6 million cubic feet of gas end 25 

barrels of ail per cay initielly from the Olympic sFT.e with to reccrued 

rock pressur;y: 732 pounds per square inch. 

The initial prouuction of wells proeucine oil frun forma-

tions .Aher thrn the Olympic san% in this ficic: is worthy of mentiwi. 

A well in the SI* NW4 NW sec. 12, T. 9 N. , R. e E. , c..g..Apiete:., in the 

Cronwc111 kt t.,trl c,cl,th of 3474 130,, fl:Aveu initiPlly 25 

bcrrul n-urly curing c 2-bur testing period. In cddition 

thir: 40,000,CC;0 cubic feet f c.:-.11y. This well was 

1934, July 1, 1946 this well still was 

f 35 tH 40 b:.rrels oil criu 500 brreis of 
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water dEiiy. A well in the center of the NFk Ski- sec. 1, T. 9 N. 

P. 8 11,., which wus completed Mny 1942., in the GilcrePse sind et 

pluF-Week ueptb of 3250 feet produce iLltially 20 barrels of oil 

daily by pumping. On July 1, 1946, this well was not being produced. 

Of Dassing interest is the productivity of a well compLeWl November 

26, 194, in the SEi NE4 NEt sec. 13, T. 10 N., R. 6 E., which pro-

Gucci: initially 8-1/ 4 million cubic feet of gas from the Gilcr..ase 

sLnd at ,.:epths between 3202-3250 feet. The rock pressure of this 

well was recorded as being 866 pounds per square inch. 

Oil is procAlcc;es from the:. Olympic send by gee-expansion fore"-:s. 

Host wells cumpletce in ti_] ::• st:nd produced initially lc.rge volumes 

of g;.s with the oil end fio;:ed 1,;.Auridly for : short time after 

completion. In the early oi.eraticn of the field, much gas was wested 

i.e.:suiting in rapid deciin of both the rate of production uni the 

pressure of the reservoir. The losa of this reservoir energy led to 

the c.:rly Intro:Iuction of pumping operations when the wells ceased 

to fiow. in pumping olierations, the wells usually were connected to 

pui.l-rods jack-pumped from ormd-wheel powers uriven by gr.s engines. 

A few wells were operLted by individual pumping units. 

MLny of the drille-rst logs recoil:• the presence of sat water 

nitiflly in wells that penfltratea the Olympic sane on the west, south, 

end north fl%uks oV the field. In the er.rly development, the initial 

rutc of water r)roi;tietion rtived from 15 to 80 brrrels 

Athouch one well Itr.E reported 200 inrriAs cif wL:ter;E:r dLy 

initiElly. For thi:; fri.,. ny wells in the western p'At of the 

fir,la were completed orc'izl:lly by penetrating only pLrt of the Olympic 

"1.9 



sand. In the curly forties, many of these wolls were deepened Inc. 

in e few pieces the wells were drilled so that they completely pene-

trated the sane. Gunerelly no appreciable increase in victor production 

was noted after exposure of the lower pert of the sand in most of these 

aeepenea wells. 

The wells classifiea as dry along the west, south, tin a north 

edges of the Olympic fiela usually were reported as expesin water-

bearing sane in the Olympic zone. However, a few drillers' logs did 

not report water in the Olympic and in wells otherwise known to be 

dry. On the east side of the field, weter was not reported initially 

on the drillers' logs. As producing wells on the east side of the 

field have not produced salt water, it is believea not to be present 

here as edge water. 

In the southern part of the field, but generelly elong the west 

flank of the sand bony, water was found initially in many wells drilled 

below a aepth of 926-930 feet subsee-level. Most of these wells have 

producee some salt water, but usually they have not shown epprecieble 

increases in water production over the period of yours in which they 

were produced. In the northern part of the field, the top of the 

Olympic sand is founa in meny wells below e eepth of 926 net subsea 

end in many of these wells with thu exception of edge wells no eppre-

cieble weter has been proeuced. In fact, the electric log of n ges 

well, completec in the early pert ...if 1946 in the Gilcrnr13e sula in the 

NEt sec. 13, T. 10 N., R. 8 E., recorus the top of the =ter-

bearing serve at e depth. of 1008 fact subsea-level. The twin well to 

this gas well was completed February 5, 1946, procucing from the 
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Olympic suna initiully at the rote of 36 barrels of oil En:: 360 br.rrels 

of w- ter unity. 

Accoruir,gly, it is assumed that gas, oil, anti water ure separated 

gravitationally in the Olympic sand, the qac heing present mainly up-

anc the water being present on the west, north, and south flanks 

of the fielu. i-lowever, there is no well-defined water level in the 

Olympic sang in this field. 

Gasoline Extraction, Gas Injection, ana Oil Prouuction 

An F:lbsc,rption gasoline plant, still in operation, was constructed 

in March 1936, to process tho large quantity of available gas produced 

from the Olympic sand. The gasoline content of this gas on the basis 

of detorminetions mace in the field by the compression method ranged 

from 0.4 to 2.6 gallons of gasoline per 1,000 cubic feet. The gas is 

absorbea in mineral seal oil at the absorption plant, :►nd this en-

riched oil is trsnsportea to the aistillation plant s-q. Cromwell, 

Oklahoma, through a loop delivery system. The g&soline is recovered 

ana the residue gas is returnee to the Olympic field. The 8-single 

stage compressors at the absorption plant apply vacuum equivalent to 

10 inches of mercury to the gathering system. In 1937, the gas 

gatr:ering systun was extended to meny leaseholds in the northern part 

of the flab(' in order to utilize most of the gas produced in the 

field. A portion of this gas is purchased by utility company and 

the remaining gas is injectea into the Olympic sena by morns of the 

gEl-injection system. In August 193'', two 165-horsepower compressors 

were aCalud to the plant installation, and these wore used to deliver 

gee at a pressure of 500 pounds per square inch to the gas line of a 

utility company anc to the gus-injection system in the field. 
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Since the inception of gas-injection operations in fexzest 1937 

to July 1, 1946, the gas-injection system hes injected 12.0 percent 

of the gas proaucee in the fiala from the Olympic sand. This gas 

was injectea through a system comprising eight gas-irput wells i rreg-

ularly spaced throughout the field. This systoa of gas injection 

ooverea an area comprising 870 acres by leeseholds. Specifically, 

most ges has been injected into the Olympic sane: in the southern 

pert of the field. In essence, the gas-injection system acted as a 

eisposal system for excess residue gas. The response to the injcc-

tion of gas was b retareing effect on the decline of reservoir 

pressure and an increase in the rate of oil prouucticn. The injec-

tion of 2,183,397,000 cubic feet of gas has resultee in the reclama-

tion of ae estimated 212,000 barrels of auuitioncl oil to July 1, 

1946, which is equivalent to an eauitionel recovery over normal oil 

procuction of 244 barrels per acre. Oil production ettributea to 

repressuring in proportion to the total oil proauction is nrvereheless 

scanty, amounting to only 1.b percent of the oil produced from the 

Olympic send. 

Oil production from the Olympic send to Juiy 1, 1946, amounted 

to 12,990,000 barrels, whereas, the Olympic fiele produced 13,202,994 

barrels to July 1, 1946, from all producing horizons. The volume of 

oil procuced from 3,423 productive acres of Olympic send eggrc,gated 

3,795 barrels per acre to July 1, 1946. The better producing 

leeseholds have yielaea es much as 8,782 barrels of oil per acre 

from the Olympic sand, end 20.5 percent of the productive acres 

have yielded 4,000 to 5,000 barrels of oil per acre. The best 
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producing lenseholds ore in sec. 1, T. 9 n., R. 8 E., and sec. 25, 

T. 10 N., R. 8 E., in areas whore the Olympic siAld attains its 

maxi um thickness. 

The productive life of the wells producing from the Olympic sand 

is influenced by the inherent conditions of the lenticular type of 

sand body. In areas where the sand attains its best productive char-

acttaristics, the wells on July 1, 1946, ntill were producing. At 

that time 287 oil wells were producing in the field and of these wells 

28b were producing from the Olympic sand by pumOng. Also, 15 lease-

holds which hau proc.ucea 215,187 byrrels (;f oil from 25 oil wells had 

been abandoned. In areas where the sand body is thin, especially 

along the flanks of the Olympic send, many wells have long been plugged 

and abandoned. Many of the wells in the field have produced a smill 

volume of water, but in general the Olympic sl-;nu has not produced much 

water. 

Oil production from the Olympic sand for the period January 1, 

1946 to July 1, 1946, averaged 841 barrels of oil daily, or 2.9 barrels 

of oil dEdly per well. Estimated water production from the field dur-

ing the; sum period was about 50J barrels This water is injected 

into zones above the Olympic sane in this field through seven watr-

disposal wells. 

GEOGRAPHY 

Tocogrphy, Drvinefze, and Culture 

The terrain of the Olympic fioid for the most port is a. feotureless 

plain with the exception of the southern part where the topogrLphy is 

b-foken by hills and gullies. From the north the surface slopes gently 
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towerd Little Wewokr: Creek, u 5trc:c41. Eoutl:(!cstward cross: the 

southern part of th ,, fielu. From brad Mount:;in, a promint:nt ferAure 

of the hilly country in the south, the surface of the field slopes 

gerierally vortheastwarct to the aforementioneu stream. The altitudes 

of the field rang,2 from about 1,000 fe‘'t to 775 feet above sen level, 

or a rn,::xirlum relief cf approximately 225 . 

Little Aev.oka Creek, the princip•A stream :arbining the Olympic 

field, heads about L+ :ailes west and flows aI*0:-3S the fiela 

ward to its junction with V,'Eviroka Creek, e tributary of the North 

Canadian River. The Nortil C;anaciilin River is the principal stream in 

this generLd area !Inc, F:t its nearest point is about 2-3/µ miles 

northeast of the field. 

The Olympic field is isolated from the comunities and business 

centers of this district. The sar,11 communi ty of 3earcien on State 

Iiighwey 56 is enout half t, mile e:st of the northern limits of the 

field. The fielu is not uirectly accessible by mGdern paved highways, 

but it can reac:. d from this type of highway by inc.ahs of a system 

of graded roads. Mi.: to:n of Okernah on U. S. Highway 62 lies about 

r: milts northeast of the field. From here the field cm-i be re,,ched 

by means of State Iliehway 56, vi the towns of hettrden or Oromwc11., 

tz.d by use of branching muds. 

Farming in this hen is of little economic ir:portuicc cue this 

pursuit is pr•-:Acticc:o in only a .1' wt.y in the lowlr.nds. 

GEOLOGY 

Surface Stratig,r!.why 

The surface rocks of the DLyir,.dic field ere clE,ssifif.d n3 too 

Franc?: s and Seminole formations of the Mi ssouri seriesof 
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Pennsylvonian age. Over most ' The Olympic field the surface beds 

consist of interbedded tluc and 1,1ack shElles, srmestones, and thin 

beas of lin,estoncl which constitute the Frfincis formation. However, 

in the southern part of the Olympic field, the exposed rocks arc of 

the Seminole formation which here, in the ferm of conglomerate con-

sistir.g of white chart in a browz matrix succeeded by sandstones 

end shales, constitutes the surface strata 4/. According to Dillard 

5/ the Scminolt formction includi.6 members that ore interpreted to be 

equivdent to the Jones sand !Inc the Cleveland send which are prcduc-

tivc of oil Clevelana, 

Subeurfrce Stmtigreyhy 

Much of the informetion in this mport concerning the subsurfLce 

strctigraphy of the Olympic field has been obtained from earlie' 

reports in which it ns been discussed in detail by Tillotson 6/, 

Dillara 7/, anu Lott 8/. 

fiecause most oil wells in the Olympic field were drilled with 

rotary tools and it wo!; the j;,.inerd procctiure to obtain s,mples of 

only those formt.tions blow 1,000 feet in aupth, little information 

4/ Goulu, Charles N., Inuux to the Stretigraphy of Oklahoma: 
Oklahoma Geol. Survey Bull. 35, p. 48, 1925. 

5/ Dillrd, W. Reese, Olympic Pool, Hughes Okfuskee Counties, 
Oklahomr: Stmtigruphic Type Oil Fields, Am. Assoc. Petroleum 
Geologists Symposium, p. 458, 1941. 

6/ Tillotson, Alien W., Olympic Pool, Hughes tad Okfuskec. Counties, 
Oklhomz: Am. Assoc. Petrol t,um Geologists null. 11, vol. 22, 
pp. 1580-1581, Novembtlr 1938. 

7/ Iacm 
8/ Dott, Robert H., Regional Str'Aigrvphy of the Mic-Continent: 

ku. Assoc. Petroleum G.,)oloAist:; 131211. , vol. 25, September 1941. 
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is avaiLable for the subsurface beus above the Wetumka formation 

except where such ;:etc were outcined in n few wells. A few wells 

that were drilled to the Olympic zone by the cable-tool method ncve 

yielCeu goou samples are sevurrl deep wells drilled to the Wilcox 

s:'.ne of OrCivicinn age have been logged electrically. From these 

dcta iMotson 9/ has ccirreletei; Fmbsurface rocks in this field and 

special Ltti-ntion has boon given to th€ correlation of horizons 

bc.tween the Calvin for of PennsylvEnisn age an the Wilcox 

sancotone of Ordivici:m age. So far cs it cui be ascertLined, the 

thickness of tat PennsyliPlnian bees above tne Olympic send rrnge 

from 1633 f'eet to 1920 fct, wherc!.s PomsylvLnicm nriu OmiviciLn 

rocks ht.vinv total thicknc:is of e.bout 435O feLt becn recon.ed 

in the deiJpt,st Well so far crillC in this field. The strutigraphy 

of the surf:.ce ane subsurface rocks if Pennsylvcnicn and Orcivicion 

ogc which been in this fielc nre shown on the rx?ompPny-

ing stmti6J.Lphic section of the Olymcic field. (See pl. 6). 

'it,: Senora formt,tion iv the most importelat of th subsurfce 

formntions in the Olympic ficic: on nccount of the bro-uction of 

petroleum from its ...loot pronitient mmber, so-cnlleu Olympic 

StrLtigraphicnlly, tL.. Senora form(tion uncerli(s the C,:dvin sand-

stone which in this fielu raso his ',01:16 oil and vas from :me 

of its two pbreistent bccJ of sLnustne. The Olympic stn is bout 

150 feet ocdow tIA: top of the Senor'. formf.tion which in its uppermost 

pf-rt is caLpesec chiefly A' shale intersperocc in plac::s with beCs of 

9/ Personal communication 
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sandstone end saney shale. A thin bed of limestone, believe.- to be 

equivalent to the Veruigris limestone, occurs in places in the upper 

part of the stele et the top of the Senora formation. 

Stretigraphiceily the well known Henryetta coal, which here is 

about 2 feet thick, underlies the shale bens. It shows markec per-

sistence csit', is recorueu in most logs of wells diklleu in tnis 

Owing to its persistence r_:nU the fact that in places wher:. it is in 

contact with or is founc.: !lel:T. the Olympic zone, the coal hes been 

useu not only ns c structural ulrker, but h ^ been usee to prcuict the 

eeptb of the Olympic sec:, in trilling operations. The Olympic sand 

which is found below the HeLryetto cool is discussed in detail else-

where the text rel_tive the o• rd bony study. The Olympic sand 

is under17..in by UlLck shale:, and this shale in turn overlies the 

Senom limestone, e persistent be:.1 of lic.estone about 10 feet thick 

which is en excellent regional stretigruphic m:rkel". This limestone 

is oftentimes pieced correlatively on the top of Stuart formr_Ltion. 
\RA 

however, it is consiuereu herein one in the other reports ns 
,v 

basal member of the Senora formation. 

ti 

Structure 

The strike of the surface strete in the Olympic field indicttes 

tren..ing monocline. which Lips e'ntly northwest, end the 

gen.!rul rote alp is about 100 feet per wilc r loss. Tho align-

ment of the subsurface be of Pennsylvunien ego is similar to that 

of the formtitions cropping out in this arch for the strike rilf.; 

of t!l. surface CA subsurface strete en: nearly equivalent. The 

geologic structure of the top of the Hcuryettr cool in the Olympic 
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field as shown by the accompanying structure map (see pl. 7) reveals 

the strike of the formations to be approximately N. 25 E. and the 

dip of the beds to be northwest at a low angle of inclination. The 

general dip of 100 feet per mile is interrupted in smell areas by 

several anticlinal noses and synclines. 

Structure). interruptions to the norm]. dip es shown by the 

structure of the Henryetta coal on plate 7, include two small anti-

clinal noses one of which trends southwest from sec. 30, T. 10 N., 

R. 9 E., End the other or main anticlinal nose treneing south in 

secs. 1 and 12, T. 9 N., R. 8 E. These local structural features 

are depicted on the north-south cross section (see pl. 8) trending 

northeest with the strike of the field. Incidentally, there appears 

to be relation between the geologic structure of the top of the 

Olympic sand in eleces where structural anticlines re present (see 

pl. 9) aria the thickness of the send as shown by the Isopachous map 

on plate 10. In eduition, the structural syncline depicted on the 

geologic eubsurfece map of the Henryette coal is represented by e 

belt of thin sand extending transversely across the field in sec. 36, 

T. 10 N., R. 8 E., and sec. 31, T. 10 N., R. 9 E. In the northern 

pert of the field, the structural features of the Eenryetta coal in 

general show no relationship to variations in thickness of the 

uneerlying Olympic sane body. 

Although there is striking similarity between the subsurface 

structure of the Hcnryctti coal and the structure of the ton of the 

Olympic send, actually the structure of the sena shown less continuity 

then (loos that of the coal, ena it exhibits many irregularities which 
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are characteristic of sand bar ueposits. Stretiraphically, the 

henryetta cod lies above the Olympic sula one in airect contact 

with it in few pieces in the central dart of the field. however, 

cown-dip westward, the interval between the top of the Henryetta coal 

end the top of the Olympic sanu becomes greeter and in places this 

interval ia as much as 25 feet. The sand is lonticuler and pinches 

out abruptly on the east bounds c-, f the field, but it diminishes 

gr[sluelly in thickness on the west margin of the field. Where the 

Olympic st,nu is thick the dip of the structure is v(.q.y gentle. On 

the other hz.aid, the dip is far greater on the flanks of the sena 1:oay, 

it is more abrupt on th; Fit:Le of the field. Depositional 

"highs" comprising &mai. area ol closure an top of the Olympic s:,-nd 

generdly are elongLted co the northeast strike of the 

subsurface strata. (See pl. 9). 

The interruption of the normal northeast strike of the subsur-

•fcce structure as depictca on the structure map of the Henryette 

cod (see pl. 7) indicates the possible presence of a ftult %cross 

the southern part of secs. 17 Find 18, T. 10 N., R. 9 E., in the 

northern pert of this fide. The geologic map of Oh:Ir.:home campileci 

by Miser 10/ shows frAilting of the surface strata at two plees in 

th.., northern part of the Olympic field. One fault is in the SW SWi 

sec. 17, T. 10 N., R. 9 1. , trenGing northwest across the field to 

tht Nr4 Nkli sec. le, T. 10 N., R. 9 E., and second Malt occurs in 

the SW sec. 19, T. 10 N., R. 9 E., its fault plane trending northwest. 

here, the norrinl strike of the subsurface structure of the Honryetto 

12/ Miser, Hugh D., Geologic Mop of Oklahoma: U. S. Geol. Survey, 
1926. 
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coal (see p1. 7) is interrupted slightly, hut the eviaenco of fault-

ing is not conclusive as to trk.. presenc of foulting of the 

Pennsylvani7 7,t,i-Lt in this part of the fiela. In sec. 18, T. 10 

R. 9 E., the normal 'region111 dip of the henryetts coal changes from 

northwest to north (see pl. 7). At this place the variation in the. 

dip of the Henryetta cod supports other evicence of the possibility 

of a fault in the formations of Pennsylvanian age with a picric trend-

inc northwest across the Olympic fiele. generally, the subzurftce 

structure of the top of the Henryettc coel rno the gubsurfce 

structure .)f the top of the Olympic send are similar. However, 

these otructure differ in many cl&ces in the Olypic fiela because 

of the prescace of a.:!_11 Lor..ics on he top of ta.A Oly:cpic sand. 

(Soy: p1. 9). 

i- rouuctive Horizons nnU Non-.Crouctivc! Horizons 

Oil %uu gas have been prouceu c=ercially from five formations 

in the Olympic ficiC. The Olympic sane, which in this is R 

lenticular member in the Senora formation, occurs at icpth:- m:nging 

from 1633 feet in the Fouthern part of the: field to 1920 feet in the 

northern port. It has been the most prolific proucing zone of all 

the pmductive horizons which have been exploited. Other formations 

occurring above mu below the Olympic sane have produced some oil 

and of these fortions the Crmwell sand has been the most productive. 

Tho Calvin formation is the shvliowest of the producing forma-

tions in the Olympic field. It contnins two prominent sanustone 

mcmbers, the lower of which is the most persistent. This member 

occurs r,bout 200 feet above the top of the Olympic sand at about 
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1450 feet in eepth. It has produced oil and gas in a few wells in 

the southern part of the field. Other wells in the same part of the 

field have fount the Calvin sane to be productive of gas only. The 

most prolific of the gas wells produced 4)800:000 cubic feet of gas 

per day initially from the Calvin sand at depths of 1446 to 1483 feet. 

The Gilcrease sandstone is found below the Olympic sand and it 

occurs at a depth of approximately 3200 feet. Sc far in this field, 

it has produced oil and gas from two wells. In sec. 13, T. 10 N., 

R. 8 E., a gas well produced 8,300,000 cubic feet of gas per day 

initially and no oil from the Giicreese sand after the casing had 

been perforated between depths 3198 feet end 3217 feet. In the south-

ern pert of the field, a well in sec. 1, T. 9 N., R. 8 E., drilled to 

the Hunton limestone proved the formation to be barren of oil and gas. 

The well was plugged back to the Gilcrease send and this zone was 

tested for oil production on the basis of an oil show observed during 

aril ling operations. After completion the well produced initially 20 

barrels of oil daily from the Gilcrease sand. Oil production de-

clined rapidly thereafter and only a :mall quantity of oil was 

produced from this well during its productive life. 

With the exception of the Olympic sand, the Cromwell sand, a4 

mentioned previously, has been the most prouuctive formation in this 

field. The first well that was completes in the Olympic field in 

July 1934, in N'At NW* sec. 12, T. 9 N., R. 8 E., found commercial of. 

production in the Cromwell sand at aepths between 3425 feet and 3474 

feet. This well, which produced by flowing at the rate of 25 barrels 

of oil hourly during a 2-hour testing period, also produced 40 million 
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c feet of gas deny. On July 1, 1946, this well still was flowing 

an estimated productivity rate of 38 to 40 barrels of oil daily. 

Oil and gas were produced from the Cromwell sena for a short 

4tme by a well drilled in the SWi NE NIALI sec. 12, T. 9 N., R. 8 E. 

Its initial production was 30 million cubic feet of gas during the 

first 24 hours and 25 barrels of oil daily, and the initial rock pres-

sure of the productive Cromwell sand between the depths 3448-3472 feet 

was 700 pounds per square inch. This well produced oil and gas in the 

period, December 8, 1934 to August 5, 1937. At the later date it WIciS 

deepened to the Hunton limestone and drilling operations were com-

pleted in the Hunton on Octocer 26, 1937. This well produced 

initially 15 million cubic feet of gas per 24 hours together with a 

snail volume of high gravity oil from the Hunton limestone found at 

depths ranging from 4020-4041 feet. After producing for a short time 

from the Hunton limestone the well creterea Lulu it was then plugged 

and abandoned. 

A few wells were urilleci to the Wilcox senestone in the Olympic 

field to test the pror,uctivenesc of this zone.. It was proved to be 

barren of oil and gas, but proauccd water in all wells testing this 

zone. Two test wells were drilled in secs. 2 and 12, T. 9 N., R. 8 E., 

to total aepths of 4279 feet and 4359 feat, respectively. Sevcrcl 

wells that were drilled outside the limits of the field were reported 

as being "dry" in the Wilcox sandstone. 

RESERVOIR PERFORMANCE 

Oil md Gas Production 

The Olympic field, by reason of the performance of its reservoir, 

is classifier: es a field producing by gas expansion forces. After 
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Oovery of commercial oil production in the Olympic sand on 

7,17, 1935, an intense arilling campaign was instituted and 

the field was developed rapidly, reaching its peak production of 

4,220,711 barrels of oil in 1937. In that year the rate of pro-

*action for all producing horizons in the field was 4,238,505 

barrels of oil. Since 1937, the yearly oil production from the 

Olympic sand hes declined steadily reaching a productivity rate 

of 328,092 barrels in 1945. (See pl. 11). The rate of decline 

of prodv^tion ranged from 57.2 percent per year in the first year 

after the peak of production was attained to 10.0 percent yearly 

in 1945. What is mon., to the point is the fact that the Olympic 

sand has producea 12,989,817 barrels of oil since the discovery of 

its commercial possibilities in July 1935 to July 1, 1946. Of this 

volume of oil, en estimated 128,000 barrels has been produced by 

deepening of walls, and en estimated 212,000 barrels has been re-

claimed by the application of gas-injection practices. The appor-

tionment of this oil production attributed to deepening of wells 

and gas-injection practices and its rate of a;..cline is shown on 

the graph (pl. 11). 

Normal Oil Production. 

Since the discovery of commercial oil -production in the Olympic 

sand in July 1935 to July 1, 1946, the field hcs, by normal methods 

of operation, prouucea 12,777,378 barrLls of oil from this main 

producing zone. This volume of oil is equivalent to 98.4 percent 

of all oil that the olyipic sand has produced. As the Olympic sand 

ocaprises 3,423 productive acres in this field, the average oil 
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covery from the sand by normal methods of operation to July 1, 

.1946, amounts to 3,733 barrels per acre. For the purpose of this 

repeat, the normal production is defined as all oil produced by 

primary methods of operation inclucing also the oil produced by 

deepening of wells and ramedial work. 

The volume of oil produced per acre from the Olympic sane by 

normal operating methods (see pl. 12) and the distribution of the 

tracts yielding this oil inuicate that the producing characteristics 

of the sand are better aeveloped in the southern part of the field. 

Generally, tracts in thr northern part of the Olympic field have 

yielaea less oil than in the southern part. However, in many places 

in the northern part of the field, a few leaseholds have shown sub-

stantial oil production. The leaseholds having produced the most 

oil per acre ere in sec. 1, T. 9 N., R. 8 E., end sec. 25, T. 10 N., 

R. 8 E., in the southern ana central parts of the field. They com-

prise a total of 270 acres, which is 7.8 percent of Ell productive 

acreage in the field. The leaseholds comprising this area are 

classifies in the group eonstitutihg the brncket of greatest oil 

production which here ranges from 7,000 to 9,000 barrels of oil per 

acre. The best property, however, in sec. 25, T. 10 N., R. 8 E., 

produced 8,787 barrels per acre to July 1, 1946, by normal o-,:erating 

methods. More interesting is the fact that leaseholds comprising 

730 proauctivt: acres, Jr 21.3 percent of the total proeuctive acreage, 

have produceu 4,000 to 5,000 barrels per acre to July 1, 1946. Where 

the thickness of the Olympic sand decreases as on the flanks -)f the 

send body the volume of oil precucea per acre usually has been the 
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It is to be emphasized, however, that 2,'.82 productive acres, 

.72.5 percent of all productive Olympic send in this field yieleed 

r 2,500 barrels per acre by normal methods of operation to July 1, 

njection ena Oil Production. 

In August 1937, gas was injected into the Olympic send in en 

!effort to stimulate the production_ of oil end to dispose of thu
i 

.':resiaue gas remaining after extraction of the gasoline content from 
i 

the gas which was produces with the oil. Tho residue gas returned 

to the reservoir has becn instrumental in retaraing decline of not 

only oil production, but :-.1so the static pressure of the reservoir.
• 

To July 1, 1946, the injection of 2,183,397,000 cubic feet of gas, 

which is equivalent to 12.0 percent of thee'cumulative gas produced 

from the Olympic sand, has recleimea an adeitional volume of oil 

amounting to en estimatea 212,000 barrels. As the area covering 

the gas-injection projects comprises 870 acres (see pl. 13), the 

oil recovery attributes to gas-injection operations averages 244 

barrels per acre. (See pl. 14). 

Gas injection operations have been concentrated mainly in the 

area included in T. 9 N., R. 8 E., in the southern part of the field, 

although some gas has been injected into the Olympic send in sec. 19, 

T. 10 N., R. 9 E., in the northern part of the field. In the south-

ern part of the fielc in sec. 1, T. 9 N., R. 8 E., gas injection has 

contributed to the reclamation of edcitionel oil ranging from 600 to 

800 barrels of oil peli acre on the property showing the best response 

to this type of operation. On the other hand, a property in sec. 12, 
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N., R. 8 E., shows oil recovery by gas injection of less then 

barrels per acre fc:r the area emboaying the leasehold. Unfortun-

tely, the production record: of inaivicual wells was not available 

r this report end response to gas injection was attributed to the 

tire leasehold. Obviously, the effects of gas injection in many 

aces, hovered an area less then an entire leesehold. Consequently, 

the oil recoverea per acre from each leasehold by the injection of 

gas would be necessarily greater because of smaller productive area. 

.With the exception of the input well in the NW*, SE SWi sec. 12, 

11. 9 N., R. 8 E., all input wells have been injecting residue gas 

from the Olympic sand. In this well the casing has been perforated 

opposite the Calvin send and the gas produced from this zone is 

injecteu intc the Olympic sena at the pressure existing in the Calvin 

formation. The response to this gas injection operation which was 

started October 3, 1944, has not been greet although the leaseholds 

north end west of the property on which the input well is located 

have shown some increase in rate of production. 

The volume of g• injectee into the Olympic serve has been a 

small volume of the gas produced from this formation. The volume 

of gas introduced into the sans in 1938 was equivalent to 4.0 percent 

of the gas proauction. The injection rate since 19 38 has been in-

creased, so that for the first six months of 1946, the gas injected 

into- the Olympic send was equivalent to 41.4 percent of all gas 

produced• from that sand. The history of gas injection operatiens in 

relation to increasea oil• production from the Olympic sand is shown 

on the graph. (See pl. 15). Of particular interest is the fact that 
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INCREASED OIL PRODUCTION 
FROM THE OLYMPIC SAND 
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the inception of gas-injection operations in August 1937, to 

jtly 1, 1946, the volume of gas requires t procuco an additional 
Illta ce 

barrel of oil was 10,300 cubic feet. On the other hend, 15,800 cubic 

efeet of gas was injected in 1940, for each adzAtional barrel of oil 

that was rec'Areratl. This volume was reauced to '7,900 cubic feet of 

gas for each barrel of eucitional oil recovered curing the first six 

months of 1946. Inciaentally, the quantity of oil produced curing 

the first 6 months of 1946 by gas-injection operations was estimated 

to be 17,300 barrels. 

Oil Gnu Gas Proauction anu Gas Injection in Repressured Area. 

Specific data co%cerning the leaseholds constituting the area 

affected by the application of gas-injection operations reveal the 

efficiency this methou of operation when viewmi comprehensively. 

These act( prtsenteu on the accompanying graph (see pl. 16) show that 

this area hes proaucea 4,279 barrels of oil from the Olympic send by 

normal operation. Also, it has proauced by gas injection an addi-

tional 244 barrels oil per acre, making the total recovery 4,523 

barrels of oil per acre to July 1, 1946, for the gas-injection project. 

In operations covering the first six months of 1946, these properties 

produced 230 barrels of oil (Lily by normal operations, entl 96 barrels 

of oil Gaily by gas-injection operations, or a total of 326 barrels of 

oil daily curing this period. 

To July 1, 1946, cumulative gas production from the Olympic sand 

emountet to 6,485,160,000 cubic feet ma cumulative net gao was 

4,301,763,000 cubic feet of gas for the whole of the gas-repressured 

area. Gas injection since August 1937, at pressures ranging from 275 

37 



	

	

	

	
	
	
	

	

	
	

 
	
	
	

	 	
	

	

	

	
	

	
	

	
	

	
	

	
	
	

	

	
	

	
	

	 	
	

	

	
	
	

	
	
	

	

	
 
	

	

1

Y
E

A
R

L
Y

 O
IL

 P
R

O
D

U
C

T
IO

N
 -

@
 A

R
A

K
S

 
R.

AT
IV

 
.„,

,, 1
11

44
10

,11
11

.11
1

• I 
•
 

8
 

8
O

 
O

 
O

 
O

 

m
 1

11
 ti

vi
i.44

1 2
11

1M
OI

SS
IM

M
IN

Ite
k
ii
iI
II
II
II
IL

IN
IM

E
M

 
1
0
:E

=
1
1
1
=

3
1
1
3
.a

ii
4
 e

lk
 t

il
V

tI
ll
iM

M
E

IM
IN

s
il
l

4 
0
1
2
1
1
B

E
R

a
i
i
i
i
M

E
.,
..
 1

1
1
0
1
1
N

=
S

I
C

S
M

E
R

M
E

n
s

11
11

4 
E

l
m
"

- -
-1

-'-
i-
.
 

U
N

I
W

A
I
I
I
M

I
N

 
la

t
. 

-7
:-

. 1
1

1
=

1
1

1
1

1
1

1
1

1
1

N
 1

1
 

M
E

 L
-4

 -
-_

.1
7

 .
 
.
 
.
 

0
1
1
,2

1
1
1
1
1
1
1
1
1
1
1
1
 

. '
' 
9m

m
ag

na
m

in
4 
I
I
I
I
I
I
M

M
I
O

n
li

t
I
P

P
"

 M
E

 
I
M

M
U

N
I
S

E
R

:
I
 

I
d

 
P

i
r
M

i
l
l
I
r
7

 
i

-
M

u
l
l
=

=
=

9
n

o
s

 p
u

11
 K

ill
m

ri
m

m
ia

=
=

=
=

a
m

e
ra

lm
a
li
ir

a
l 

V
 A

N
N

 
' 
A

d
ia

li
n

g
li
M

M
E

M
E

N
1
= 1
=

1
11

Z
IN

E
L

III
F

IS
 

N
E

 
0

.7
1

M
IN

F A
M

E
N

E
=

 
1

 
I
M

I
S

I
M

M
I
N
M

M
A 

IZ
I 
M

il
IO

N
IM

O
 

11
=

1
 

r. I
I

1 8
4
1
=

1
=

1
 

1 M
IN

=
W

il
la

ir
4
1
1
1
1
1
1
1
1
8
1
4

114
1
 

-c 
I
I
M

M
I
I
l
l
i
=

1
1

:
2

2
M

1
1

1
1

1
1

1
1

1
1

1
1

il
it

if
iN

F
A

M
M

IN
I 

M
 

m
 

>
 

M
r 
t
r
t
m

in
um

ai
na l

l
M

E
M

 h
il

l 
!A

P-:
1
1
1
1
1
1
1
1
1
1
1
K

1
1
 

1
1
1
 A

g
o

lI
C

IN
IE

 M
E

M
 V

 ;
.1

1
1

=
t
r

.:.', 
i 

II
IV

IT
IE

M
1

 rm
ai

lli
nZ

O
IH

W
IE

 V
al

I
I
 

A
1
1
1
1
1
1
1
1

7
1

1
1

1
1

1
2

2
 '

 
o
ff

 i
ii
ia

la
im

it
A

IN
N

IN
II
II
IN

N
IM

IN
F

IE
V

IL
U

N
IN

I 
- 

-
-. 

• : 
is:

t ;;!-
A?

Li
!
 '

M
al

lk
ni

z-
11

01
1,

11
11

M
m

om
m

om
m

ea
m

m
m

m
ai

n 
zu

m
er

m
ar

ow
. 

- :
 : 

.2
- 

' 
7 

11
11

11
1 

L.1
1I

l
o
f
t.

t.
a
r
ti

m
m

m
o
m

m
E

il
ll
1
1
1
 U

M
W

 N
M

N
B:

tk
Ill

ik
IL

N
IU

M
N

IM
IN

IN
N

I I
I N

 
11

11
11

11
11

.7,
1M

 
M
t
 
i
r
a
 
A

lk
 I
I
 

IN
 s

a
m

m
in

A
ll

V
U

N
g
r
a
m

i
l
l
i
m

 
A

=
I 

s
w

i
n

e
r
n

 
g
li

d
n

a
ll

if
N

r 
:.-

 M
E

E
 1

.,1
.,.

.1
 

L.
V.

Si
Ni

ln
iM

i 1
11

61
16

EN
NU

M
IP

IP
 .t

' I
II

N
 IM

P 
7

.it
---

7-
-,--
11

1:
1=

11
1M

A
N

 
'..

i,• 
n

r
ii

m
I I

M
EN

91
11

13
41

 
tn

 
. 1

in
if

io
nt

A:
F1

11
1 M

eg
 R

E 
1

3
1

/. •
 0

.; 
i;

; 
,,
2
1
=

1
"

. 
... 

,i,
 ..

, ,
,,.

 .
. 

3
1

1
0

1
1

1
1

;.
:1

1
 I

II
II

I 
0

 
.
:
!
:
 

/
 

1
P

I 
' '

 
IN

EV
O

NN
II

 - 
..,

_ 
-_

 
A i

 03
 A 

111
116

1P 
V'.

 
`
F

a
 I
 
i
n

s
i
n

i
 
i
l
l

..
..

..
..

..
..

' 
, 

1
 

,
 
.i
.
„
.
 .

. 
T

 •
.. 

i 
, •.: 

' •
 

ffi
: 

'-
'4

, •
:•=1 

•irc
•

11
.4;

 
M

E
 
,
i
f

 
I
F•
 

u. 
f. 

w
! M

O
H

•

N2
:i 

!W
O

M
B

 ..
. i

. 
7 
4

..
 i

- 
i 

- 
-

Ilil 
RIE

NC
%

la
 I

. • 
1-

--
--

-7
-7

".-
- 

-"
.'f'

ii;
 

-1
.0

,1
 I

L
 M

IM
E

 
A

l
IN

 il
t 

il
ia

ifi
tii

gH
tf 

ild
,V

IV
II

IM
Er

ig
 A

 •i
iii

ht
•N

I 
A

li
ti

:5
1M

5M
ii

i M
IN

IM
MI

 .1 
[6

.T
FA

IM
 

CM
 41

11
1.1

EN
W

RI
P 

!fg
 M

E 
im

. 
M

A
E

O
ff 

M
ill

A
ili

tit
en

ie
g 

V
. t

: 
tti

AN
UM

EI
NI

CA
RR

ii 
'Il

i A
IM

 if
fli

kt
lei

 
i:

 ::
:-

 .i
re

il
ir

M
ie

fl
ti

ig
rI

N
I 

M
D

 I
M

E
M

ig
in

n
ir

. '
 

-,-
,..

..,
..: 

-P`
M

:. . 
1-

1F
 

i .-
1„ 

.-i
, i

F 
%

_,
,,,

. '
 ' • 

1 '
 

., 
It

 tl
iV

11
12

11
m

•
1 

'T-
_h

i';
! 

*r
-

. _
i !#

t&
 -I

 • 
' i

PP
 1

4 
0 

-ir
r

'ii
 • 

."
A

 ..
;, 

ii
 

-,..
, .,

, 
,, 

t.:
 -,

-
A 

I
 

0
 

I
 
I
 

o
 

1
1
 

p 
P

R
O

D
U

C
T

IV
E

 A
C

R
E

S
 I
N

 
A

V
E

R
A

G
E

 G
A

S
-

Y
E

A
R

L
Y

 G
A

S
 P

R
O

P
U

P
T

IC
0

1
. 
A

M
C

. 
IN

J
g

C
T

/0
 0

 - 
M

C
r
 

li
A

S
-I

N
J
E

C
T

IO
N

 A
R

E
A

 
IN

J
E

C
T

IO
N

 P
R

E
S

S
U

R
E

-P
.S

.I
.

I 



7° pounds per s, -.re inch, amounteU to 2,183,397,000 cubic feet 

gas. This volume is equivalent t;) 33.7 percent of n11 gas pro-

cea on these leaseholds. During the period January 1, 1946 to 

y 1, 1946, gas was being injected into the sand at the rate of 

shout 755,448 cubic feet daily, which was equivalent to 79.1 percent 

,lof the total gas produced daily from the leaseholds. Of interest is 

the fact that since the inception of gas-injection operations, 10,300 

cubic feet of injecteu gas has been requiree to produce each additional 

barrel of oil from the Olympic send. 

Generally, the ratio of gas procuction to oil proauction is used 

as a criterion of the operating efficiency of an oil property. Further-

more, it is often inuicative of such physical characteristics of the 

sand as permeability, presence of gas sand, and other characteristics 

of the formation. For instance, the cumulative gas-•ail ratio in the 

area of gas injection was 1,648 cubic feet of gas per barrel of oil 

and the net cumulativ„: gas-oil ratio aaounted to 1,093 cubic feet per 

barrel to July 1, 1946. It is to be assumed from these data that in 

general gas injection is controlled and little by-passir►6 has occurred. 

However, in the first 6 months of 1946, the average gus-oil ratio in 

the repressurea area was 2,928 cubic feet per barrel of oil, whereas, 

the net gas-oil ratio averaged 611 cubic feet per barrel. The large 

variations between gross gas-oil ratio and net gas-oil ratio for this 

area during the first 6 months of 1946 indicates lower operating 

efficiency anti no doubt to some extent by-passing of gas through the 

gas sane in the gas-injection area. Granting that the gross gas-oil 

ratio has increased to a relatively high value in 1946, it has, 
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'lever, shown little change since 1943. At that time the gross 

as-oil ratio for wells producing from the Olympic sand in this area 

veraged 2,992 cubic feet of gas per barrel of oil produced. 

it Produced b' Normal and Gas-In ection Methods of Operation. 

Since 1935 to July 1, 1946, the Olympic field has produced 

12,989,817 barrels of oil from the Olympic sand by normal and gas-

injection methods of operation from 343 oil wells draining 3,423 

productive acres. This is equivalent to an average recovery of 

3,795 barrels of oil per acre. The Olympic sand has produced 98.4 

percent of all oil produced from the field. Formations above and 

below the Olympic sand have produced 213,177 barrels of which the 

Cromwell sand has yiclucd the greatest volume;. A recapitulation of 

oil produced from the Olympic sand in the Olympic field to July 1, 

1946, is given in table 1. 

Table 1 

Oil proauced by normal and gas-injection methods of operations 
to July 1, 1946, in the Olympic field, Oklahoma 

Oil produced to July 1, 1946, 
:Produc-: from the Olympic sand 

Operating phase: tive :Percent of 
:acres : :Bbl.per: Bbl. per : total 

Bbl. : acre :acre-foot:production 

Normal 3,423 12,777,378 3,'733 113.5 98.4 
Gas-injection 870 212,439 244 6.8 1.6 
Normal and 
gas-injection 3,423 12,989,817 3,795 115.4 100.0 

Notwithstanding the fact that most oil was produced from the 

Olympic sand in the southern part and the central part of the field 

by normal and gas-injection methods of operation, a few leaseholds 
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in the northern part of the fielu also have excellent records of 

production. Leaseholds in sec. 1, T. 9 N., R. 8 E., end sec. 25, 

T. 10 N., R. 8 E., have yielded as much as 7,897 and 8,782 barrels 

of oil per acre, respectively, to July 1, 1946. The apportionment 

of the oil production and the distribution of this production by 

tracts in the Olympic field is shown on the map (pl. 17). Here, it 

is to be noted that generally the oil production in the northern 

part of the field has been less than that in the southern part of 

the fiela. Furthermore, that lecseholds producing on the flanks of 

the sand body have produced less oil per acre than have leaseholds 

producing from the thicker section of Olympic sand. 

Oil Produced by ell Horizons 

The cumulative volume of oil produced in the Olympic field 

from all horizons since the opening of the field, July 19, 1934, to 

July 1, 1946, is recorded as 13,202,994 barrels. Of this volume of 

oil the Olympic sand Ins produced 98.4 percent, or 12,989,817 bar-

rels. Other producing zones such as the Calvin send, Gilcrease 

send, Cromwell send, and Hunton lime have produced 213,777 barrels 

of oil. Of this amount it is estimated that the Cromwell s;ind has 

produced 209,338 barrels to July 1, 1946. 

The greatest recovery in the field is attributed to a lease-

hold in the NW* NV4 sec. 12, T. 9 N., R. 8 E., where recovery to 

July 1, 1946, was 10,498 barrels per acre. This leasehold produces 

from the Olympic and Cromwell sands and the oil production to July 1, 

1946, was 5,491 end 5,607 barrels per acre from the respective sands. 

Referring to the proauction map (see pl. 18), it will be observed 
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'that the tracts of greatest recovery, which comprise 120 acres or 

3.5 percent of the total acreage, have produced from 8,000 to 

10,000 barrels of oil per acre, end that 56.8 percent of cal acreage 

has produced over 3,000 barrels of oil per acre. 

Ultimate Oil Production 

Ultimate oil production from the Olympic sand, including pest 

production to July 1, 1946, and future estimated production by 

present opereting methods, continued to an economic limit of 1.5 

barrels of oil production per well per dey, is estimated to be 

14,380,000 barrels, or 4,200 barrels of oil per procuctive acre. 

This estimate is besed on the theoretical premise that the present 

operating methods will be continued to the 1.5 barrel economic 

limit, auu that all wells on specific tracts will cense to produce 

concurrently at this economic limit. Generally, such conditions do 

not occur. Actually, oil wells reach their lower limits of profit-

able production irregularly and are accordingly plugged and 

abandoned, thus reducing operating expenses of the leasehold. It 

may therefore reasonably be assumed that if current operating 

methods were continued, the ultimate oil production from the Olympic 

send would exceed the aforementioned figure of estimated ultimate 

production. Accordingly, for the purposes of this report it is 

estimated that a continuation of present methods would recover, 

after July 1, 1946, from all prociucing horizons, an estimated 

1,450,000 barrels, or an ultimetc oil pro action from all horizons 

of about 14,650,000 barrels. Upward revisions of the posted price 

of crude oil will correspondingly result in larger monetary returns 
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from production clad in lower economic limits of production. This 

variable and others are important factors in estimating future oil 

production by present methods and as a result such estimates must 

be regarded as largely hypothetical. 

By continuation of present producing methods it is estimated 

that an ultimate recovery from the Olympic send of 8,000 to 10,000 

barrels per acre woulc not be unusual on the more prolific lease-

holds. It is estimated that the most productive leasehold, Si Ntli 

sec. 1, T. 9 N., R. 8 E., will recover about 9,584 barrels per acre. 

The distribution end magnitude of oil recovery from this tract end 

other tracts is shown on the map. (See pl. 19). It will be noted 

that 2,602 acres, or 76.0 percent of all productive acreage, will 

in ell probability have an ultimate recovery exceeding 2,500 

barrels of oil per ten. from the Olympic sand. 

Gas Production and Ges-Oil Ratio 

Gas proauced auring the period July 1935 to July 1, 1946, by 

wells proaucing from the Olympic send is estimated to be 

18,247,065,000 cubic feet. In 1937, gas production from the Olympic 

sand attained its peak amounting to 4,508,047,000 cubic feet. After 

1937 gas production declined rapidly ana in the first 6 months of 

1946 gas production from the Olympic sand was 332,559,000 cubic feet. 

(See pl. 20). If ;he present production practices in the field ere 

continued, it is estimated that the ultimate gas prouuction from 

the Olympic zone will be of the order of 25,400,000,000 cubic feet. 

Net gas proauced.in the ,field from the Olympic sand, or gross 

gas proauction less tho volume of gas that was injected into the 
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bervoir to July 1, 1946, is estimated to be 16,063,668,000 cubic 

00t. At the rate gas was proeuceu in the perica January 1, 1946 to 

JVly 1, 1946, it is anticipated that the net gas production from the!!; 

'Olympic send for 1946 will be less than 400,000,000 cubic feet. 

The cumulative gas-oil ratio, or ratio of gas production to oil 

production for the Olympic sanu in this fief,, to July 1, 1946, was 

computeu to be 1,405 cubic feet of gas per barrel of oil production. 

(See pl. 21). In contrast to this, the prosy gas-oil ratio in the 

first six months of 1946, averagea 2,184 cubic feet of gas per barrel 

of oil proaucuu. On the other hand the gao-oil ratios of specific 

.leaseholds were exceptionally high. Fl,r instance gcs and oil were 

being procuceu at a ratio .1f 10,525 cubic feet of gas for each 

barrt1 of oil prouuction on a leasehola in sac. 1, T. 9 N., R. 8 E., 

in the area of gas cap prior to July 1, 1946. Most of the higher 

gas-oil ratios are found to be in the area embracing the southern 

part of the fielu, and as to ba expected generally are in the area 

embouying the zone of gas cap of the Olympic sena. 

To July 1, 1946, the cumulative net gas-oil ratio of the Olympic 

send for the fielu was calculateu to be 1,237 cubic feet of gas per 

barrel of oil produced. This cumulative net gas-oil ratio is shown 

on the graph (pl. 20). It is noteworthy that fc.r the first six 

months of operation in 1946, the not gas-oil ratio of tht Olympic 

send was only 1,286 cubic feet of gl,s par barrel of oil pr)auction. 

Oil Production ana Reservoir Oil 

An analysis of the productivity of the Olympic reservoir by 

tracts was essential to show not only the quantity of oil that was 
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duced by variorq phases of operation, but also to ascertain the 

productive characteristics of the sand body. It was thus possible 

to estimate from the basic data the original oil content of the 

reservoir and also the resicual oil remaining in the Olympic sand 

after withdrawal of the oil ana gas fluid. These oil production and 

reservoir date ere given in table 2. 

Here, it is shown that of the estimated 86,215,400 barrels of 

initial oil in the Olympic sand, 12,989,817 barrels, or 15.1 percent, 

vas produced to July 1, 1946, or that of the average initial oil con-

tent of 25,187 barrels of oil per acre, 3,795 barrels per acre were 

produced to July 1, 1946. This recovery repre3ents a quantity of oil 

equivalent in volume to S.0 percent of the voids in the Olympic 

reservoir. There remains in the sane as of July 1, 1946, an estimated 

73,226,000 barrels of oil, which is equivalent to 21,392 barrels per 

acre, or 650.2 barrels per acre-foot of sand. This volume of residual 

oil represents an -Al content of the reservoir occupying 45.3 percent 

of the void spece in the Olympic sand. 

All oil rithdrawn from th. Olympic sand reservoir is expressed 

in terms of barrels of oil run by common carriers furnishing outlets 

from the field rather then the actual barrels of oil that were pro-

duced from the Olympic sand. Prior to February 1941, the compcnies 

operating pipe lines usually deeucteu from 2 to 3 percent from the 

volume of oil gaugeu at the stock-tanks to allow for evaporation and 

wastage of oil during transportation in the pipe line. In compiling 

date as to the quantity of oil withdrawn from the reservoir, no cor-

rection has been applica for the variation from the actual volume of 
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Pil that was produced in the field from the Olympic sand. In view of 
' 
the tolerance permitted in estimating many of the factors pertaining-

the reservoir which enter into the computation of residual reservoir 

oil, it was considered appropriate to use actual oil runs in appraising 

• the residual oil content of the Olympic reservoir. 

It may be well to emphasize that if the ultimate oil production 

from the Olympic sand, estimated on the basis of continuing present 

producing methods, is expressed in terms of original oil in place, this 

recovery will be equivalent to 16.7 percent of the initial reservoir 

oil, or equivalent to 8.9 vrcent of the total voids in the Olympic 

"pay" zone. 

In evaluating the productive characteristics of the Olympic sand 

in this field it seumen advisable to classify the productive areas of 

the sand. Therefore, the Olympic sand body was segregated into four 

classes in accordance with its productive ability, and the distribution 

and extent of the four classes are shown on the map (see pl. 28) ac-

companying the text which describes the sand body. On this map the 

various classes of productive sand, ranging from 1 to 4, represent the 

respective areas of best and poorest send body conditions as deter-

mined from E.-study of productivity charccteristics. 

Table 3 shows the oil production and rservoir date for the various 

classes of st.nd body. Here, it will be noted that the productive sand 

designatau as clss 1 and class 2 is much more prouuetivc with a yield 

of 7,052 and 4,81 barrels of oil pef acre, respectively. The area 

embodying class 3 type of sauna body is Ai less commercial value and 

class 4 area is of littleor no commercial -importa nce. 
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tibia 3 

Oil production and reservoir data classified by producing characteristics of the Olympic sand, 
to July 1, 1946, in the Olympic field, Oklahoma 

of Sandbody 1/ 
Class 3 Claes 4 

911.0 280.0 
220.0 0.0 
92 28 
9. 10.0 
47. 39.5 
33.1 24.7 
36.5 
17.1 14.7 
35.0 35.0 
1.22 1.22 

40,009,900 7,903,800 
43,919 28,228 

1,9d2,890 148,816 
2,177 531 

65.8 21.5 
28,707 

130 

3.6 
2,011,597 148,816 

2,208 531 
66.7 21.5 

21,325,000 4,212,700 
23,408 15,045 

707.2 609.1 
5.0 1.9 
9.4 3.5 

19.313,403 4.063.884 
21,200 14.514 

640.5 587.6 
48.3 51.4 

Productive acres in developed tracts 
Productive acres affected by repressuring 
Oil wells 
011-well density, acres per well 
Formation thickness, feet 
Productive sand thickness, feet 
Productive sand thickness of repressured area, feet 
Porosity (weighted average), percent of bulk volume 
Interstitial water content, percent of voids 
Formation volume factor 
Reservoir void space, bbl 
Reservoir void space, bbl. per acre 
Normal oil production to July 1, 1946 
Normal oil production to July 1, 1946 
Normal oil production to July 1, 1946 
Oil produced by :pi, injection to July 
011 produced by gr3 injection to July 
Oil produced by gas injection to July 

acre-foot 

• bbl 
▪ bbl. per acre 

bbl. per acre-foot .... 
1, 1946, bbl 
1, 1946, bbl.per acre 
1, 1946, bbl. per 

Total oil prot ,Iced to July 1, 1946, bbl 
Total oil produced to July 1, 1946, bbl. per acre 
Total oil produced to July 1, 1946, bbl. per acre-foot 
Initial reservoir oil as stock-tank oil, bbl 
Initial reservoir oil as stock-tank oil, bbl. per acre 
Initial reservoir oil as stock-tank oil, bbl. per acre-foot 
Oil produced, percent of reservoir voids 
Oil produced, percent of initial reservoir oil 
Residual reservoir oil as of July 1, 1946, bbl. . 
Residual reservoir oil as of July 1, 1946, bbl.per acre 
Residual reservoir oil as of July 1, 1946, bbl.per acre-foot 
Residual oil saturation as of Tuly 1, 1946, percent of voids 

1/ Represents classes of sand body depicted on plate 28 

Productive Class 
Class 1 

460.0 
150.0 
46 
10.0 
47.7 
35.9 

'2O.1 
35.0 
1.22 

26,682,200 
58,005 

3.194.370 
6,944 
193.4 

49.439 
330 

7.9 
3,243,809 

7,052 
196.4 

14,221,600 
30,917 

861.2 
12.2 
22.8 

10,977,791 
23,865 

664.8 
41.1 

Class 2 

1,772.0 
500.0 
177 
10.0 
47.6 
33.2 
33.7 
19.1 
35.0 
1.22 

87,160,300 
49,188 

7.451,302 
4,20 
120.7 

134,293 
269 

8.o 
7,585.595 

128.9 
46,456,100 

26,217 
789.7 

8.7 
16.3 

38,870,505 
21,936 

660.7 
44.6 



 Obviously, that part of the sand body apportioned to classes 1, 

ana 3 shows the best posrAbility for the- application of secondary 

thuds. In these lespective classes the soil content of the sand 

11averages 23,865 barrels per acre, 21,936 barrels per acre, and 21,200 
i 

*barrels per acre. Notwithstanding the fact that the sand body in 

class 3 appears to show reserves of oil favorable to secondary develop-

ment, it uoula be more prudent to apprLise mtny leaseholds in the class 

3 type as marginal properties for yr.:ter-flooding development at a price 

of oil approximating 41.60 per barrel for this field on July 1, 1946. 

However, a few properties in this c ass probably could be exploited 

profitably at this price, and '.n increase in the price of crude would 

make exploitation of additional class 3 properties economically feas-

ible. Tilt-. leaseholds embouying the sand body classified as type 4 

have nc future secondary possibilities under known procedures because 

in these areas such characteristics of the Olympic sand es porosity 

anU permeability indicate poor conuuctivity and low recovery, even 

though the oil seturfAion i3 upper:,ntly high. 

The estimation of the oil content of the Olympic sane involved 

certain data which eoula not be determined precisely for this reser-

voir. The datL,. as used, however, appear to be consistent with reser-

voir conditions emu to be conservative in velue. For this reason, the 

resiuual oil content of the sanu body which is classified cs 1 and 2, 

en which in this report is evaluated es 41.1 percent irld 44.6 percent 

of the pore space in the sanc3, should be considered as conservetive. 

In ceriving the volume of resiuual oil in the sand, the computa-

tion includeu an estimated interstitial water content of 35 percent of 
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e pore space, and en estimated formation volume factor of 1.22. 

Sencient data based on actual determinations of these factors were 

Inot available, but the values are analogous to those of similar reser-

voirs and are believed to be applicable to the Olympic reservoir. 

The dist-tbution of the productive acreage of the Olympic sand 

relative to its specific classification and the percent of oil pro-

duction attributed to these areas is summarized in table 4. 

Table 4 

Status of classified areas on July 1, 1946, relative to performance 
of the Olympic reservoir 

: Productive : 
acres, . Wells, : 

Class 21 : percent of : 
: total acres : 

p
t
ercent of :Oil
otal wells :per

 produced to July 1,1946, 
cent of total production 

1 
2 
3 
4 

13.4 
51.8 
26.6 
8.2 

13.4 
51.6 
26. 3 
8.2 

25.0 
58.4 
15.5 
1.1 

1/ Class of sand body depicted on plate 28. 

Reservoir Characteristics and Behavior 

The oil industry is adopting the fundamental hydrodynamic and 

physical principles controlling the movement of hydrocarbons in 

reservoirs to problems of production and to problems involving esti-

mation of oil and gas reserves. These principles can be applied to 

the performance of the Olympic reservoir in the Olympic field. 

Unfortunately, very few of the required physical data relating to 

these principles were recorded when the field was discovered, or were 
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termined during the early period cf production. Such characteristics 

pf the fluid as the solubility of gas in the oil, shrinkage of the oil 

and gas phase, and absolute viscosity of the oil--all of which are 

!Unctions of the reservoir iressure, were not measured. In addition 
I..4• 

to these items, such important features of the reservoir as intersti-

. tial water content, porosity, and relative permeability are either not 

available or lack sufficient detail for general usage. Fortunately, 

Beal 11/, also Musket and Taylor 1.2 , hove furnished data concerning 

the behavior of hydrocarbons at reservoir-temperatures and pressures 

which appear applicable to reservoir-concitions of the Olympic sand. 

Original Reservoir Pressure 

Earlier in this report it was mentioned that the Olympic field 

is classified as a type reservoir produced by gas expansion. In this 

field, no initial subsurface pressures were determined by means of 

subsurface pressure equipment. As the productivity of a well is a 

function of reservoir pressure, the high initial productivity of many 

wells indicates that the resc:rvoir-pressure of the Olympic sand Would 

be equivalent to the hydrostatic head of a well producing from a sand 

at approximately 1800 feet in depth. An initial rock pressure of 732 

pounds per square inch taken at the casing-head was reported on an oil 

well in the SVit SWi SEi sec. 12, T. 9 N., R. 8 E. This well was 

11/ Beal, Carlton, Ile Viscosity of Air, Water, Natural Gas, Crude 
Oil and Its Associated Gases at Oil Fiela Temperatures and 
Pressures: Am. Inst. Min. Met. Eng. Trans., Tech. Pub. No. 2018, 
vol. 9, No. 2, pp. 1-22, March 1946. 

12/ Muskat, Morris, and Taylor, M. O., Effect of the Crude Gravity on 
the Perfonnanco of Gas Lrive Reservoirs: Petroleum Engineer, pp. 
88-98, December 1946. 
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eted in 1935. A gas well, completed in the initial development 

mod in the southern part of the field and producing from the 

lympic sand, registered a pressure of 575 pounds per square inch 

y gauge at the surface. The accuracy of the gauges that registered 

tthe reported tests is unknown, but the pressures recorded are com-

parable with the estimated pressures in this field. 

In 1936, bottom-hole pressures which were recorded by Dillard 13/ 

in 11 wells in sec. 1, T. 9 N., R. 8 E., at a depth of 80U feet below 

sea-level, ranged from 190 to 510 pounds per square inch. The maximum 

pressure at that depth W3S recorded in a well in the NWT SEE NW* 

sec. 1, T. 9 N., R. 8 E., and the minimum pressure was recorded in a 

well in the NFk VE4. sec. 1, T. 9 N., R. 8 E. 

On July 20 and September 18, 1936, subsurface pressure surveys 

were conducted by three companies operating in this field, and data on 

12 of these pressures were used in this study. At a subsea depth of 

800 feet, the static pressure of fluid in the Olympic sand ranged 

from a minimum of 105 pounds per souare inch to a maximum of 484 

pounds per square inch. The maximum pressure was recorded in a well 

in the SV aft StVi sec. 31, T. 10 N., R. 9 E., and the minimum 

pressure was recorded in a well in the Nkt S Ng sec. 1, T. 9 N., 

R. 8 E. Many 3f the bottom-hole pressures recorded during this survey, 

especially in sec. 1, T. 9 N., R. 8 ii. , ranged from 355 pounds per 

square inch to 455 pounds per squere inch at a depth of 800 feet 

ly Dillard, R. W., Olympic Pool, Hughes and Okfuskee Counties, 
Oklahoma: Stretigraphic Type Oil Fields, Am. Assoc. Petroleum 
Geologists Symposium, p. 467, 1941. 
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ow sea-level. From these and other pertinent data, it is estimated 

bat the average initial reservoir-pressure of the Olympic send WES 

Approximately 650 to 700 pounds per square inch absolute. For the 

)urpose of this report, all computations involving the estimation of 

'the quantity of initial oil in the reservoir are referred to a sub-
, 

"surface pressure of 675 pounds per square inch absolute. 

Gas Solubility and Formation-Volume Factor 

So far as can be ascertained, no bottom-hole sample of oil from 

the Olympic send WES ever obtained in this field and analyzed in order 

to determine precisely the quantity of gas dissolved in the oil et the 

temperature and pressure of the reservoir, end the volume occupied in 

the reservoir by one barrel of stock-tank oil under the initial con-

ditions of temperature and pressure. However, samples of oil with 

qualities similar to the oil from the Olympic sand have been obtained 

from other reservoirs, and these samples of oil have been analyzed for 

gas solubility and shrinkage data. These parameters have been used in 

determining the performance of the Olympic reservoir. In addition, 

technical data published recently by Beal 14/ and Muskat ly are appli-

cable to the conditions of gas solubility, shrinkage, and viscosity of 

the Olympic reservoir. 

The presence of associated gas in the gas cap portion of the 

Olympic zone innicates that the 031 in the Olympic sand was saturated 

with gas originally at the initial pressure and temperature of the 

formation. Moreover, gas from the Olympic sand has a gasoline content 

14 Op. cit., pp. 1-22. 
15/ Op. cit., pp. 88-98. 
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1 ging from 0.4 to 2.6 gallons per thousand cubic feet, ineicatingn 
r 1 

tat the gas is soluble in the oil in the reservoir. For theseAa 
,'reasons, it was considered reasonable to use the curves of Beet and 

alMskat in estimating reservoir conditions of the Olympic sand. In 

applying the date for the liquid phase given in the curves to con-

ditions in the Olympic stud, it is estimated that the temperature 

of the reservoir averages about 85° F., and that the average Eravity 

of the oil is :bout 35° A.P.I., although it actually ranges from 27° 

to 37° A.P.I. At the estimated reservoir-pressur7; of 675 pounds per 

square inch, it was estimated that the solubility of the gas would 

be 250 cubic feet per bcrrt.l of stock-tank oil. By differential 

liberatikdn of the gas from this initial reservoir-pryssurtL, the 

thermal and isothermal shrinkage of the liquid phase to atmospheric 

pressure of 14.7 pounds per square inch end temperature of 60° F. 

would be about 15 percent of its reservoir-volume; therefore, the 

formetion-volume rector was estimated to be 1.22. Thus, one barrel 

of stock-tank oil was equivalent to 1.22 barrels of oil and gas in 

the liquid phase at the initial pressure and temperature .1f the reser-

voir. As the absolute viscosity of gas--free oil of 35o A.P.I. gravity 

is about 7 centipoises, the absolute viscosity of the reservoir-fluid 

containing 250 cubic feet of gas in solution is estimated to be in the 

range of 2.7 to 3.0 centipoises. 

The liquid phase of the hydrocarbons in the Olympic send occupied 

65 percent of the net pore space in the reservoir initially; therafore, 

the original oil portent of the Olympic reservoir amounting to 

105,182,800 barrels would in the process of liberating its dissolved 
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shrink to 53.3 percent of the pore space of the reservoir and 

would then be equivalent to 86,215,400 barrels of oil at stock-

conditions of temperature and pressure. This computation takes 

J, A 
no cognizance of the volume of gas in solution at low reservoir-

,pressure, nor of the volume of gas remaining in the pore space estab-

1ishing equilibrium. 

'Interstitial Water Saturation 

That interstitial water exists in virtually all petroleum reser-

voirs associated with the hydrocarbon phase is generally accepted in 

the oil industry. Except where low filtrate loss drilling muds or 

oil-base drilling muds are used, only a portion of this wr-ter has 

been recoverea heretofore by coring methods. In the Olympic field, 

only a few cores were taken. The analyses of these cores relative 

to the interstitial water-content is unreliable inasmuch RS flushing 

of the cores by drilling fluid is evident. For this reason, the 

quantity of water in tho cores which was determined by core analysis 

is not representative of the actual interstitial water-content of 

the reservoir. It wc.s evident, hcwever, that the percentage of water-

saturation varied z_ the permeability, ES cores of low permeability 

had higher percentages of water-sr:turetion. 

Several cores were analyzed for interstitial water_content by 

resorting to the method of restored state of the original fluid 

phases. This method of analysis depends on the theory that the 

percentage of oil and water present in the reservoir varies with the 

difference in pressure between the oil phase and water phase. By 

this method, the interstitial miter-content, of several samples ranged 
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25 to 30 percent of the vole space, perforce, being dependent 

on and varying inversely with the permeability of the porous meaium. 

!bore is doubt,however, whether the permeability of the core samples 

eted representea the average permeability of the Olympic sand. 

In the final analysis, the interstitial water-content of the 

Olympic sand was computed by means of the resistivity or long normsl 

curve of the electric log. 3y this xerms, the percentage of water-

saturation was estimated to be about 35 percent of the pore space in 

the sand. In lieu of more conclusive date, it was consiaered advia-

able to use 35 percent interstitial water-saturation as the original 

quantity of water present in the pores of the reservoir. On the other 

hand, it ic likely that interstitial water-saturation varies through-

out the field in accordance with the permeability of the send, being 

at a maximum on the north, west, and south flanks of the field where 

edgL water is present. The economic significance of interstitial 

water-saturation is self evident, as any deviation from its actual 

volume is reflected in a like deviation in the volume of the hydro-

carbon phase present originally in the sand. 

It is believed that interstitial water-content in the Olympic 

sand is within the range of 30 to 40 percent saturation, as the sand 

is unusually fine grained, and the grains very uniform. This feature 

of the sand is reflectea by low permeability which in the few cores 

available ranges from about 5 lidllidercys in the zones of tight sand 

to a maximum of 159 milliacrcys in the more porous sections. The 

average permenbility of these cores is about 50 millidercys, but the 

permeability of one core from the western flank of the Olympic send 
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raged 99 millidercys. From these cores it is evident that the 

ermeability is greater in the section at the top of the oil zone 

tad that it gradually decreases in value toward the base of the 

Olympic zone. 

Rate of Production-Decline 

f 
Most wells proGucing from the Olympic sand in the "flush" pro-

duction periou produced unrestricted and only a few oil wells showed 

proaucing capacity greater than their allowable productivity rate. 

Consequently, tho rate of decline was rapid--about 62 percent yearly 

for the first few years of production. At the enu of the 10th year 

the rate of decline was about 15 percent yearly. The composite curve 

depicting the rate of decline , plate 22, is representative of the 

decline of all wells producing from 30 leaseholds comprising 1,170 

productive acres of Olympic sand. The curve shows that a well pro-

ducing 111 barrels of oil daily by primary methods of operation et 

its peek of prouuction woula in the 12th year of its life be proaucing 

about 1-1/2 barrels of oil daily. In the 15th year the well would be 

producing about 1 barrel of oil ueiiy, and its rate of production 

would be declining approximately 12 percent yearly. 

Prouuetion-curves of all leaseholUs in the field were prepared 

in order to analyze the performpnce of individual properties as to 

the rate of uecline Inc: the influence of deepening operations, reme-

dial work, ar.0 gcis inj,;ction on the performance of these wells. 

Individual prouuction-curves of six leaseholds are included herewith 

(see pls. 23, 24, anc1"25) to illustrate graphically the history of 

oil prouuction. ThL-Ai graphs also show the influence of operational 
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was employed in procuring these properties as well as the quantity 

f oil attributed to the specific phases of operation. 

The performance of two leoseholus which represent the better 

roducing properties of the field is portrayed by the production curves 

for tracts "A" and "B" shown on plate 23. Here, tract "Al is shown to 

have promicea 6,647 barrels of oil per acre by primary methods 

procuction, and 798 barrels of oil by gas-injection operations, for a 

total recovery of 7,445 barrels of oil per acre to July 1, 1946. The 

production-curve of tract "B" represents typical performance of a bet-

ter producing property wtich shows no effect from gas injection. This 

property comprising 80 acres produced 8,782 barrels of oil per acre to 

July 1, 1946. In 1946, the rate of production on this leasehold was 

declining at the rate of 19 percent yearly. Little deviation occurred 

in this rate of decline during the period 1943-1946. 

The manner in which deepening of wells and remedial work on wells 

has affected the rate of production is shown by the production-curves 

of tracts "C" and "D" on plate 24. Hero, the decline-curve of tract 

"C" illustrates the effect of the aeepening of producing wells--the 

increase in proauction amounting to 63 barrels of oil per acre to 

July 1, 1946. Although the proauctivity of wells on this leasehold 

has increased with e resultant extension of the productive life of the 

property, it is interesting to note that the rate of decline after 

deepening of the wells is comparable to the rate of primary decline. 

The production-curve of tract "D" shows the relative influence of the 

combination of deepening of wells, remedial work, and gas-injection 

operations. 
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The influarce of remeaiel work, deepening of wells, and gas-

jection on properties with low priniery oil production is shown on 

ate 25. Tract "E", which produced an estimated 1,595 barrels of oil 

er acre by primary production to July 1, 1946, showed en increase of 

barrels of oil per acre by remedial work and deepening of wells. 

The total oil recovery is 1,622 barrels of oil per ecre to July 1, 1946. 

Tract "F", immediately north of a leasehold on which gas-injection is 

practiced, has responded to these nearby gas-injection operations, 

although no gas has been injected on tract "F". Primary oil proauction 

Gram this tract to July 1, 1946 hes been low--estimated as only 1,587 

barrels of oil per acre. In addition, an estimated 21 barrels of oil 

per acre have been recovered as a result of gas-injection development 

on the offset lease to the north. The leasehold hes yielded only 

1,608 barrels of oil per acre to July 1, 1946, and it is classified 

as one of the less productive properties of the Olympic sand. 

Characteristics of Crude Oils 

Chemical and Physical Properties 

The crude oil produced from the Olympic sand in this field is a 

brown intermediate-base oil ranging in gravity from 27° to 37° A.P.I. 

The initial gravity of the oil from many leaseholds was reported to be 

37° A.P.I. in the early life of the field, especiAly on those lease-

holds in the area amb;:ccing the zone of gas cep of the sand. However, 

as the range of gravity was considerable in this field, the average 

gravity of the oil produced from the Olympic sand was considered to be 

35° A.P.I. The oil was sold in this field on a gravity basis in 1946 
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prices roncing from 4)1.09 per barrel for 27° to 101.29 for 37° 

gravity. In nacition to the stcndra price schedule, a sub-

of 35V per barrel oil wr s paid by the Government. Subsidy 

'payments startea August 1, 1944, and were still in 6ffect on July 1, 

1946. 

Samples of crude oil from the Olympic scald and the Cromwell sand 

were collected from the stock-tanks on a few leaseholds in 1946, end 

these oil s'mples were analyzed by the U. S. Geological Survey 

Laboratory, Casper, Wyoming. The general characteristics of the crude 

oils ena the characteristics of the fractions of these oils as deter-

mined by the Dureau of Mines Hempel method of analysis are given in 

tables 5 acd 6. 

Table 5 

Analyses of oil from the Olympic sand in the Olympic field, Oklahoma 
kJ. D. Clark, Analyst) 

Sample 1 
Location SE sec. 1, T. 9 N., R. 8 E 
Depth of Olympic sand, feet 1670 
Sample collected September 17, 1946 
Sample ebtLined at Stock tank 

GENERAL CHARACTERISTICS 

A.P.I. gravity 34.20 
Specific gravity 0.854 
Sulfur, percent 0.033 
Saybolt Universe1 viscosity at 70° F., sec. 80 
Seybolt Universal viscosity et 100° F., sec. 54 
Pour point, OF 10 
Color brown 
Pase intermediate 
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DISTILLATION, BUREAU OF ZNES HEMPEL METHCE 

Distillation at atmospheric pressure, 630 mm. 
first drop 43° C. (109° F.) 

: Sum, : S. U. : Cloudc : 
on : Cut at : Per : per Sp. gr. :°A.?.I. : vise.,: test, 

cent : cent 60/60°F.: 60°F. C.I. : 100°F,: °F. 

50 122 1.1 1.1 
75 167 2.0 3.1 0.658 83.5 4.1 
100 212 4.1 7.2 .696 71.8 12 
125 257 4.7 11.E .725 63.7 17.4 
150 302 4.4 16.3 .747 57.9 195 
175 347 4.9 21.2 .766 53.2 21 
200 392 4.0 25.2 .782 49.5 237 

8 225 437 5,2 30.4 .798 45.8 25 
250 482 5.1 35.5 .812 42.8 26 
275 527 7.0 42.5 .828 39.4 29 

stillation continued at 40 mm. 

200 392 
225 437 3.9 46.4 0.863 32.5 36 49 30 
250 482 5.8 52.2 .871 31.0 37 59 45 
275 527 6.6 58.8 .883 28.8 39 94 60 
300 572 6.6 65.4 .895 26.6 42 172 75 

siduum 30.5 95.9 0.947 17.9 

bon residue of residuum, 8.46 percent; carbon residue of crude 2.86 
rcent. 

APPROXIMATE SUi..MARY 

Light gasoline 
otal gasoline and naphtha 

:Per 
:cent 
7.2 
30.4 

:60/60° F. 
0.680 
0.744.. 

A.P.I.,
600 F. : 

: 
76.6 
58.7 

Viscosity, 
sec. 

erosene distillate 5.1 0.812 42.8 
Gas oil 9.4 0.837 37.6 Below 50 
Nonviscous lubricating 
distillate 11.2 .864-.884 32.3-28.6 50-100 

Medium lubricating 
distillate 8.3 .884-.899 28.6-25.9 100-200 

Viscous lubricating 
distillate 1.0 .899-.901 25.9-25.5 Above 200 

Residuum 30.5 .947 17.9 
.Distillation loss 4.1 

58 



	
	

	
	
	

	  
	  
	 
	
	
	

 
	

		
	
		
		

						
	 			 	

	

							

	
	
	
	
	
	
	
	
	
	

		
							
							
		 					
					 		
				

le 2 
Location SW: NE: NV sec. 12, T. 9N., R. 8E. 
Depth of Olympic sand, feet 1696 
Sample collected September 17, 1946 
Sample obtained at Well 1-A 
Status of well pumping 

GENERAL CHARACTERISTICS 

A.P.I. gravity 27.9°0 03 
Specific gravity 0.388 
Sulfur, percent 
Saybolt Universal viscosity at 70° F., sec. 419 
Saybolt Univer'sal viscosity at 100°F., sec. 133 
Pour point, °F. 35 
Color brown 
Base Intermediate 

DISTILLATION, 3UREAU OF MINES REEPEL METHOD 

Distillation at atmospheric pressure, 628 mm. 
First drop 92° C. (198° F.) 

Frac-: . : Sum : :. . : S. U, : Cloud 
tion : Cut at : Per : per : Sp .,:r.,:°A P I : : visc,,: test, 
No. :•cent •: 6u?6buF-: 66/60 t C.I. F.: F.: uC. : 'F. : cent (5- t 100° 

1 50 122 
2 75 167 
3 10U 212 
4 125 257 1.0 1.0 0.747 57.9 27 
5 150 302 2.1 3.1 .759 54.9 25 
6 175 347 2.2 5.3 .773 51.6 25 
7 200 392 3.5 8.8 .780 49.9 22 
8 225 437 4.7 13.5 .798 45.8 25 
9 250 482 7.8 21.3 .817 41.7 28 
10 275 527 5.4 26.7 .833 38.4 31 

Distillation continued at 40 mm. 

11 200 392 
12 225 437 7.3 34.0 0.860 33.0 35 49 25 
13 250 482 7.4 41.4 .871 21.0 37 61 45 
14 275 527 5.9 47.3 .881 29.1 38 92 60 
15 300 572 7.4 54.7 ..:;90 27.5 39 133 75 
Residuum 41.9 96.6 0,948 17.8 
Carbon residue of residuum 8.13 percent; carbon residue crude 3,55 
percent. 
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APPROXII,LATE SUIIAARY 

:Per :Sp. gr., :°A.PAI., :Viscosity, 
:cent :60/60°F. : 60u F. : sec. 

t gasoline 
gasoline and naphtha 13.5 0.779 

serve distillate 7.8 .817 
oil 8.6 .843 4651 .:3:7-4 Below 50 
viscous lubricating 

distillate 15.6 .861-.883 32.8-28.8 50-100 
um lubricating 

distillate 9.2 .883-.895 28.8-26.6 100-200 
Viscous lubricating 
distillate Above 200 
siduum 41.9 0.948 17.8 
stillation loss 3.4 

Table 6 

Analysis of oil from the Cromwell sand in the Olympic field, Dklahoma 
(J, D. Clark, Analyst) 

Sample 1 
Location SE ITAT1, Nvi sec. 12, T. 9N., R. 8E. 
Depth of Cromwell sand, feet 
Sample collected November 21,421946 
Sample obtained at Separator 
Status of well ... flowing 

GENERAL CHARACTERISTICS 

A.P.I. gravity 37.4° 
Specific gravity 0.838 
Sulfur, percent C.206 
Saybolt Universal viscosity at 70° F., sec. 52 
Saybolt Universal viscosity at 100° F., sec. 43 
Pour point, °F 25 
Color green 
Base intermediate 

60 



	

	
 

	
	
	

	
	

DISTIII;LTION, BUREAU OF LINES IEMRELtETHOD 

Distillation at atmospheric pressure, 630 mm. 
First drop, 66° C. (151° F.) 

: Sum, : : S. U. : Cloud 
on : : Per : per : Sp. gr.,: °A.P.I.,: : visc.,: test, 

• °F, : cent : cent : 60/60°F.: 60°F. : C.I.: 100°F.: °F. 

50 122 
75 167 0.7 0.7 
100 212 4.7 5.4 0.730 62.3 283 n4 125 257 1.4 12.6 .738 60.2 23 

5 150 302 5.1 17.7 .755 55.9 23 
6 175 347 6.5 24.2 .770 52.3 23 
7 200 392 5.5 29.7 .786 48.5 25 
8 225 437 5.9 35.6 :800 45.4 26 
9 250 482 6.3 41.9 .814 42.3 27 

275 527 7.3 49.2 .828 39.4 29 

Distillation continued at 40 mm. 

. 1 200 392 
12 225 437 6.7 55.9 0.859 33.2 34 50 25 
13 250 482 6.0 61.9 .868 31.5 35 64 45 
,14 275 527 6.2 68.1 .881 29.1 38 105 65 

300 572 4.2 72.3 .887 28.0 38 153 80 
Residuum 24.2 96.5 0.931 20.5 
Carbon residue of residuum, 3.75 percent; carbon residue of crude 1.01 
percent. 1 

APPROXIMATE SU:I:LARY 

:Per : Sp. gr., : : Viscosity, 
:cent : 60/60° F. : 60° F. sec. 

Light gasoline 5.4 0.730 62.3 
Total gasoline and naphtha 29.7 .755 55.9 
Kerosene distillate 12.2 .807 43.8 
Gas oil 10.6 .837 37.6 Below 50 
Nonviscous lubricating 
distillate 11.9 .859-.880 33.2-29.3 50-100 

Medium lubricating 
distillate 7.9 .880-.8g0 29.3-27.5 100-200 

Viscous lubricating 
distillate Above 200 

Residuum 24.2 0.931 20.5 
Distillation loss 3.5 
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THE OLYMPIC SAND BODY 

The Olympic sand is a typical lenticular-type sand body of 

nnsylvanian age which is similar in most respects to many of the 

her lenticular Pe•::sylvanian sands in the Mid-Continent Region. 

It is overlain and underlain by shale beds which converge laterally 

as the sand pinches out to form a stratigraphic trap. There are no 

dry holes within the main part of the sand body. The oil is produced 

'by gas-expansior forces. Some water is produced with the oil in a 

few wells. 

The Olympic sand body is dissimilar to many Pennsylvanian lenti-

cular sand-reservoirs with respect to the accumulation of gas. The 

examination of well records and numerous cross sections of the sand 

body indicates that the structural attitude of the reservoir was an 

important factor in the accumulation of gas, The influence of sand 

thickness on gas accumulation appears to have been relatively minor. 

The depth to the top of the sand varies from 1,633 feet in the 

southern part of the field to 1,920 feet in the northern part. The 

weighted average thicluless of the Olympic sand body is 47 feet, and 

the weighted average thickness of the oil-productive sand is 32.9 feet. 

Type of Sand Body 

The majority of the Pennsylvanian sand bodies are either the bar 

or channel type of deposit. The Olympic sand body is an elongated 

deposit that parallels the strike of the region, and the sand body 

cross sections taken across the strike suggest the bar type of deposit. 

(See pl. 26.) Thc:- cross sections further indicate that the sand was 
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iposited upon a reasonably plane surface. The isopachous map (p1.10) 

shows, in general, a rapid thinning of the sand body along the east'r 
'Iside of the field. Across the field westward, however, the thinning 

iis more gradual. This evidunce, together with the shape of the sand 

, body as shown by the transverse cross sections, indicates that the 

eastern side of the sand body constituted the seaward side of the 

bar. 

Although the cross sections of the sand body do not show 

appreciable differences in the interval between the base of the 

Henryetta coal and the base of the sand body, this aspect is changed 

when the field is studied in its entirety. North of the syncline in 

sec. 36, T. 10N., R. 8E., the average interval between the base of 

the sand and the base of the coal is 72 feet along the east side of 

the field, 60 feet through the middle of the field, and 48 feet along 

the west side of the field. South of the syncline, the interval is 

59 feet along the east side of the field, 66 feet through the middle 

of the field, and 38 feet along the west side of the field. These 

data imply that the sand body was deposited on a surface that sloped 

gently eastward. The present dips of the base of the sand body are 

either to the north and west, or to the south and west. The 

regional westward dip is predominant, and the localized dips to the 

north or south are reasonably consistent within small areas. 

The Henryctta coil, in general, is in direct contact with the 

top of the sand body in those areas where the sand thickens to form 

63 



	

oval depositional "highs". Eighty percent of the wells wherein the 

=coal is in contact with the sand have sand body-thicknesses ranging 

from 46 feet to 81 feet, and the average thickness of the sand in 

these wells is 60 feet. Most wells which logged the coal in direct 

contact with the sand body are located south of the syncline and their 

locationf are consistent with the thicker sand suctions shown on the 

isopachous map. 

To summarize, the Olympic sand body appears to be a bar that was 

deposited near the western shore of the Cherokee sea, upon a compara-

tively plane surface that sloped gently eastward. The irregularities 

of the top of the sand body were caused by depositional "highs" and 

intervening "sinks" which were later filled with laminated silty shale. 

The regression of the, sea was followed by the deposition of the coal 

over a fairly flat surface. 

Lithology 

The lithology of the Olympic sand body was ascertained from 

inspection of the individual logs of all wells in the field, from 

binocular examination of well cuttings, and from the study of available 

sample logs and core analyses data. A number of sample logs were 

prepared at the time the Olympic field was developed, and 26 of these 

logs were available for study. Additional information was obtained 

by making binocular examinations of cable-tool cuttings from 30 wells, 

and the sr.mples from 20 of these were found to be representative 

of the oil-productive section of the sand body. Core samples of the 
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'upptz part of the sand body from 21 wells were examined. The wells 

from which the core samples were taken were located in sec. 1, T. 9N., 

R. 8E., sec. 25, T. 10N., R. 8., and secs. 8, 18, 19, and 30, T. 10N., 

R. 9E. These 21 wells had an average of five core sample:3 per well, 

which represented a total of about 17 feet of sand per well. 

Examination of the samples and data disclosed that the Olympic 

sand body has pronounced gradational lithology, with the upper part 

usually consisting of silty, micaceous shale, interbedded with fine-

grained silty, micacElous sand and grading downward to medium- and fine-

grained sand with decreasing clay bend and increasing friability. In 

many areas, however, the lower part of the sand body contains thin 

sections of micaceous siltstones and thin sections of fine-grained 

sand that is cemented with siderite or calcite. The upper part of 

the sand body is generally thin-bedded, whereas the lower and oil-

productive part is usually more massive and the sand-grains are better 

sorted. The quartz sand-grains are medium to fine in size and sub-

rounded with the exception of secondary grain growth. The bonding 

material consists essentially of white clay, calcite, and siderite. 

Two sample logs of part of the Senora formation, presented in table 7, 

were prepared for the purpose of showing the lithology of the Olympic 

sand-section in greater detail. 

Analysis of Sand Body 

The investigation of available well records disclosed certain 

indefinite details relative to the amount of productive sand. These 

conditions arc enumerated as follows: (1) many wells were drilled only 

partially through the sand; (2) portions of the oil-bearing section 
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Table 7 

Detailed sample logs of part of the Senora formation, 
Olympic field, Oklahoma 1/ 

Well: - 1 - - 2 -
Location: S-'1:,SWiNE4 sec. 1, SEtS.i4S-Ti. stIc. 30, 

T. 9N., R. 8E. T. 10N. , R. 9E. 

Initial oil 
production, 
barrels per day: 560 70 

Estimated oil-
productive 
sand, feet: 38 26 

Estimated gas 
sand, feet: 4 17 

Depth, feet: Lithology Depth, fect: Lithology 

1650-52 Coal 1715-17 Black shale 
1652-58 Gray shale 1717-19 Coal 
1658-62 Medium-grained sand, inter 1719-25 Dark and gray shale 

bedded with shaly siltstone1725-33 Silty micaceous gray shale 
1662-66 lacaccous, laedium-grained 1733-42 Hard fine-grained 

sand, interbedded with licaceous sand, clay 
siltstonc and clay 1742-48 Soft fine-grained 

1666-71 (No samples; driller's log micaceous sand 
shows oil sand) 1748-52 Hard fine sideritic sand 

1671-78 Liedium-grained,micaccous 1752-56 (No samples; driller's 
sand, interbedded with log shows oil sand) 
silty gray shale 1756-60 Fine-grained micaceous 

1678-83 Hard medium-grained sand, sand interbedded with 
cemented with calcite silty shale 

1683-89 Soft medium-grained sand 1760-62 Hard fine-grained sand 
with smll amount of clay interbedded with shale 

1689-1702 Soft facdium-grained sand, 1762-66 Soft fine-grained well-
interbedded with fine- sorted sand 
grained sand; clay bond 1766-69 Hard fine-grained 

1702-10 Fine-grained sand with sideritic sand 
clay bond 1769-79 Fine-grained uell-

1710-13 Hard sand cemented with sorted sand 
calcite 1779-81 Hard sideritic sand 

1713-20 Light brown shale and 1781-87 Soft fine-grained sand 
dark shale 1787-88 Hard sand, cemented with 

1720-28 Durk shale calcite 
1728 ... Total depth 1788-90 Dark gray shale 

1790 ...Total depth 
1/ Samples examined represented intervals of 2 to 5 fe.A. 
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re not productive because of unfavorable sand-conditions; and (3) 

the productive sand was ov_rlain with a gas cap in certain areas of 

the field. Consequently, estimates of the total sand and productive 

mend-thickness were required for many wells. 

The total thickness of the sand body was not known for the many 

wells in the field which were not drilled through the sand. In order 

to obtain reasonable estimates of the total sand, oil-productive sand, 

and gas sand, a detailed study was made of well log data. The well 

logs were arranged in a series of north-south cross sections for each 

leasehold in the field. When the log data so arranged did not provide 

sufficient control on the base of the sand body, information from 

adjacent leaseholds was used as a guide. These cross sections, 

augmented by statistical analysis of the sand body, permitted reason-

able estimates of the total sand-thickness, and also provided data 

from which to estimate the base of the gas cap and the amount of oil-

productive sand. 

Estimates of the amount of undr..11ed sand exceeded 5 feet for 99 

wells in the field. Twenty-nine of these wells were edge wells, and 

presumably were not drilled deeper in order to avoid drilling into 

water. The other 70 wells were scattered throughout the field, and 

the samples indicated that these wells were not drilled deeper because 

of the unfavorable appearance of the well-cuttings. Subsequent to the 

initial development-period, however, a number of wells were deepened 

10 to 15 feet without completely penetrating the sand. 
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The amount of productive sand, expressed as percent of the total 

sand, was estimated whenever possible from the 56 available sample logs 

' and from the drillers' logs. If the log descriptions were considered 

inadequate, an average productive-sand percentage, derived from the 

examination of 20 sets of cable-tool samples, was applied. The 

distribution of the 20 sample-log wells in the fi,ld, the estimated 

percentagos of productive sand, and the average p.xcentage are 

presented in table 8. 

Table 8 

Summary of sample-log examinations of the Olympic sand, 
showing amount of oil-productive sand expressed in terms 

of percent of total sand, Olympic field, Oklahoma 

Oil-productive sand, 
.::t;11 location percent of total sand 

SEIrli, sec. 18, T. 10N., R. 9E 71.0 
SW OE ;VIS do 70.0 
SEOTErAit do 67.0 
SWNANE4 do 63.0 
SE4N4iNE-'4 do . . , • • 76.0 
NW11,S4NES do 71.0 
NESEtNE4 do 55.0 

NU4SANW4 sec. 17, T. 10N., R 9E •. . . 65.0 

SE SEISE sec. 25, T. 10N.Y R. 8E 89.0 
SEON-4SE do • . 67.0

i 1 ...,,SW do 65.0 
SU4SEiSW4 do 
gaSENE4 do tg 

SgSWSW11; Sec. 30, T. 10N., R. 9E 29.0 
NE4SANW; 
NV4,.SW4NVit 

do 
do 

60.0 
80.0 

S'AT4SWNE sec. 1, T. 9 N., R 8E 
SW- 1140E4 do 
NANEiMq do . . . 
.Vt,SE4NWk do 

75.0 
70.0 

791.0 

AVERAGE; 69.5 
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Gas Cap 

The gas cap of the Olympic field is of considerable importance 

in connection with anticipated secondary-recovery operations. The 

casing in the majority of the wells was set in the top of the sand 

body, and if the permeability of the gas cap should prove comparable 

to or greater than that of the oil-producing section, serious diffi-

culty would be encount,:red by "thiefing" of any injected media. The 

available information pertaining to the gas cap consisted of gas-oil 

ratio records, estimates of initial gas production from many wells, and 

log data relative to the tops of the gas sand and oil sand. 

All of the aforementioned data were used in determining the extent 

of the gas-cap area, but the most reliable information was found to be 

the 1937 gas-oil ratio records of the individual leaseholds. Complete 

records for any earlier year were not obtainable. The original 

solution gas-oil ratio in the field was approximately 250 cubic feet 

per barrel, but for the 16 leaseholds which were determined to 

constitute the gas-cap area, the average 1937 gas-oil ratio was 

3,200 cubic feet per barrel. For 46 other leaseholds, however, the 

average 1937 gas-oil ratio was only 500 cubic tea per barrel. 

The gas-cap area, shown superimposed on the isopachous map (p1.10), 

embraces 990 acres and consists of i 200-acre area in the central 

portion of the field and a 790-acre area in the southern part of the 

field. The average thickness of the gas sand in the central area was 

determined to be 11.9 feet, and the average thickness of the gas sand 

in the southern area was ascertained to be 13.4 feet. 

Complete permeability data on the gas sand were not available. 
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It is therefore not possible to state definitely whether or not the 

gas-cap permeabilities are of sufficient magnitude to impede 

secondary-recovery operations. Examination of well cuttings, well 

logs, and core analysis data indicates that the gas-sand permeability 

in the central gas-cap area is not high enough to interfere with 

either gas- or water- injection operations. The existence of low 

gas-sand permeabilities in this area is substantiated by the fact 

that only two wells were reported as having initial gas production. 

The log descriptions and core analyses of the gas sand in the 

southern gas-cap area indicate that approximately one-half of this 

area has permeabilities sufficiently high to impair gas-injection 

operations. These permeabilities, however, are probably not high 

enough to have deleterious effects on water-flood operations. Twelve 

core analyses were available for the gas sand in the southern area, 

and for five of these analyses the permeability ratios su:gest the 

possibility of unsatisfactory gas-injection operations. In these 

five wells the pemeability values for 74 feet of gas sand varied 

from 1 to 121 millidarcies, and the weighted average permeability was 

42 millidarcies. In the other seven wells, however, the range in 

pen.eability for 125 feet of gas sand was from 1 to 50 millidarcies, 

and the weighted average permeability was only 15 millidarcies. The 

log descriptions for the ;tells within the gas-cap area show that the 

gas sand consists essentially of interbedded fine sand and silty shale. 

Consequently, further exploration by coring will be necessary for 

accurate determinations of gas-sand pemeabilities and related effects 

on secondary-recovery operations. 
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Edge Water 

Lenticular sand-reservoirs of Pennsylvanian age seldom contain 

bottom water, herein defined as water which underlies the oil at sub-

stantially the same sub-sea depth over the entire reservoir. The 

water-production history of the Olympic field does not show evidence 

of the presence of bottom water, but it does indicate the presence 

of edge water, which is found generally down-dip along the western 

margin of the field. Table 9 gives the location of the wells pro-

ducing edge water, together with initial water- and oil-production 

data and the approximate sub-sea depth of the water-level in each 

well. An electric log of the last, well in table 9 is reproduced on 

plate 27. 

Some inside wells produced water initially, but these wells wore 

usually found to be improperly► completed and the source of the water 

was above the Olympic sand. Lany wells are now making a small volume 

of water which may be interstitial water held originally in the pores 

of the sand. No attempt is made herein to explain the production-

mechanics of interstitial water. 

The analyses of Si): water samples, which were collected in the 

Olympic field, arc given in table 10. The well from which sample 4 

was collected produced 360 barrels of water daily at time of completion, 

and in June 1946, produced water at the rate of 150 barrels per day. 

The electric log of a well directly offsetting this well (see pl. 27) 

shows a distinct water-level in the Olympic sand. In view of these 

facts the water designated as sample 4 was presumed to be actually 
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Table 9 

Summary of wells producing oil and water 
initially from the Olympic sand, 

Olympic field, Oklahoma 

Initial production, Water level, 
barrels per day approximate 

Well location Water Oil subsea depth, 
faet 

flEiNVI i sec. 14, T. 9N., R. 8E. 
IkEiNWV. . • • q do. ...... 

-hole full of water-
86 23 

938 
933 

NX4sE 4 sec. 11, T. 9N., R. 8E. 10 37 
sW4SE4NE4 • • • • do OOOOOOO 50 10 949 

SE4SE4NE.4 sec. 2, T. 9N., R. SE. 86 23926 

SE0E011 sec. 36, T. 10N., R. 8E. 80 35 916 
SE % . . . . do ....... -hole full of water-
SVITNENH . . . . do ....... 200 40 93:56449 3 

SE4S41,NE4 sec. 25, T. 10N., R. SE. 60 60 931 

NE; SEINE sec. 24, T. 10N., R. SE 8 47 964 

NE4NWOW11. sec. 18, T. 10N., R. 9E. 30 30 977 
Sw4sE4Nwi . . . . do ....... 40 100 986 
Wri4NA . . . . do. . , . . . • 

wii u:74 Wit, . . . . do ....... 
22 
25 

10 
30 

997 
983 

SE4SE5E4 sec. 7, T. 10N., R. 9E. 
SI`14S•::-E4.- • • • . do ....... 

36 
14 

24 
42 

985 
986 

SE4SWI,SE4 . . . • do ....... -hole full of wat,:r- 983 

SWiSASA sec. 8, T. 10N., R. 9E. 23 45 971 

SEI;NS4NE4 sec. 13, T. 10N., R. 8E. 360 36 1,009 

produced from the Olympic sand. This conclusion assumes that no 

dilution by water from upper forwations hr_d occurred. The average 

of the total solids in samples 1, 2, and 3 wfts noted to be approxi-

mately 11,700 parts per million greater than the total solids in 

sample 4. The leaseholds frof.1 whici samples 1, 2, and 3 were collected 

were producing, as of July 1, 1946, about 25, 1, and 12 barrels of 
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Table 10 

Analyses of water produced from wells 
completed in the Olympic sand, 

Olympic field, Oklahoma 
(J. D. Clark, analyst) 

Sample 
Location 

Wells producing water 
Average depth, feet 
Date samples taken 

Calcium (Ca) 
Magnesium (Mg.) . • • 
Alkalis (Na) . . • 
Chloride (C1) 
Sulfate (SO4) 
Bicarbonate (HCO3) 
Total solids 
(calculated) . 

Sample 
Location 

Wells producing water 
Average depth, feet 
Date samples taken . 

Calcium (Ca) 
Magnesium (Mg) . • • 
Alkalis (Na) 
Chloride (C1) 
Sulfate (SO4) , 
Bicarbonate (HCC-1) 

Total solids 
(calculated) . . . 

1/ Parts per million. 

-1 -
Sec. 36, 

T. 10N., R. 8E. 

4 
1,733 

11-21-46 

ERE 2.1 
11,500 
1,995 
39,526 
87,120 

26 

140,057 

- 4 -
Sec. 13, 

T. 10N., R. 8E 

1 
1,881 

• 10-15-46 

ERE 
9,276 
1,924 

37,073 
79,200 

27 

127,486 

- 2 - - 3 -
Sec. 11, Sec. 19, 

T. 9N., R. 8E T. 10N., R.9E 

2 2 
1,787 1,917 

9-17-46 10-15-46 

E2E ERE 
9,812 9,991 
1,848 1,979 
41,739 40,008 
87,120 85,140 

18 

140,528 137,143 

- 5 - - 6 -
Sec. 12, Sec. 1, 

T. 9N., R. 8E. T. 9N., R.8E 

1 14 
1,756 1,715 

9-17-46 9-17-46 

ERM EDE 
7,261 409 
1,686 89 

32,128 1,996 
67,320 4,059 

5 

108,395 6,556 
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water per day respectively. 'eater sample 5 appears to have been 

diluted slightly by water from above the Olympic sand and sample 6 

appears to have been highly diluted by water from upper formations. 

Physical Conditions of the Sand Body 

The essential prerequisites for the successful operation of a 

secondary-recovery project are: (1) adequate total reserves in terms 

of barrels per acre; (2) sufficient saturation in terms of percent 

pore space or barrels per acre-foot; and (3) suitable physical 

conditions with respect to permeability and porosity. These three 

interrelated factors are of equal importance. The significance of 

the physical conditions relative to uniformity merits brief comment. 

Experience has shown that a proper secondary-recovery survey should 

include the analysis of a representative number of cores from the 

sand-reservoir. Such a survey may indicate that both the reserves 

and saturation are sufficient, but that certain sections of the sand 

body show permeabilities deviating considerably from the weighted 

average permeability. Under these circumstances the sand sections 

having large deviations greater than the average would probably 

constitute uthif" sections, and those having large deviations less 

than the average presumably would not be responsive to the conventional 

application of a single injection pressure at the sand face. This 

aspect of continuous heterogeneity or anisotropy in the sand is 

possibly the most important engineering problem relating to secondary 

recovery. 

Only two of the 15 core analyses available for study represented 

the oil section of the Olympic sand body. Hence, it was necessary to 
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adopt some indirect method for studying the permeability-porosity 

features of the sand. Such data as sample examinations, well initial-

production, and production-decline curves are often used for 

estimating the physical character of oil sands. Experience has 

shown that the production-decline curves for the majority of 

Pennsylvanian sand lense reservoirs are hyperbolic, in cases of 

unrestricted production. Further, the history of these unrestricted 

reservoirs usually shows that from 70 to 80 percent of the "primary" 

production is obtained during the first one-third of the life of the 

field. The term "primary" production, as used in UT.: discussion of 

the sand body, includes all of the oil produced from the Olympic 

sand to July 1, 1946, except that attributed to gas-injection 

operations. The hyperbolic decline curve (pl. 22) shows that the oil 

production from the Olympic sand was unrestricted. The production 

records for the individual 1-aseholds disclosed that the "primary" 

production for the first four year:, constituted 62 to 89 percent of 

the total "primary" production to July 1, 1946. The average for the. 

field was found to be 78 percent. These facts suggest that the 

"primary" production, expressed as barrels per acre-foot of productive 

sand, may be used as an index of the permeability-porosity conditions 

of the sand body. 

The "primary" production, in terms of barrels per acre-foot of 

productive sand%was deterlained for all of the leaseholds in the field 

and used as a "sand body condition factor". The numerical value of 
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this factor, as used in this report, is expressed as a square-root 

function, and the formula is as follows: 

V- Barrels/Acre/Ft. of productive sand
SAND BODY FACTOR 10 

The basic assumption in the application of this concept is that the 

permeability and porosity characteristics vary directly with the 

magnitude of the sand body factor. The sand body factor values for 

the entire field were divided into four classifications and the results 

are presented on the sand body-condition map. (pl. 28.) The area shown 

on the map as class 1 represents the best sand body-conditions as to 

productive characteristics, and class 4 area represents the relatively 

poorest sand body-conditions. The areas shown as class 2 and class 3 

represent sand bAy-conditions between these two extremes. An analysis 

of the sand body condition map with respect to sand body classes, 

factors, and acreage is gi n in table; 11. 

Table 11 

Classificatioli and relative 
distribution of Olympic sand body, 

Olympic field, Oklahoma 

Oil-
Class Percent productive 
of Sand of sand 

sand 
body 

body 
factor 

Area,1/ total 
acres 

thickness, 
feet a/ 

1 4 to 5 460 13.2 36 
2 3 to 4 1,790 51.6 33 
3 2 to 3 931 26.8 33 
4 less than 2 290 .8.4 

Total: 3,471 
1/ Acres equal productive acres plus proved acres. 

Weighted average sand-thickness. 
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Relation of Sand Body Factor Values 
to Other Production Characteristics 

The relation bet.;:cen the sand body factor and well initial-

production, by leaseholds, is shown graphically on plate 29. However, 

the well initial-production values, expressed as 

V Barrels/Day/Ft. Productive Sand 

show a more consistent relation to the sand body factors. These data 

are shown graphically on plate 30, figure 1. The well initial-

production data plotted on these graphs did not include leaseholds 

having both edge wells and inside wells because the initial production 

per foot was found to be consistently lower for the edge wells. An 

analysis of 13 leaseholds, embracing 63 inside wells and Z6 edge 

wells, showed a weighted average initial production, in barrels per 

day per foot of productive sand, of 7.7 for the inside wells and 

2.9 for the edge wells. 

The peak yearly oil production, expressed as 

Barrels/Nell/Ft. Productive Sand 
10 

shows a reasonably good relation when plotted, by leaseholds, against 

the sand body factor values. The graph of thse data is presented 

on plate 30, figure 2. 

Porosity of the Sand Body 

Reserve estimates are often made by using a single porosity 

value for an entire reservoir. When data are available and are 

analyzed by leaseholds, however, the use of a single porosity figure 

is inappropriate. Data relative to Pennsylvanian lenticular sand 
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bodies indicate that porosity of a magnitude of about 12 percent is the 

approximate minimum for oil-producing sections. Consequently, the 

sand body factor of 0 was arbitrarily assigned the value of 12 

percent porosity and the sand body factor of 5 was assigned the 

value of 22 percent porosity. A simple linear graph w-ls constructed 

from these assumed values and the porosities for all the leaseholds 

were estimated from this graph. A few comparisons of porosities 

from core analyses and those estimated by the previously described 

method are given in table 12. 

Table 12 

Comparison of porosity of the Olympic sand derived from the 
sand body factor and specific porosity determined by cord analysis, 

Olympic field, Oklahoma 

Porosity, percent 
Determined Estimated 

Location Number of Nun►ber of Total from core from 
of wells on cores samples , analyses sand body 

leasehold leasehold analyzed ana/yzed-LV (average) factor 

Sec. 30, 
T. 10N.,R.9E 12 2 6 19.0 18.4 

Sec. 31, 
T. lON.,R.9F 8 1 23 19.0 17.3 

Sec. 25, 
T. 10N.,R.8E. 5 3 21.0 19.1 

1/ From oil-productive section. 

Table 13 is a weighted average summary of two core analyses of 

the Olympic sand. Both cores were taken through the entire sand 

section from top, to bottom and the complete core profiles of the two 

analyses are shown on plate 31. 
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Table 13 

Summary of core analysis determinations 
of the Olympic sand, 
Olympia field, Oklahoma 

Core "A" 
SEiNN4NWi sec. 31, 
T. 10N., R. 9E. 

Gas Oil-productive 
sand sand 

Sand-thickness, feet 5.4 37.2 
Oil content, barrels per acre-foot . 197.0 308.0 
Oil saturation, percent of voids . . 12.0 20.8 • 
Porosity, percent . 20.9 19,0 
Permeability, millidarcies 76.0 26.0 

Core "B" 
SE4SW4NJ4 sec. 31, 
T. 10N., R. 9E 

Sand-•thickness, feet none 37.0 
Permeability, millidr_rcies - 41.3 

SECONDARY RECOVERY LEDIA 

Surface Water Resources 

It appears that a considerable volume of oil can be obtained 

from the Olympic sand by intensive application of secondary-recovery 

methods of development, end it is anticipated that such exploitation 

will be by water-flooding methods. For this purpose, it is essential 

that adequate water resources be made available in view of the large 

volume of water that is required for injection purposes during 

operation of extensive water-flooding projects. 

A reconnoissance of the wat,:r resources in the general district 

of the Olympic field indicates th;:t the water resources of the North 

Canadian River could be utilized to meet the demands of extensive 

water-flooding operations in the Olympic field. Furthermore, the 
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surface-water resources of the Olympic field and adjacent areas can 

be made available for the purpose of water-flooding by impounding 

this water in a reservoir by the construction of a darn across Little 

Wowoka creek in the SEt sec. 35, T. 10N., R. 8E. 

It is conceded that the procurement of water and its trans-

portation to the place of service in the Olympic field would require 

a large investment which would affect seriously the size of the 

water-flooding project to be developed. This may result in the 

adoption of a program of unitization because of the economies that 

probably would result from ti-e. development 'of extensive water-

flooding projects covering many leaseholds. It is surmised that 

water-flooding ventures, even under a plan of unitization, would 

adopt the 5-spot pattern system of development using a spacing of 

660 feet between li%e ells. If such a development-program would 

comprise 10 quarter-sections, or an area of 1,600 acres, and the 

rate of intake of the water-input wells would average about 200 

barrels of water daily per well, the total daily consumption of 

water would be approximately 32,000 barrels daily for the project. 

This rate of consumption is equivalent to 125 acre-feet of water 

monthly. 

Water Resources of North Canadian River 

The Olympic field lies in the drainage basin of the North 

Canadian River and at its nearest point this stream is 2-3/4 miles 

northeast of the field. It is therefore to be considered as an 

important source of water for water-flooding operations in 
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exploiting the field. In fact, the discharge record of the North 

Canadian River from April 1938 to October 1946, (see pl. 32) 

indicates that sufficient water has been and probably will be 

available for future use in operating extensive water-flooding 

projects. The data which are presented also in table 14, were 

obtained from records on file with the office of the U. S. Corps 

of Engineers, Tulsa, Oklahoma, and from water-supply data of the 

U. S. Geological Survey. The records from the office of the U. S. 

Corps of Engineers pertains to the period October 1944 to October 

1946 only. From these water-discharge data, it can be seen that 

the minimum rate of discharge for this stream during the period 

mentioned amounting to 2,720 acre-feet of water in January 1940, is 

greater than the volume of water required by the water-input wells 

on a 1,600 acre water-flood project. 

A combination water-treatment and pressure plant, including the 

pipe-line system, that would supply the minimum requirement of 

32,000 barrels of water daily from the North Canadian River would 

involve a large initial capital investment. This investment would 

be largely contingent upon the capacity of the water-treatment 

plant and the size of the pipe and length of the pipe-line system 

from water supply to the plant. A water-plant, if constructed in 

the Olympic field on the leasehold ne::r the NEB NEZ tra; sec. 1, 

T. 9N., R. 8E., would be about 4.8 miles from the North Canadian 

River. To furnish the required supply of water at the water-plant, 

it is estimated that 12-inch diameter pipe would be used to connect 

the source of water supply with the plant. A pumping station at 
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Table 14 

Rate of discharge of the North Canadian River at ':Ictumka Station 
Sec. 12, T. 9N., R, 102., Hughes County, Oklahoma 

Drainage basin: 13,500 square miles 
Discharge rate in thousands of acrc-feet cf water per month 

193 8 193 9 1940 1941 1942 1943 

January 5.31 2.72 8.77 35.59 22.28 
February 4.26 3.58 12.49 34.15 16.52 
March 4.14 2.67 7.24 29.23 24.66 
April 70.43 33.91 12.37 78.22 259.00 27.48 
May 115.30 19.96 5.25 139.60 93.33 286.40 
June 87.05 33.44 12.27 288.90 146.90 55.89 
July 29.,75 75.68 34.27 62.33 43.79 14.63 
August 13.70 10.45 12.48 21.45 31.38 6.78 
September 17.37 3.73 19.32 54.29 24.00 5.82 
October 5.46 3.53 3.21 269.20 54.62 8.07 
Novmber 
December 

).67 
4.73 

2.v2 
2.87 

18.55 
8.27 

272.5C 
67.01 

52.95 
33.79 

4.12 
5.72 

1944 1945 1946 

January 6.41 9.84 38.45 
February 6.79 19.55 38.45 
March 42.90 201.20 49.05 
April 36.28 395.30 49.60 
May 97.20 93.32 171.80 
June 55.05 151.70 71.64 
July 13.59 105.90 32.81 
August 6.88 20.08 12.45 
September 5.93 70.29 6.40 
October 24.57 116.60 
November 12.17 16.25 
December 26.13 12.92 

the North Canadian River, probably in the NE4 sec. 22, T. 10N. R. 9E.) 

would be required to deliver the water through the pipe-line system to 

the water_plant. Because the relief herc does not exceed 150 feet, it 

is estimLted that the total head on the pump, consisting of suction 

head, static head, velocity head, friction head and pressure head, if 

any exists, would be low. Consequently low duty water-pumps of 
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centrifugal type will suffice. 

The investment in a wat_r-transportation system and a com-

bination treating and pressure plant having delivery capacity of 

about 40,000 barrels daily would be approximately ;178,000. This 

investi„ent wo_ld include :58,000 as the cost of constructing 4.8 

miles of pips line, and the pump-station at the !'1.:rth Canadian 

River. The investment in the water-treating plant wculd vary 

considerably in accordance with the design of t.hL proposed plailt, 

but would be about 3.00 per barrel for a plant having a delivery 

capacity of 40,000 barrels of water per day. The total cost of the 

combination water-plant rald water-transportation system would be 

equivalent to about .4.45 per barrel of the plant delivery capacity 

daily. On account of various factors such as the cost of labor and 

the price of steel, it is suggested that the inveztment quoted may 

be considered as relative only. 

Impounded Water Supply 

An alternative water supply for the purpose of water-flooding 

the Olympic sand may be provided through the creation of a reservoir 

by the construction of a darn across Little riewol:a Creek, preferably 

in the SE- sec. 35, T. 10N., R. 8E., slightly west of the Olympic 

field. This small stream enters the Olympic field from the west in 

sec. 36, T. 10N., R. 8E., and crosses the field flowing southeastward. 

A dam constructed here to a height of approximatcly 25 feet and having 

an elevation of 800 feet at the top of the dam would impound a 

piaximuL, of about 15,488 acre-feet of water with an estirated average 
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depth of 10 feet. The drainag, basin for this reservoir would be 

about 18.4 square miles. 

No records are available of the rate of discharge of Little 

Wewoka Creek in tnis area. Ho.; -er, records of precipitation and 

water run-off for the area nearest the Olympic field for which such 

records are available show sufficient precipitation for flooding 

the Olympic field. These records giv, the r.ter run-off at the 

Dewar gauging station in sec. 25, T. 12N., R. 13E., on the Deep 

Fork River, about 35 miles northeast of the Olympic field. Its 

drainage basin covers 2,300 square miles and shows a 9-year record 

previous to 1946 of 819,500 acre-feet of water discharged yearly. 

At this rate the drainage basin of the proposed reservoir on Little 

Wewoka Creek e.nbracing an area of 18.4 square miles would discharge 

546 acre-feet of water per month. It is not to be construed that 

these records pertain to the actual water run-off in the general 

area of the Olympic field, but if precipitation in the Olympic field 

is comparable, sufficient vrlt,r could be made available for water-

flooding purpcses on large projectm in the ClyrTic field by 

-_,.mpounding water on Little Wcwoka Creek. 

Subsurface Wat r 

Water has been produced with the oil from subsurface formations 

in a f..w places in the Olympic field. At several places on the north 

and west side of the field water has been reported in some wells 

drilled into the Olympic sand and classified as "dry holes". In 

the !El, sec. 13, T. 10N., R. 8h., a well completed in the Olympic 
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sand produced initially 36 barrels of oil and 360 barrel:: of water 

daily. From these data it is believed that the Olympic sand along 

the margin of the field would not produce sufficient volumes of 

water for extensive flooding operations and that in any event the 

cost of drilling these wells also would be prohibitive. 

A well completed on July 19, 1934 in the Cromwell sand in the 

NW sec. 12, T. 9N., R. 8E., a total depth of 3,474 feet, was 

producing on July 1, 1946,about 500 barrels of water daily with 

its oil production. This quantity of water would suffice for a 

small "pilot" water-flood project. On the other hand the Cromwell 

sand and deeper horizons do not appear attractive as possible sources 

of water in view of their low rate of discharge and the large 

investment required to drill and complete a well at this depth or 

at depths below the Cromwell horizon. 

Electrical logging of shallow formations has indicated several 

of these strata to be water bearing, but they have not been tested 

for their rate of wat.Jr production. It is questionable if these 

formations can produce at a rate sufficient to supply water for 

extensive water-flooding operations. On the other hand their 

potentialities for producing water should not be overlooked. Future 

tests of these zones may show that they can be used as a source of 

water for small water-flooding pro,iucts. 

Gas Resources 

A large voluEle of gas was produced with the oil from the Olympic 

sand in the early lift of the field. In the phase of settled 
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production through which the is now passing, the gas production 

has beco;.:o less abundant oven in of the fact that gas—injection 

operations still are in progmns. During the first 6 months of 

1946, it is estimated that the Olympic sand produced 332,559,000 

cubic feet of gas. But during this period 136,736,000 cubic fact 

of gas was injected into the Olympic sand in the gas—injection system. 

In view of the fact that a large volume of gas is consur2.ed in pumping 

the wells, in marketing, :lid in c)-)erating the gasoline plant, it is 

believed that the surplus gas is of small vnlume. This volume of 

gas is too sm7.11 to be c(kAnercially important for extensive gas-

injection operations. In addition to the gas produced froi; thy: 

Olympic sand, some gas is produced from the Crewell sand by a well 

in the Ilt:14. sec. 12, T. 9N., R. 8E. The voluric of gas and the 

reservoir pressure of this well arc; being used for flowing the oil 

production. No record is available, however, of the gas being 

produced from the Cromwell formation by this well. 

In the early life of the field some gas was produced from the 

Calvin sand which is found about 200 feet above the Olympic zone. 

These wells have been depleted and have been plugged and abandoned. 

Yet, a well which produced fral: the Olympic sand for a tir:,e in the 

SW sec. 12, T. 9N., R. 8g., was converted to a gas-injection well 

by exposing the Calvin sand for its gas production and reinjecting 

this gas into the Olympic sand by use of tubing set on a packer above 

the Olyupic sand. 
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In a few other places in the Olympic field the Calvin sand has 

been found to be gas productive. In 1935, a well completed in the 

Calvin sand in th.: 1'1E1; sec. 12, T. 9!., R. 8E., produced about 

4,800,000 cubic feet of gas initially per day. Furthermore, a well 

completed in the Olympic sand in the I\TE, SWi sec. 12, T. 9N., R. SE., 

found the Calvin sand to be gas productive when this horizon was 

drilled. A test of this sand showed gas-producing potentialities of 

3,000,000 cubic feet daily. It is anticipated that the Calvin sand 

should be gas prAuctive in other parts of the 012:::Ipic field if the 

potentialities :_)f the sand are tested properly. 

A 4-inch gas-transmission line in the N24 sec. 1, T. 9N., R. 8E., 

is used to gather rs from the Olympic field for commercial marketing. 

It connects with the main 8-inch pipe line about 3 miles east of the 

Olympic field. As the market price of gas in this area ranged from 

tc :;;;0.05 per thousand cubic feet on July 1, 1946, it is 

probable that rcpressuring ventures could not be operated profitably 

by injecting gas purchased at tills market price. 

OIL RESERVES 

Non Recwerable Oil 

In the appraiscu,ent of oil reserves recoverable by the application 

of secondary recovery ;:iethods, it is prudent to det-ridne the terminal 

oil saturation the sand at, the tic c...f depletion relative tc the 

specific mediui, that is to be inecteri into th., reservoir. Regardless 

of the characteristics of the injects1 odium, no method of injection 

is known that will remove all oil frov. the pores of a pruducing 

reservoir. The.:Teticn.11y, the percentage of oil coexisting in the 
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reservoir with the interstitial water is dependent on the differonce, 

in pressure between the two phases 16 . The injection of water into 

porous I:xdia is believed to be the best ::,ethod by which oil saturation 

can be reduced to a miniuiun in those reservoirs adaptable to Lhis 

type of operation. 

liuskat and Taylor 17' have shown by experints in the laboratory 

that at about 2C percent oil saturation, the penwabi?ity of the 

reservoir to oil is low and at about 16 percent oil saturation the 

per:..eability to oil is zero. Furtiver::,ore:, the profile of oil content 

of a c(ir frefA a producing; well drilled by the rotary method and 

which was described in that part of the text pertaining to characteris-

tics of the sand body, depicted the voids of the core as being 20 

percent satur-ted with oil. Undoubtedly this core was flushed during 

drilling. Accordingly, the oil content of the core has been reduced 

to a ninimum oil saturation. It is equivalent to the terminal oil 

saturation derived by artificial water flooding of cores in the 

laboratory in flood pots. On the basis of the evidence, it was 

believe advisable in estimating the reserves of oil in the Olympic 

sand tc consider the volu,x .1 oil ru,,aining in the sand after the 

application of water flooding as non-recoverable oil. 

lY Bruce, 4;., and ':!elge, H. J., Thu Restored State Method 
Deternination of Oil in Placeand Connate Water: 7orld Oil, p.34, 
i;ugust 4, 1947. 

Juskat, and Taylor, M. O., Production Histories of Gas Erive 
Reservoirs: A.m. Inst. Min. Let. Zng. Trans., vol. 8, No. 5, p. 4, 
September 1945. 
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rater-flooding projects in oil fields of Oklahoma so far have not 

shown the efficiency of the flooding tests performed in the laboratory 

on cores of the producing sands in these fields owing to enisotropic 

conditions of the sand, by-passing of the injected mediuia, and varia-

tions in water-flooding coverage. !,iuskat 12/, in the treatoent of a 

5-spot system of water flooding, which is the type of pattern adopted 

gcn..rally in water-flood development, has shown that in this particular 

type of geoL.etric pattern the theoretical efficiency of th, flood is 

72.3 percent. On other geometric Irttorns the efficiency ranges 

from about 32 to 89 percent. It is anticipated that exploitation of 

the Olympic sand in this field by water flooding will follow the 5-spot 

pattern. Thus, in this field, the theoretical efficiency of the 

water-flood projects will be about 72.3 percent. As the efficiency of 

water-flood is defined as the fraction of thz: total area of the net-

work that is flooded by the tile thz. flooding medium first reaches the 

producing wells, the minimwo, oil saturation of the sand at the time 

of depletion by secondary operations j.s therefore increased from 20 

percent to 23.3 percent for the entire field. For the purpose of this 

report the calculated lower limit of oil saturation was further 

increased by 1.7 percent owing to the effect of econordc conditions 

on the life of secondary operations, making the actual oil sai,uration 

of the Olympic sand at the economic lir.iit of operation about 30.0 

percent of the pore space in the Olympic reservoir. It is anticipated 

12/ Muskat, 1, The Flow of Homogeneous Fluids Through Porous 
pp. 596-597, New York and London, i.;:cGr..7.w-Hill Book Cc., 1937. 
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that a few properties in the field will not be exploited by water 

flooding, and on these properties the residual oil remaining in the 

sand as non-recoverable oil will be equivalent to the oil saturation 

at the point of depletion of these properties by continuation of • 

the present operations. On the other hand, some of these leaseholds, 

though not directly developed by secondary methods, will no doubt 

offset properties exploited by water flooding, and undoubtedly these 

properties will show some effect from water-flooding operations. 

The residual oil saturation of the offset properties would be reduced 

accordingly, but in a less efficient manner than if the properties 

were embraced i- a systematic water-flood plan. 

Recoverable Oil 

The oil reserve of the Olympic sand recoverable by the application 

of water-flooding methods of operation has been estimated by computing 

the volume of oil in place initially for each leasehold and by 

deducting the volumes of oil and gas withdrawn therefrom, during the 

several phases of production, to a minimum .imit of oil saturation. 

This terminal oil saturation is a function of the relative permeability-

oil saturation relationship. In addition, it was necessary to take 

full cognizance of the factor relating to the economics of oil pro-

duction. Thus, as the reservoir is produced and the flow of oil in 

the producing sand approaches the lower limit of permeability, it 

may be mechanically feasible to withdraw oil fro the voids, but 

continued operation may be unprofitable. Accordingly, the volume 

of oil that may be recovered from the Olympic sand by the application 

of water flooding during future exploitation of the various lease-

90 



holds represents the seondary-oil reserves of the Olympic sand in 

this field. It is the volume of oil that can be recovered by 

reducing the residual saturation cf the reservoir on July 1, 1946, 

which is shown in table 2, to a terminal oil saturation equivalent 

to 30 percent of the pore space in the sand. An additional feature 

of this method includes modification of this procedure by the 

application of a correction factor to allow for reduced permeability-

capacity of the Olympic sand relative to the specific class of sand 

body. 

It is to be noted that the (ilympic sand in ir.cny places in the 

field has shmo variable productive characteristics during the primary 

phase of production. It is anticipated that in zones of equ(i. thick-

ness, the permeability-u pacity of the sand may be the influ:meing 

factor, if all other features are comparable. It is reasonable to 

expect that little oil would be recovered by primary ..:eti..ods in 

zones of low permeability. Also, in places where a thin section of 

sand had high permeability and the ratio of maximum permeability to 

minimum permeability of the sand was high, the recovery of oil would 

be corresponding7,1y poor. 

On account of the variable conductivity characteristics of the 

Olympic sand, the basic method of computing oil reserves was modified 

to compensate for variations in permeability-capacity cf thy_ sand. 

For this reason, the 31ympic sand was segrJgated into four classes 

of productive sand which were directly related to its productive 

characteristics. Furthermore, the volume of recoverable oil was 
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computed using these producing and conductivity characteristics of 

the sand. In calculating the reserves of the best class (class 1) 

of sand body, it was estimated that the volume of oil in the sand 

in this area would be reduced to a minimum oil saturation whose 

volume would occupy 30 percent of the voids in the reservoir. For 

the other classes of sand body, a correction factor was applied to 

compensate for permeability-ratio and reduced per: eability-capacity 

of the sand in relation to the sand body factor of the best class 

of sand body. Actually, the correction factor for each leasehold 

is derived by dividinc, the square of the sand body factor for the 

specific leasehold by the square of the average factor for the class 

1 type of sand body. The average factor for class 1 sand body is 

4.35. It is believed that this correction factor not only compensates 

for reduced periseability-capacity of the sand in zones where the 

productive characteristics of the sand are poor, but that it also 

compensates for the discrepancy entering the estimation of reserves 

in these areas caused by the application of a constant for intersti-

tial water saturation in these an:as. 

The residual oil content of class 1 type of ss.nd body amounts 

to 23,865 barrels of oil per acre as cf July 1, 1946. This volume 

is equivalent to b64.8 barrels of oil per P.cre-foot of sand and 

represents an oil content occupying 41.1 percent of the void space 

of the reservoir. The succeeding classes of sand body ranging from 

2 to 4, inclusive, showed residual oil content of 21,936 barrels per 

acre, 21,200 barrels per acre, and 14,514 barrels per acre, respectively. 
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In the order named, this residual oil content of the reservoir is 

equivalent to 660.7 barrels per acre-foot, 640.5 barrels per acre-

foot, and 587.6 barrels per acre-foot, respectively. The correspond-

ing oil content of these classes of sand body ranges from 44.6 per-

cent of the voids in the class 2 type of sand body to 51.4 percent 

of the pore space in the class 4 type of sand body. 

It is the opinion commonly accepted by core-analysts that the 

interstitial water saturation of a sand increases proportionately in 

zones of low permeability. However, no correction for this factor 

has heretofore been applied by engineers in appraising the reserves 

of oil for various leaseholds in accordance with the sand characteris-

tics. 

The volume of oil representing the oil reserves of the Olympic 

sand by tracts has been computed, as previously mentioned, in accord-

ance with classification of sand body and its distribution is shown 

on the accompanying map. (See pl. :3). Here, it is to be noted that 

the recoverable-oil reserve of the Olympic sand estimated by the 

aforementioned method of computation amounts to 14,622,702 barrels 

of oil to be recovered from 3,471 productive acres. This is equivalent 

to a recovery of 4,213 barrels of oil per acre of sand. As no 

consideration was given to the problem of economics of recovery, it 

is doubtful whether this estimated volume of oil will be recovered 

even though the mechanics of production seemingly are feasible. 

It is significant that the vr)lume of oil which may be recovered 

from a reservoir varies not only with the siiecific type of secondary 
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method, but also varies with the producing efficiency of the type of 

pattern, and the spacing of the wells in the pattern. Thus, the 

application of various geometric patterns may increase or decrease the 

reserves of oil to be recovered. It is to be expected that the 

Olympic field, in being developed by the application of water flooding, 

will be adapted to the 5-spot type of geometric pattern. For this 

reason, all estimates of recoverable oil by water flooding have been 

mado with this type of pattern in view. 

The estimated volume of oil that may be recovered from the Olympic 

sand by the application of water-flooding methods to the various 

classes of sand body by leaseholds is given in table 15. Here it is 

to be noted that on the leaseholds constituting class 1 and class 2 

type of sand body the volume of recoverable oil amounts to 11,842,415 

barrels, or 81.0 percent of all recoverable oil. 

Table 15 

Classification of recoverable oil from the Olympic sand on July 1,1946, 
in the Olympic field, Oklahoma 

Class: :Produc-: 
Recoverable oil 

of :Produc-: tive : Reservoir :Percent: Bbl. : 
sand 3 tive.  : sand, :void space,: of : Total : per :Bbl. per 
body : acres : ft. :thous. bbl.: voids : bbl. acre :acre-foot 

1 460 35.9 26,682.2 12.0 3,205,171 6,968 194.1 
2 1,790 33.2 87,855.5 9.8 8,637,244 4,825 145.3 
3 931 33.1 40,824,2 6.3 2,583,158 2,775 83.8 
4 290 24.6 8,153.1 2.4 197,129 680 27.6  
Total: 
and : 
aver.: 3,471 32.8  163  515.0 8.9 14,622,702 4,213 128.4  
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However, this oil reserve represents recoverable oil by classes 

of sand body where the oil saturation is reduced to a minimum oil 

saturation which is equivalent to a volume of oil occupying 30 

percent of the pore space. It is nct to be construed as the actual 

oil reservo of the field, inasmuch as many properties whose 

recoverable oil is low cannot be exploited by water flooding at a 

crude oil price which, on July 1, 1946, ranged from ,1.09 to ,1.29 

per barrel, and averaged 4..25 for crude of 350 A.P.I. gravity. As 

of July 1, 1946, however, the Government subsidy payable as a 

35-cent per barrel prem-um increased the effective price of 350 A.P.I. 

gravity crude oil to .A.60 per barrel. On many leaseholds the income 

from the sale of crude oil is augmented by additional revenue from 

the sale of residue gas and gasoline; however, this additional incou-

is small and has not been given consideration in this report. 

If the factor of economics is considered in relation to the 

recovery of oil from the Olympic sand by the application of water-

flooding methods, then all of the area embodying class 4 type of 

sand body can be eliminated from consideration as having potential 

oil reserves at this time. Also, most of the area embracing class 3 

type of sand body does not warrant consideration in estimating the 

oil reserves of the O1;, mpic sand. Actually, the oil reserves of the 

Olympic sand are to be found on classes 1 and 2 and part of class 3 

type of sand body on leaseholds which can produce at least 2,500 

barrels of nil per acre when the posted price of crude oil of 350 

A.P.I. is ",a.60 per barrel. Gross oil production of 2,500 barrels 

per acre herein represents the investment in developing a water-
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flood project, and the operating cost of the project in terms of gross 

oil production. 

Inasmuch as many factors were considered in the computation of 

these oil reserves, it is suggested that the resulting estimates in 

essence will be considered as reconnaissance. For this reason, it 

is expected that some tolerance will be given to these estimates of 

oil reserves recoverable from the Olympic sand. 

It is believed that the estiaated oil reserve of the Olympic 

sand, as of July 1, 1946, recoverable by water-flooding methods of 

development and amounting to 13,601,391 barrels of oil, is a 

conservative estimate in view of the estimated ultimate production 

from the field under continuation of present practices. A summary 

of the economic oil resorvet, recoverable by the application of 

water-flooding iaethods to properties estiimted to be capable of 

producing over 2,500 barrels of oil per acre is given in table 16. 

Table 16 

Estimated oil reserves of the Olympic sand on leaseholds showing oil 
reserves greater than 2,500 gross barrels of oil per acre 

Recoverable oil
Class: :Produc-: 
of :Produc-: tive : Reservoir :Percent: : Bbl. : 

sand : tive : sc 1, : void space,: of Total : per :Bbl. per 
body : acres : :thous. bbl.: voids bbl. : acre :acre-foot 
1 +00 35.9 26,682.2 12.0 3,205,171 6,968 194.1 
2 1,760 33.5 87,165.8 9.8 8,571,296 4,870 145.4 
3 555 37.7 27,265.8 6.7 1,824,924 3,288 87.2 

Total: 
and : 

aver.:2,775 34.5 141,113.8 9.6 3,.,601.391 4 901 142.1 
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The economic oil reserves of the Olympic sand and its corresponding 

class of sand body are shown by plate 34. 

It is difficult to estimate the trend of the future price of crude 

oil after July 1, 1946. It is believed, however, that the increasing 

demand for crude oil will influence the crude-price structure. Any 

increase in the price of crude in the future, therefore, places 

water-flooding ventures in the Olympic sand in this field in a more 

favorable position. IL is anticipated that ultimate recovery by 

water flooding in the Olympic sand should result in the reclamation 

of about 13,600,000 barrels of crude oil which, at the price of 

J1.60 per barrel for 35c: A.P.I. gravity oil, including the Government 

subsidy, prevailing on July 1, 1946, would result in a gross income 

of 21,760,000. 

ECONOMICS OF SEk—NDARY RECOVERY 

Investigative work concerning the possibilities of exploiting 

properties in the Olympic field by means of the application of 

secondary-recovery methods so far has dealt chiefly with the behavior 

of the Olympic reservoir. Yet, the problem of economics of oil 

recovery to all operators is a vital necessity for the profitable 

application of the principles of secondary recovery in the development 

of oil producing properties. This knowledge permits the operator to 

follow a definitely conceived program of development and, what is 

more to the point, it gives the operator some conception of the 

tangible and intangible costs of development and the rate of return 

on his investment. 
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An evaluation of a water-flood project is subject to the 

influence of so many variable factors that it is difficult for the 

appraiser to ascertain accurately the monetary return from secondary-

recovery ventures which may be applicable to specific properties and, 

which still may be used for comparative purposes on any property that 

is being considered for secondary-recovery exploitation. Factors 

influencing the development plans and appraisal of prospective water-

flooding property are depth of producing formation and type of 

pattern, spacing of input liens and oil producing wells, operational 

practices, completion of wells, selling price of crude oil, and many 

other auxiliaries toe numerous to mention, but of common knowledge. 

..s the development spacing of the Olympic field conforias to the 

regular class of geometric pattern with spacing between oil wells 

being 660 feet for the most part, the field naturally can be readily 

adapted to the 5-spot type of pattern common to secondary development. 

In this type of geometric pattern, the spacing will be 660 feet 

between like wells, or one input well for each ten acres under 

secondary operation. In similar water-flooding projects in south-

eastern Kansas, where the Bartlesville sand is water flooded at a 

depth of about 2,000 feet, the water-input wells are usually completed 

using 5-1/2 inch O.D. casing. It is logical to expect adaptation of 

similar type of well completion in this field as the sand here 

averages 1,789 feet in depth. 

The volume of recoverable oil in the Olympic sand and the distri-

bution of the leaseholds shown on plate 34 have been estimated 
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conservatively as the oil res,rvos from the respective properties of 

this field that can be reclai. ed by the application cf water-flooding 

methods of operation. The leaseholds constituting the productive area 

of the oil reserves have been limited to those leaseholds that are 

esti:.iatcd to have potentialities for recoverable oil of over 2,500 

gross barrels of oil per acre. This oil recovery per a•r.: is estimated 

to be equivalent t. the monetary investment in development plus the 

cost of operation of a project under flood with a productive life of 

about 10 years. Actually, the tangible and intangible costs for 

development and operation of a water flood, including taxes, should 

in equivalent terms range from 2,300 to 2,500 barrels of oil per acre. 

In estimating the oil reserves of the Clympic sand in this field, it 

was believed to be prudent to use a base recovery of 2,500 gross 

barrels of oil per acre. This estimate appears to be reasorrble in 

view of the probability that the oil wells in the southern part of 

the field in which the gas sand is exposed would require special 

treatment involving considerable expense before the inception of 

water-injection operations. Cm the other hand, it is indicated by 

core analyses of the gas sand that oil is contained in the pores of 

this sand in many places throughout the gas sand area. Consequently, 

it is believed that no remedial work will be required on these oil 

wells in adapting them to the water-flood pattern as the permeability 

ratio of the gas sand and oil zone is probably low. 

Although the oil reserves of the Olympic sand have been estimated 

as the recoverable oil from leaseholds capable of producing over 2,500 
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barrels of oil per acre by water-flooding methods, actually the oil 

reserve of the Olympic sand may be greater on some leaseholds and the 

scope of the available properties in this field wider as it is 

estimated that the break-even oil production for a water-flood project 

producing from the Olympic sand could possibly be as low as 1,500 

gross barrels of oil per acre. For this reason, it is possible that 

many leaseholds showing- recoverable oil amounting to about 1,500 

barrels of oil per acre can be included as tracts having oil reserves. 

These estimates have been made on the basis of a posted price of 

crude oil, including the subsidy paid by the Government, of $1.60 

for an oil of 35° A.P.I. gravity on July 1, 1946. These estimates 

of a break-even factor of production are preliminary and in no 

sense are to be construed as being representative of all properties. 

On the other hand, the break-even production may be adapted as a 

criterion of recoverable: oil on properties that arc being considered 

for water-flood exploitation. 

CONCLUSIONS 

The history of oil and gas production of the Olympic sand is 

typical of the performance of a field producing from a lenticular 

sand by means of gas-expPlasion. Structurally, the Olympic sand 

is a monocline trending northeast but dipping slightly north of west 

whose general structural features are intercepted by small closed 

domes and anticlinal noses. The Olympic sand of the Senora formation 

has produced most of the oil from the field. However, other zones 

lying above and below the Olympic sand have produced some oil. Of 



those other zones the Cromwell sand has been the most productive. 

For the most part gas, cil, and salt water arc segregated gravititior.-

ally in the sand. The salt water is downdip on the north, west, caner 

south sides of the sand body and the associated gas is updip in the 

highest parts of the sand. In general, the Olympic sand has not 

been very water productive, and no distinct water-level exists in 

the sand body. 

The rapid decline of the productivity of all oil wells producing 

from the Olympic sand is an inherent characteristic of the performance 

of a reservoir in which operations have been unrestricted with 

resultant inefficient utilization of available reservoir energy. 

Accordingly, only a portion of the original volume of oil in the 

reservoir has been withdrawn by primary and by gas injection 

operating practices to July 1, 1946. A large volume of oil remains 

in the pore space of the Olympic sand, a substantial part of which 

probably could be reclaimed by the application of secondary-recovery 

practices such as water flooding. 

Initial productivity of wells producing from the Olympic sand 

was high in many places in the field and a few of these wells produced 

as much as 2,000 barrels in the first day of operation. The high 

productivity of the sand is indicative of the good producing 

characteristics of the reservoir, such as moderate permeability,and 

general excellent thickness of the producing zone. 

The results of operations in the Olympic sand to July 1, 1946, 

are consistent with the expected performance of this type of reservoir. 

Of 13,202,994 barrels of oil produced from this field, it is estimated 

101 



that the Olympic sand has produced 12,989,817 barrels of oil. This 

volume is equivalent to 98.4 percent of the oil produced from all 

horizons. Other producing formations are credited with 213,177 

barrels of production of which the Cromwell sand produced the most 

oil. The oil produced from the 3,423 productive acres of Olympic 

sand in this field is equivalent to an oil recovery of 3,795 barrels 

of oil per acre. 

Gas injection operations were started in August 1937, and it 

is estimated that the injection of 2,183,397,000 cubic feet of 

residue gas, representing 12.0 percent of all gas production, was 

instrumental in reclaiming an estimated 212,000 barrels of oil. 

This volume represents 1 barrel of oil over nomal production for 

each 10,300 cubic feet of residue gas injected. Most oil attributed 

to the injection of gas was recovered in the southern part of the 

field. 

To July 1, 1946, the gross gas production of the Olympic sand 

was 18,247,065,000 cubic feet, which represents a gas-oil ratio of 

1,405 cubic feet. If the volume of gas injected into the Olympic 

sand is deducted from the total volume of produced gas, the net gas-

oil ratio for the Olympic sand is 1,237 cubic feet. 

As the original oil content of the Olympic sand is estimated at 

86,215,400 barrels of stock-tank oil, the withdrawal of 12,989,817 

barrels by normal and gas injection methods represented a recovery 

of 15.1 percent of the initial oil in the reservoir to July 1, 1946. 

This quantity of produced oil is estimated to have occupied 8.0 
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percent of the voids in the reservoir. By primary methods of 

production, the Olympic sand is estimated to have produced 12,777,000 

barrels of oil, or 98.4 percent of the total oil produced from the 

sand to July 1, 1946. The combination of normal and gas-repressuring 

methods by July 1, 1946, had reduced the oil saturation of the 

Olympic sand in this field from the initial volume of oil occupying 

53.3 percent of the pore space to a volume of residual oil occupying 

45.3 percent of the pore space in the reservoir. 

If the field should remain on production by continuation of the 

operating methods practiced on July 1, 1916, it is estimated that 

future oil production from the Olympic sand by these methods would 

approximate 1,387,0C° barrels of oil. This woqld result in an 

ultimate production of r:bout 10,377,000 barr,:ls, or an average 

recovery of about 4,200 17,:117 of oil per acre. It is estimated 

that the average oil satIlation of the Clympic sand after this 

withdrawal would not be ::such less than 45 percent of the voids. 

It is expccted that a portion of any future oil to be produced 

by continuation cf .6hc current operating practices will be attri-

buted to the injection of gas. Prior to July 1, 1946, this practice 

had been instrur,ental in re,:JiTerIng approximately 212,000 barrels of 

oil from 870 comprstnE the leaseholds which is equivalent to 

244 barrels of oil pe:. acre.. The efficiency nf this iicthod of 

operation in terr.is of volur:,e of oil produced is low, yet gas injection 

has retarded production--decline, and it has extended the productive 

life of many properties, Of greater significance is that it has 
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demonstrated the fact that much oil remains in the Olympic sand 

which may be recovered by the application of water-flooding practices 

Owing to the variation in the productive capabilities of the 

Olympic sand in many leaseholds of the field, the tracts have been 

classified in terms of sand body factors which denote their ability 

to produce oil. On the basis of the quantity of oil produced prior 

to July 1, 1946, and for the purposes of this report, the Olympic 

sand body is placed in four classes of productive sand by leaseholds. 

To July 1, 1946, the first three classes of sand body produced 

12,841,001 barrels of oil, or 98.4 percent of all oil produced from 

the Olympic sand. Of these classes of sand body, class 2 has the 

largest total producticn. It has produced 7,505,595 barrels of 

oil, or 58.4 percent of the oil produced from the Olympic sand, and 

it unquestionably indicates the best possibilities for large scale 

water-flooding exploitation in the field. Nevertheless, the class 

1 type of sand body possesses the best producing qualifications in 

terms of oil recovery per acre, but it is not widespread in this 

field. 

In estimating the oil reserves of the Olympic sand, the lower 

limit of residual oil saturation to which the oil content could be 

reduced efficiently was estivated to bo 30 percent of the pore space. 

The volume of oil recoverable to this terminal oil saturation was 

estimated to be 14,623,000 barrels from 2,775 acres of productive 

sand apportioned among four classes of sand body. It is equivalent 

to a recovery of 4,200 barrels of oil per acre. Economically, 
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however, a portion of this oil could not be recovered at a crude oil 

price which averaged 31.60 per barrel for the field on July 1, 1946, 

including the 35-cent subsidy. Because of the influence of economic 

considerations on any estimate of the recoverable oil reserves of the 

Olympic sand, the actual oil reserves were estimated to be the 

recoverable oil on those leaseholds capable of producing 2,500 or more 

barrels of oil ccr acre. On this basis, it is estimated that the oil 

reserves of the Olympic sand are approximately 13,601,000 barrels of 

oil from 2,775 productive acres which are economically feasible for 

exploitation by water-flooding iiethods of operation. Such a recovery 

would amount to 4,900 barrels of oil per acre, or 142 barrels of oil 

per acre-foot of productive sand. 

Because the operator of a water-flood project expects to make a 

profit on the investment required, it was considered conservative to 

compute the oil reserves only from those leaseholds estimated to be 

capable of producing 2,500 barrels of oil per acre by water-flood methods. 

The present spacing pattern of the field appears to be readily adaptable 

to the 5-spot geometric pattern common to water-flooding development. 

It is estimated that the actual break-even production of oil could be 

much less than 2,500 barrels per acre - probably in the range of 1,100 

to 1,500 gross barrels of oil per acre. This represents the volume 

of oil required to amortize the investment in developing the properties 

and the total cost of operating these properties until the investment is 

paid out. 

So far no attempt has been mcdc to exploit the Olympic sand in 

Oklahoma, by the application of water-flooding methods of operation. 
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Nevertheless, it is believed that the sand can be feasibly water 

flooded, and that a considerable volume of oil can be recovered that 

might otherwise be lost to the oil industry. 

By January 1, 1948, the posted price of 35° A.P.I. gravity crude 

oil in the Olympic field had increased to '$2.55 per barrel. This 

increase over the price of $1.60 per barrel used herein for determining 

the economic feasibility of secondary development will increase the 

economic oil reserves in two ways. If continued, the increased oil 

price will extend the economic productive life of secondary-recovery 

projects, with a resultant increase in ultiLate oil recovery. In 

addition, it will permit the profitable exploitation of many properties 

heretofore considered tco marginal from an economic standpoint for 

development by secondary methods. 
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