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SECONLARY-RECOVERY POSSIBILITIES
oF

THE OLYMPIC FISLD

Hughes and Okfuskee Counties, Oklohoma
By

I. W. Fox, R, L. Ginter, anda G. P. Alden

ABSTRACT

The Clympic field in the Seminolie aistrict of eagt-centrel
Oklehome embreaces an areas of 3,4<3 proauctive acres. The discovery
well of the field was completed in the Cromwsll sznd of Pennsylvan-
ian age July 19, 1934. 7The chief prccucing norizon in the field is
the Olympic sand, a lenticuler sunastone member of the Senora forma-
tion of Pennsylvenien age which is sbout 47 fest thick end is fournd
at desths ranging from 1,633 to 1,720 feet. The proauctive area of
the fiela is a narrow belt trencing northeastward about 6-1/2 miles
and renging in wiuth from half a mile to 1-1/4 miles, The accumulée-
tion of o0il and ges occurs in & typicsl off-shore bar which by its
structure controls distribution of the hydrocerbons. Horizons
other then the Olympic sana anc the Cromwell ssnd, such as the
Calvin sana the the Gilerc:ase sznd of Pennsylvenien age, ana the
Hunton limestone of Siluro-DLevonier sage have procuced : small
quentity of oil and gas.

After oil proauction was founc in the Clympic send, the fiecla
was rapicly cefined, anc aevelopment was complete¢ by August 19737,

Owing to the intensc drilling activity, the fiela resched its peek



production from the Olympic sand in 1937, cwounting to 11,564
berrels daily, anc proauction declined rapialy thercatfter.

The history of o0il sana ges proGuction indicatce that the
Olympic reservoir prodauces by gas-ezpansion type of mecheaniem.
Initiel productivity of meany oil wells rznged from 300 to 1,000
barrels of oil daily, and & few wells attained & maximui initial
proauction of 2,00C barrels of oil per day. 0il proauction from
wells on the fianks of the field was smnell, some walls proaucing
es low es 5 barrcls of cil auring the Tirst dey of proGuction.
Proauction decline for most wells in this field was repid and by
July 1, 1946, the pr uction from all wells procucing from the
Olympic senG averegea 841 barrels of oil per dey with about 5C0
barrels of salt water. The gravity of the'oil renges from 27° %o
37° A.P.I., with an average grzvity of sbout 350 A.P.I. gravity.

To July 1, 1946, the Olympic ficld hac proGuced 13,202,944
barrels of o0il from 347 wells proaucing from all the prcauctive
horizons in the fiela for en average recovery of 3,857 bsrrols of
0il per proauctive acre. Of this volume of 0il, 343 wells com-
pleted in the Olympic sand produced 12,989,817 barrcls which wes
equivalent to & recovery of 3,795 barrcle of oil per zcre. Ansalysis
of the reservoir-performmence iraiczted thet the volume of o0il pro-
duced from the Olympic sunc to July 1, 1946, was cpproXimetely 15.1
percent of the origincl 86,215,400 beriels of oil in the reservoir,
or its ecquivalent of 25,187 barrels per acva. The 12,9#9,E17
barrels of oil proaucea from the Clympic sand is equivilznt to the

volume of oil occupyi..g 8.0 percent of the pore spacs in the

)



reservoir. By coutinuation of prescnt ges-injection methods of
operation, it is estimated thab the Olyapic sanc will produce
ultimstely about 14,376,000 burrcls of oil. On July 1, 1946, the
volume of rcsidusl oil in the Olympic sand wss estimated to be
73,226,000 baerrels, or 21,392 berrcis of oil per scre. In wquiva-
lent temms, it may be zipressed as the volume of resicual oil
occupying 45.3 percent of the voics in the Olympic sena.

It is cstimetea thet gas-injection operctions, =mbrscing £70
productive zcres of the Olympic send by leaseholds, have proauced
212,000 berrels of oil sirce the inceptiovn of these opefations in
August 1937. This cocitiornal velume of oil averaging 244 barrels
of o0il per riepressuvet-cere resulted from the injection of
2,183, 597,000 cubic Ieet ~f gns. This is equivelent to 12.0 percent
of the 18,%247,065,000 cuvic fect of gos prooucec from the Olympic
send to July 1, 1946. The gross gus-oil rotio for the Olympic sena
emcunts to 1,405 cubic feet of gus per bazrrel of oil producea,
wherecs the net gas-oil retio is 1,237 cubic feet of gas per bsrrel
of prouucea oil.

The physicel ccnaitions <t the Olynpic sena body heve been
studieu wnd the most favorable aress susceptible tu the applicsastion
of wzter floouing are cited together with the :stimeted oil reserves
recoverable from these arcas., The derivatisn of the recovery factor
¢nG its rclation to the various classes f productive sznd hody sre
aiscussea in Geteil.

It is enticiputed thet futur:s exploisztion of the Olympic send

will entzil the spplicatinn of woter-floocing methoods of cevelopment.



The ectuzl oil reserves ena economic 2il reserves oi' the Clympic
send, emounting to ebout 14,623,000 barrels of oil anc 13,601,000
barrels of o0il, respectively, have been computed volumetrically.
surface znd subsurface wzier resources agaptable to the expl-ite-
tion of the sana by wter-flooding methods have been investigciecd.
It is believcu that future development of the field by weter-
floocing methoas under present economic concitions will embrece
about 2,775 procductive acres which will yield approximstely
13,601,000 barrels of oil equivalent to en estimeted recovery of
0il averzging 4,901 barrels per acre. The posted price of 35C HoBE.
grevity crude oil on July 1, 1946, wes 31.25 per burrel. This mer-
ket price was cugmentec by the subsicy which was peic by the
Government amounting to 35 cents per barrel, nmeking the cffective

price of cruue 0il sbout $1.60 per barrel in this fiela.

INTROLUCTION

Purpose of the Report

The application of secondary-recovery methous to oil fielcds
procucing from formations at depths heretefore usuelly counsicered
to be belosw the rengs . f profitsble seconuary expleitstion by the
methou of water-flooding is being given the utmost consiceretion
by many 2il cperators in view ¢f the grect demzna for crude 2il =nd
the increesing consumption of petroleum cnc its prouucts. Not only
arc these oil reserves of economic importence to the petroleum in-
Custry to help meet commitments fo1 crude 0il, but the profitcdle
rzclamation of such reserves is & conservetion messurc chet will

prolong the productive life of meny oil procucing properties.



In the pest, witer-floouing ventures in the Mic-Continent
Region bave becn confincu generelly to formations such as the
Bertiesville sinG at shallow uepths, thcugh in a few fizlas water
floocing he=s been profitsbly currie« cn et depths cxeeeuing z,000
fect utilizing spacing cf 660 fest be*tween like wells. Unquestion-
ably, in mzny of the fields that have producec substentizl velumes
of eruue 0il I'rom uweeper Temations by primery methels of operwtion
env whicn =zre at present in the marginel "stripper" paase =f their
procuctive life, mouern ncthocs of seconudory recovery may be suc-
cessfully institutew. Tt is wnticipsted that the reclzmation of
these il reserves miny be cccomplished profitebly by utilizing the
specific secomcary aethed of operstion invelving either tﬁe injec-
tion of eir, gts, or weter intc the il reservoir. On the other
neénw, the successful &«pplizazticn -7 these nethods to o0il ficlas
prewucing frow fomiations founu at shellow zna at moderete aepths
requires invegtigetive stuaies of the technical prcblems involved
in the development of the Tielu by medern seconuzry prectices. The
tecimicel phese of this problun is complex requiring rct only
investigative stuaies of principles of petrclews enginecring, bhut
elsc investigative work invoiving genlogic wné economic congideration.

Tac Uniteuw States Geoleogiezl Survey hes teon cne ©f the picneers
ir. the publiceition of reports incornorating cnginecrirg «nd histori-
cel date pertecining to the wpplicetion Jf secondrry-rec~very -wethocs
to specific 0il ficlus, 7Trese rop.rts were intendec to stimulate
irterest in the pract1c§ »f secondery recovery, but in essence were

to aid operators in the sclection of 711 fields embracing Indicr



1ends which mey Ue exploitea profitatly by scecondary-recovery

ventures. This report on the secondary-recovery possibilitics

of the Olympic s&nd in the Olympic field, Hughes and Okfuskee

Counties, Oklzhoma, is one of a series of reports, 1/ 2/ 3/ ou

secondary-recovery program of studies on selected oil ficslds.

It is the fourth report by the Specizl Stuuies Group of the 0il

and Gas Leeasing Division, idid-Continent Rcgion, U. S. Geologicol

Survey concerning the applicztion of secondery recovery to oil

fieclas embracing restricted Inuian lends over which the Department

of the Interior retzins jurisaiction for the benefit of the ellottees.
The purpose cf this report is to ciscuss the develorment-

history anu the rel:ztive geologicsal zna enginesring det:s pertoin-

ing to the producing resarvoir of the Olympic sené in the Clymoic

Tield, Oklshoma. Furthermore, by interpretztion of the procuctive

characteristics of the reservoir, it is the purpose tc csteblish

correlation between oil prouuction end lithologic cheracteristics

of the sana body as a criterion o aesignate erecs in which second-

ary-recovery methous of explcitation mey be fezsibly znd ecoromicully

eppliec. Witk this in view, the commercisl importsnce of gaes-

injection operctions previously developoed in the Olympic field :nd

the cngineering technique of tiic operetions sre uiscusseu fully.,

1/* Fox, I.W., Thigpen, C.H., Ginter, R.L., end Alden, G.P., A Stucy
of Secondery Recovery Possibiiities in the Hogshooter Fiels,
Weehington County, Oklehoms: U.E&. Geciogicel Survcy, 1945.

2/* Fox, I.W., Thigpen, C.HE., Ginter, R.L., &nd Alc¢en, G.P., A Study
of Seconczry Recovery Possibilities in the Nowzte-Cleggett Tielq,
Nowcta County, Oklehoms: U.S. Geologicel Survey, 1945.

3/ Fox, I.W., Ginter, R.L., anc Aldesn, G.P., Secondsry Recovery
Possibilities in the Western Part of the Dzlaware-Chiluerc Field,
Noweta County, Okichoma: U.3. Geolegicel Survey, 1948.
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In view of the fact that future sceoncary exploitation of the
olympic senc irn this fielo will probebly incluue the application
of water-floouing prectices, the engineering techniques involved
in this methou of develcpment znu econcmics thereof =2re discussea.
This repcrt may be of particuler interest to those operators who
are concerncd with the further devclopment of properties by the
appiicetion of sccondsry-reccvery prectices. In edaition, it may
be of intercst to those indivicucls seeking some technicel knowl-
eage of & prouucing reservoir from which the prowuction hes ueclined
through the "flush" procuction stege to the "settled" phese of
procuction znc still chows possibilitics for future <evelopment by

the cppiication of seconuary-recovery methoas of operaztion.

[~

Locction sna Extent of the Field

The Olympic 2il fielu is in the southwestern pert of Okfuskee
County anu the northwestern psrt of Hughes County, Oklzhoma, =about
50 miles eest of the center of the stote.(See pl. 1). The Stanuing
Committee on 0il Fielc Nomenclature, Ksnsas-Oklzhoms Division, Mic-
Contirnnt Oil =nd Ges Association, uesc¢ribes the fizle s embracing
9,120 ezcres in Tps. 9 enc 10 N., Rs. 8 enc 9 E. (See pl. 2). The
developeG pert of the field, comprising 3,423 procuctive &acres pro-
Gucing mainly frowi the Olympic send, extends spproximately N. 18° =.
e istence of 6-1/2 miles. At its brozdest pert, the fielc is 1-1/4
miles wice, wherees a2t the nerrowest pert, it is cbout helf @« mile
wiue. The ofrici<l cescripticn of the field by the Nomenclature

Comnittee is os follows:
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s% sec. 7, SW} sec. 8, Wy sec. 17, secs. 1€ anc .9,
Ws sec. 30, ena W3 sec. 31, T. 10 N., R. 9 L.
E: sec. 13, E3 sec. 24, secs. 25 and 36, T. 10 R., R. 8 E.
Sees. 1, 2, 1L, &, 13, and 14, T, 9 N., R. 8 B.

Sec. 6 T. 5 N., R. 9 E., Inaian Meriaien.

Data Exzmined

(]
4

Because the Olyingic fielc was developeu in the iatter part

~

the thirties zt a time when operators were becoming fully awsre o
the technical importance of ueveloprent aud operationzl azte of san
0il fiela, more information has been recerded anc been made aveil-
able for analysi-s than for many earlicr cil fields in Oklehoma. It
was most opportune that complete oil production date werce made avail-
eble by operztors ana pipéline companiez. Theze date together with
complete well log recoras mace the enalysis of rescrvoir conditions
in the Olympic seand morc comprehensive, Much informetion concerning
the gus procuction of the Olympic sind was available Tor this study.
It was necessary, however, to estimate the gas production of a Tew
leaseholds. This informetion ana adaitional feactuzl datz were suf-
ficient to show thc aevelopment anu operational history and geclogic
agpects of the fiela together with the behavicr of the Clympic r=ser-
voir, cherccteristics of the sina body, present status ¢f the Clympic
fielu, economic aspects of ¢il and gas procuction, rnd oil reserves.
The arelysis of roservoir conditions entailet the excainetion of
343 drillers' logs which disclosed pertinent deta of <11 wclls com-
pleted in the Olympic scie. Furthermore, four cacitional drillers!
logs were obteinea which pertsinec %o wells complcied in formations
above or below the Oly@pic senu. Although 15 cor. =n&lyseés in adui-

tion to the aforemertionea Qsts werc availcble, only two of these



apelyses presented information of the "pay" zone of Olympic sunc body.
mhe other 13 entlys.s prcsented informetion only fory the intervel
from the Henryetta coel to the top of the oil "pay" zone in the
0Olympic send.

The preparation of the uevelopment may (see pl. 2) incluced
exemination ot meny pioperty maps of the operators zna determination
of the stetus eva description of the wells in the field, Accitionel
inforzation for this report was acquireua by intervicwing cperctors
enu inciviauels who hau teen szngagec in the development sna operztion

of propertiecs in this ficld.

vete Agscnbled

The tecinicel Caotea essanbletd for enc the dats inclucec in this
report confora to the requircments of moaern development cni operat-
ing practices. Fortunatcly, most of the pertinent dota from which
the principal conclusions were uerived were re~uily obtrinable though
the preciscness of the deta was ofter questionable. Nevertheless, a
few dets were not aveileble ana thus requirea postulation, pzrticu-
lerly concerning the arnclysis of the rescrvoir performence. iuch of
these wete, particularly with reference to interstitizl wrter content,
porocgity, gzsg sclubility, end shrinkege of the oil, were not ceter-
minet by snulyticel methous ant, perforeg, were uerivet by indiract
nethous.

All cil pro.uce¢ from this ficld by the virious leuseholius,

which emcuntec to 13,202,944 berrels to July 1, 1946, from five

o

procucing fermotions, wes compilec. Because o few prouucing zones

in the field other then the Olympic sunt pro.uced some oil, estimation



?»by gecline-curves of tne velumc of c¢il prooucen. fron such zoner
wes necessary. Of the cummulative oil procuction from the Tielg,
it was estimatec thet the Olympic senu procuces 12,990,000 berrels
to July 1, 1346.

The accuracy of some of the drillers' logs, especiclly =s %o
the presence of the gus sand enG the thickness of 0il send cxposed
in a few wells, is in doubt. FFurthermore, mcny wells cidé not pene-
trate the Olympic suni completely, enu for these wells the thickness
of the senu wes estimatea from cross sections zligred through wells
with recorueu totul thickness of s:nda., As thce thickiiess of the
Olympic s:znu hes becn estim«ted in meny pleces by this methoa, it is
reasonable to assume thet the thickness of the sinu will require
determination by more precise metioas, if future uevelopnent of the
reservoir by seconcury methods is contemplated.

Meny auuitional uata concerning the wevelopment of the fielc
ena the performence of the reservoir were obteineu uwnu were incorpn-
rztea in this report in the form of meps, plats, grephs, =nc tebles
supplementary to cnd in confimsction of the test. Incluueu is the
record of gus prouuction from the Olympic scnu enuc the gzs-injectiorn
asts. The presentation of il daate cencerning the performence of
the Olympic sunu reserveir in conjunction with the selcction of ereas

fevorable to exploitetion by sceoutuiry recovery :ne estincteg of

O]

o
-

reserves in these arses msy prove to e of nastericl cio to thes
cperators interestec in future wevelcpment of this ric<lu. Reserve
estimates, conclusicns;, end recomaencetions covereu in this report

are made &s of July ¥, 1946.
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HISTORY

Discovery and Developuent of Oil anc Gas

The discovery well of the Olyapic fielc, McCaslin Well 1, in
the SE} NW; NW; sec. 12, T. G N., R. 8 E., wus completed by the
Olympic 0il Compzny, July 19, 1934, in the Cromwell sand et ¢ totel
cepth of 3,474 feet by the rotary niethou f arilling. Initial pro-
cuctivity of this well is rucorces s being 25 berrels of nil hourly
durirg z test peric. f 2 hours. In conjunction with the 2il pro-
tuction the well prowucec 40 million cubic fest of grs dzily.
Although this was the aiscovery well of the Olympic Tield, it wus
not the ciscovery well of the Olyrpic sun¢. The well was urillec
through end reccrued the Olympic zone s wmicecesus sanu at “epths
1680-1720 feect, enu-showing cil scturction. The zone was not tested,
however, for cil anu ges prowuction. The log =f this well zlso
recoruet the Gilcrezse g:nd between 3220-3235 fect with ¢il setura-
tion in scver:l plzces.

The bLixon-A Well 1, completec by the Munehen 0il Compuny on
December 8, 1934, in the NE3SWiN#; sce, 12, T. 9 N., R. 8 E,, ts ¢
south-offset well to the aiscovery well »f the ficld on the McCaslin
leeschold, prioducea oilvfrnm the Cromwell szn< for &« time at = total
depth of 3,456 feet, the prowucing zone being et depths between

12
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3438-3456 fect. The Olympic zone in the Senora formation in this
well was coreGa. The core consisted -f sznd at Gepths ranging from
1693-1700 feet; bproken sena scturated with oil &t cepths ranging from
1700-1718 feet; sna senc at cepths between 1718-1751 feet. Little
0il was prouwuced from the Cromwell s:nG ené the well wes deepeneG by
rotery-toocls. Deepening stertcu Jenuary 23, 1935, anc was ccmpletea
Februery 11, 1935, et a totel ucpth of 4,279 feet in the Wilcox ssnd
of Oruivicien age. The Wilcox send between depths 4277-4279 feéet

we s proveuhgo b barren of 0il anc gas procucticn, but was found to
be water besring. The well wos then plugges back tc a depth of 1,737
fect ani, ofter expousing tne Qlyapic sinéd, wes completse on July 17,
1935, with ea initizl procwiction »f 100 barrels of oil wazily. It
thus becime the cisccvery well of the Olympic sonu i the Olyapic
fielce.

The Olympic fielu might have been uiscovercu enrlier if 2 few
cf the wells that were crilled in this erea to the Oraivicien rocks
hau testec tne oil anu gos bearing properties of the Senor:z formation
where the Grillers' logs ghew:st cil seturztion in the sand. The most
nctewerthy of these wells is mentioneu, Jobn I. Cary, arilling

ontrector for the Inuependent 0il and Gas Compeny, 4rilleu Cerclinc
Well 1, in April 1924, in the SW} SE: SBE} sec. 18, T. 10 N., R. 9 E.
This well, urillec by coble-tool uicthods to a totsl depth of 3438

fect, testec the Cromwell srné at wepths between 3433-3436 Teet for

my

0il snu gas prouwuction. The log of this well showeG thot broken sznd
wes fountc at uepths betwoen 1760-1836 feet, anu in this section of

send, 0il eaa gas seturution was repurted at a depth of 1800 feet,

13
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prGSUmably in the Scnora formetion., The prowctiveness -f this zenc
was not testeu, however, znu the well was consicGered to be Gry and
was pluggeu and ebanaoned,

After active wevelcopment of the Olympic senc had begun in the
southern part of the fielc, 2 twin well tc this dry hole, Fisher
Well 1, wes completec by the Ark Royelty Company on May 1, 1936,
exposing the Olympic zone in the Senora formeation at depths between
1764-1829 feet. 1In view of this, it ic pelievec thet the well wrilled
by the IncepenGent 0il enc Gas Compeny on the Carolina lezscholu wculd
heve provet the 0il enu ges potentialitics ¢f the Olyapic sena es
ecrly zs 1924, hec it been testec ciequately.

Ar sctive crilling crmptign followee the ciscuvery of oil in the
Olympic sinu. The Olympic fiscle was extenuec ropicly oo the bowndas
of the fielu soor were cefineu either by u¢ry holes or by wells with
low initiel procuctivity. Manj wells prciucing from the Olympic senu
were completeu in 197°%, but the peak of urilling activity was attained
in 1936 when 178 procucing oil wells were completec. During March
1937, 31 wells were completed anu therecfter active cevelopment work
diminisheu rapialy ant hac practically terminstet oy August 1937,
elthough a few wells were complctew zs late as April 1938. Actually,
347 0il wells were completec in the Clympic field and of these wells
343 were completed ir the Olympic s:ina.

As crilling sctivity spreeu in the fielw, the cil procuction of
the wells prouucing Iron the Olympic sanc mounted properticnately,
reaching the pesk of 4,220,771 barrels for the yeer 1937, cor on

average of 11,564 barrels dsily. (See pl. 3). The 1937 pcek procuction

14
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of the fielu for all producing zones emounteu to 4,238,505 barrels,

or en average of 11,612 berrels of oil per dacy. (See pl. 4). Sub-
sequently, the oil prowuction declinet rapicly end reachcu the period
of settlea procuction in 1942, during which yezr the Olympic §£nd
procuceu about 1,326 berrels of oil daily, or an everege of 4.3 barrels
per well per day. During 1940-45, end especially in 1940-43, many old
wells were ueepened in the Olympic scna, and in a few of these wells
the Olympic swnc. was exposeu completely. The deepening opercticns

were carriec cut cn meny leszseholds throughout the field.

Of the 347 oil wells ccmpleted in the Olympic ficla, ell but four
were completew in the Olymric sznd; one well heving been completed in
the Calvin s:inG; oune well prouwucing frow the Gileresse sand; one well
procucing froo the Crorwell senc anc later the Hunten "lime", and one
well prowucing from the Cromwell sena. Of further interest is the
fact that ¢ gas well in the NWk sec. 13, T. 10 N., R. 8 E. produces
ges from the Gilercase sund, The yield of oil from ell formations
other thoi the Olympic ssna has been only & small percentzge of the
tctsl procuction from the fiela to July 1, 1946, this volume being

<bout 1.6 percsnt of the tutal cil procuction.

Drillins enu Completion Methods

The rotnry urilling methnu wes used to cevelop the Olympic field
almost exclusively. However, a few cerly wells were c¢rilled by stand-
erd cable-tool methods. Msny wells were drilled by the rotury method
using light porteble urilling mochines end & few wells were arilled

with heavier urilling equipment of the rotury type.
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The development ot the Olynpic fielu acher~d to the conventinnl
10-acre specing of wells except in the northern part »f the fielc
where a few smcll leaseholds required closer spacing of wells.

In drilling wells in this fiela, the usual prectice wss to set o
conductor consisting of two or more joints of 10-inch, or 12-1/2-irch,
or 15-1/2-inch cesing through the surfsce soil, grevel, or quicksend,
and to cement this casing with cement slurry smounting tc 20 or 30
sacks.

In the ecrly development of the field, it was common procecure
to ¢rill by rotiry mcchine to & cepth slightly below the Henryetts
ccal bed, wnd using this bev as e marker, to core the top ~f the
Olympic scra or core until o0il saturction wos Tound in the scnd, and
then to cement 7-inc.. casing cbove the tcp of the Henryetta coal bed
anu drill the Olympic send with ceble-tcol drilling machines. Owing
to the continuity snd uniformity of the Heuryette coanl bed, it was
usea £s & marker in all drilling opcrations. Furthermore, in & few
wells it was uscu as a mezns to estimate the Gepth to the top :f the
Olympic o0il scnd, thus elimineting the necessity of coring to locate
this zcne. In cther completion methous, 7-inch cesing wes cemented
below the Henryetta cocl in cither o shele beG, in the tcp of the
Olympic sund in the ghele or gis cap 2vnes, or at the uepth where
0il scturcticn wes found to be prosent in the sznd. The quentity of
cement useu in these cementing operctions rengeu from 745 to 200
sacks, but usually about 150 sticks were used,

In virtuclly #«1i wells, the Olywpic senc wes sghot with nitre-

glyccrine., The chiarge ranged r'rem 1 to 3 quarts per footbt of send

16



and eggregeted about 10 tc 70 quarts of cxplosive load. Common
practice was to stem the eXplosive charge using 1-1/2 to 2 cubic
yards of stnd. The charge was exploaeu with either remote electricrl

control or by use of & clock-controlled bomb.

Initial Preduction

The initizl procuction of wells procucing from the Olympic szind
in this ficla reflecteu the excellent procwuctive characteristics of
the Olympic senu reservoir. It indicated that in many perts of the
field the Olymuic stnd was a very thick, highly permeable sund with
e normel reservoir pressure fur its Gepth. Initinl productivity of
the better wells was recorcet on the Grillers' logs to be as high as
2,000 barrels daily. However, mest wells in the ereas of thick sand
prowceu 300 to 1,000 barrels per ¢ay initielly. The initial procuc-
tion of most wells prouwucing oil from the Olympic sanc is shown by
the initial production map. (See pl. 5). It is to be noted that the
wells of large initial prouuction lie in grouuns coincidaing with areas
of ihick s&nd and trencing usuelly in elongated zcmes with the long
sxis of the field. On the flanks of the Olympic sand boay and in the
northern part of the fiela, procuctivity rates ronged from 300 barrels
deily initiclly tc es low as 5 barrels per well per azy, the avercge
teing whbout 150 burrels. The average initiel procuction of all wells
completee in the Olympic stnw in 1935, wes 394 burrels ccily. In the
succeeidng years of develousent the average initial prouuction of wells
prowucing from the Olympic sunu ciminished greduelly. In 1936 it wes

296 barrels, =n¢ in 1937 it was 133 barrels per day.
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Meny arillers! iogs recore ¢ gus sitniw above the o0il sane in %he
Olympic zone, espéciully those wells in T. 9 N., R. 8 E., in the
southern part of the field, and thosc wells procducing from the Olympic
send in the socuthern porticn -f ., 10 X., Rs. 8 tne¢ 9 E. Mzny of the
wells completed in the Olympic sand in these areacs prowuceu substan-
tial volumes uf gts with the oil, the volume of gee geuging from 9.5
nmillion to 8 million cubic fect of geas per Zuy initiclly. Furthor-
mere, in the Nwj NEX MW} sce. 31, T. 10 N., R. 9 E., ¢ well coapleted
Sepuvanber 28, 1936, in the Olympic sand pro.ueced gee only; the vilume
of the ges, however, wes not reeorded. In the NW}R Swh NE} sec. 12,
T. 9 N., R. 8 E., & well completes in the Olympic zune procucee con-
siuercble mrs, anu luter after being decpencae inte the il zone pro-
ducec large volumes of ges wnu e smell quantity of oil., The rock
pressure of this well wts recorcec on the crillers' log as 575 pounds
per squere inch. In the SW; SWk Ni} sec. 12, T. 9N., R. 8 E., ¢
well completec in 1935, vrocwuceu 6 millien cubic feet of ges =nd 25
berrels of oil per cay initially from the Olympic sanc with & reccrued
rock pressurc 2f 732 pounds per squerc inch.

The initiel prowuction of wells prouucing cil or gas from forma-
tions »ther then the Olympic sanu in this field is worthy of mention,
A well in the gE} NWQ NW} sec. 12, T. G N., R. & E., completex in the
Cremwell gane £t & totel aepth of 3474 Teet, flowece initislly 25
berrels of »il hourly curing s z-h~ur testing pceriocd. In eddition
thic wall Leeved 40,000,000 cubie Teet .f o8 (cily. This well was
completow July L&, 1934, =nu on July 1, 1946 this well still wes

flowing =t the rete £ 35 Lo 40 burrels of 2il cnd 500 burrels of
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water deily. A well in the center of the NE} SwWk sec. 1, T. § N.,

R. 8 k., which was completea May 30, 1944, in the Gilcresse sasné et
a plug-teck depth of 3250 feet procucec initially <0 berrels of oil
deily by pumping. On July L, 1946, this well was not being produced.
0f passing interest is the productivity of = well coupleted November
26, 1945, in the SE} NE} NE} sec. 13, T. 10 N., R. 8 E., which pro-
gucec initielly 8-1/4 million cubic feet of gas from the Gileruese
send et cdepths between 3202-3250 feet. The rock pressure of this
well was recorded as being 866 pounds per squere inch.

0il is proGucce from the Olympic send by ges-expsnsion forces.
Most wells completea in this sernd produced initizlly large volumes
of ges with the 0il gna = few flowed naturelly for : short time after
completion. 1In the early operaticn of the tield, much gas was wasted
resulting in repic Geeline of totn the rate of procuction and the
pressure of the reserveoir. The losg of this reservoir energy led to
the exrly introcuction o pumping operations wien the wells ceased
tc fiow. In pumping operations, the wells usuzlly were connected to
pull-vods tnd juck-pumped from prne-whesel powers driven by gus engines.
A few wells vere operated by inaividuel pumping units.

Meny of the darillers' logs recort the prescence of sitlt water
initiclly in wells that penatrated the Qlympic sanc on the west, south,
tnd north flanks ot the fiela. In the errly development, the initial
rete of weter oroduction usuielly renzed from 15 to 80 brrrels weaily,
clthough one well weg reportea meking 200 berrels of wuter ner dey
initiclly., ¥or this rerson, meny wells in the western purt of the

fisla were completed origintlly by penetrcting only prort of the Olympic
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send. In the eorly forties, mtny of these wolls were deéopened enc

in e few places the wells were drilled so thet they completely pene-
tretea the sana. Generally no epprecicble increase in weter production
was noted after exposure of the lower pert of the sand in most of these
aeepened wells.

The wells clasgifiea as dry along the west, south, snd north
edges of the Olympic fiela ususlly were reported as exposing weters
beuring sezn¢ in the Clympic zone., However, a few drillers' logs did
not repert water in the Olympic send in wells otherwise known to be
dry. On the east side of the field, weter wes not reported initielly
on the drillers' logs. As prodGucing wells on the east slae of the
field heve not produced salt woter, it is believed not to be present
here as edge water.

In the southern part of the field, but generzlly clong the west
flenk of the sund body, water was found initially in many wells drilled
below a depth of 926-930 feet subseu-level. Most of these wells huve
produceu some selt water, but usually they have not shown apprecizble
increases in water production over the period of yesrs in which they
were proauced. In the northern part of the ficld, the top of the
Olympic swnd is founa in meny wells below & cepth of 926 i'ect subsea
end in meny of these wells with the exception of edge wells no appre-
cirble weter hes been procuced. Iin fuct, the electric log of a gus
well, complcted in the eerly part of 1946 in the Gilcresge sona in the
SE; NF} NB} sec. 13, T. 10 N., R. & E., recorus the top of the water-
bersring san¢ at « aepth of 1008 feet subses-level. The twin well to

this ges well wes completed Februcry 5, 1946, procucing from the
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olympic sana initiully at the rcte of 36 barrels of oil ena 360 berrels
of weter duily.

Accordingly, it ig sssumed that gas, oil, ana water ure separated
gravitationally in the Olympic sand, the gas being present mainly up-
dip anc the water being present on the west, north, and scuth flanks
of the field., However, there is no well-defined water level in the

Olympic send in this field.

Gesoline Extraction, Ges Injection, ana 0il Production

An sbsorption gesoline plant, still in operastion, waes constructed
in March 1936, to process tho iarge quentity of availeble gas produced
from the Olympic sand. 'The gasoline content of this gas cn the besis
of deterwminatious mecs in the field by the compression method rarged
from 0.4 to 2.6 gallons of gesoline per 1,000 cubic fect. The ges is
absorvec in mineral seai oil at the sbsorption plent, and this en-
riched o1l iz trensportea to the aistillation plant a2t Cromwell,
Oklahoma, through & loop delivery systan. The gagoline is recovered
enc¢ the residue gas is returnec to the Olympic ficld. The d-single
stage compressors at the absorption plant apply vecuum equivalent to
10 inches of mercury to the gathering system. In 1937, the ges
gathering systun wug extendea to msny leaseholds in the northern part
of the fielu in orcer to utilize :most of the gas producecd in the
ficla. A portion of this gas is purchused by &£ utility company &na

the remaining ges is injecteu inte the Clympic scnd by mezns of the
gus-injection systan. In August 19737, two 165-horsepower compressors
were added to the plant instellation, and thess were uscd to deliver
ges at & pressurc of 500 pounds per sguere inch to the gus line of a

utility compeny anG to the gus-injection system in the field.



Since the inception of gas-injection operations in fugust 1937
to July 1, 1946, the gas-injection system has injected 12.0 percent
of the ges producea in the fiela from the Olympic send. This gas
was injectea through s system comprising eight gas-irput wells irres-
ularly spacec throughout the field. This system of gas injection
coverca an area comprising 870 acres by leaseholds. Specifically,
most g¢s has been injected intoc the Olympic sand in the southern
pert of the field. In essence, the ges-injection systum acted &s a
aisposal system for excess residuc gas. The response to the injec-
tion of gas was & retaruing effect on the decline of reservoir
pressure and &n increaseé in the rate of oil proaucticm. The injec-
tion of 2,183, 397,00C cubic fect of gas has resultec in the reclems-
tion of an estimated 212,000 barrels of edcitionel oil to July 1,
1946, which is equivalent to an additiongl recovery over normal oil
proauction cf 244 barrels per acre. 0il production ettributea to
repressuring in proportion to the totel oil proauction is nfvertheless
scanty, smounting to only 1.6 percent of the oil produced from the
Olympic send.

0il procuction from the Olympic swnd to Juiy 1, 1946, amounted
to 12,990,000 burrels, whercas, the Olympic fielw produced 13,202,994
barrels to July 1, 1946, from all producing horizons. The volume of
0il procuccd from 3,423 productivc acres of Olympic sand asggregeatzd
3,795 barrels per czcre to July 1, 19456. Tho better preoducing
leaseholds have yiclaea &s much as 8,782 berrcls of oil per acre
from the Clympic sand, &nd 20.5 percent of the productive zcres

have yieldea 4,000 to S,OOO bsrrels cof oil per ccrc. The best
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proaucing leaseholds arc in sec. 1, T. 9 N., R. 8 E., and sec., 25,
T, 10 N., R. 8 E., in esreas where the Olympic sand attains its
maxizum thickness.

The proauctive life of the wells procucing from the Olympic sand
is influencea by the inherent conuditions of the lenticular type of
send boay. Iu arcvas where the sand atteins its best productive char-
acteristics, the wells on July 1, 1946, still were proaucing. At
that time 287 oil welle were producing in the field and of these wells
286 were proaucing frem the Olympic sand by pumping. Also, 15 lecse-
holds which haa prouucea 215,187 darrels of oil from 25 oil wells had
been ebanuoned. In sreas where the sana body is thin, especially
along the fl:anks of the Olympic ssnd, many wells heve long becn plugged
and abendoned. Many of the wells in the field have produced a smell
volume of weter, but in genersl the Olympic sanda has not produced much
weter,

0il proauction from the QOlympic sand for the period Jenuary 1,
1946 to July 1, 16946, averagcG 841 barrcls of oil d=ily, or 2.9 barrcls
of o0il deily ner well. Estimatec water procuction from the fiela dur-
ing the seme periou was aubout 40U barrels daily. This water is injected
into zoneg asbove the Olympic sand in this field through seven watear-

aisposcl wells,

GEOGRAPHY

Topogriphy, Dreinsge, end Culture

The terrcin of the Clympic ficla for the most part is e featureless
plain with the exccption of the southern part where the topograiphy is

broken by hills end gullies. Y¥rom the north the surfece slopes gently
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towerd Little Wewoke Creek, & strean flowing southeastward zerosc the
southern part of the field, From Beld Mountein, & prominent fenture
of the hilly country in the scuth, the surfuce of the field slogpes
gererally vrortheastwzrd to the aforementionea streesm, The altitudes
of the field renge from about 1,000 fe-t to 775 feet above sea level,
or & maximum relief of approximately 225 fect.

Little Wewoka Creek, the principzi strean 2reining the Olympic
fiela, heads about 4 wiles west and flows ecross the fieiu goutheast-
ward to its junction with Vewoka Creek, & tributary of the North
Canadien River. The North Canedian River is the principal streem in
this generasl ares end at ite nesrest point is about 2-3/4 miies
northeast of the fiela.

The Clympic fiela is isoletea from the communities and business
centers of this district. The smzll community of Zearden on State
Highway 56 is about half & mile esst of the northern limits of the
field. The fielu is not airectly accessible by mocdern paved highways,
but it cen be reac: .a from this type of highway by means of & system
of graded rotds. The town of Okemah on U. S. Highway 62 lies ebout
€ miles northezst of the field. From herv the fiela cazn be resched
by meane of State Highway 56, via the towns of Bearden or Cromwell,
and by use of branching rcuus.

Ferming in this ¢rec is of little economic importence ana this

pursuit is practicca in only & smull way in the lowleands.

GEOLOGY

Surface Stratigraphy

The surfece rocks ot the Olympic field ere classified as the

Francis und Seminole formeations of the Missouri series of
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Pennsylvanian age. Over most of the Olympic field the surfrce beds
consist of interbedded blue and tlack shales, sendstones, and thin
beas of limestone which constitute the Francis formation. However,
in the southern part of the Olympic field, the exposed rocks arc of
the Semincle fomation which here, in the fcim of conglomerate con-
sisting of white chert in a brown matrix succeeded by sandstones

snd sheleg, constitutes the surface strata _/. Accoraing to lillara
2/ the Seminole formetion includcs members thet are interpreted to bte
equivelent to the Jones sand rnd the Cleveland send which are prcduc-

tive of oil neer Clevelena, Oklehoms.

Subsurfece Strovigrephy

Much of the informetion in this revort concerning ithe subsurfeoce
stretigrephy of the Olympic field has been obtained from earlier
reports in which it hes been discusseu in detail by Tillotson 6/,
Dillara 7/, and Lott 8/.

Because most oil wells in the Olympic field were drilled with
rotary tools and it was the genersl proceture to obtaiﬁ sunples of

cnly those formttions bolow 1,000 reet in cepth, little information

4/ Goulu, Charles N., Inucvx to the Streztigrsphy of Oklahoma:

Oklahoma Geol. Survey Bull. 35, p. 48, 1925,

jy Dillard, W. Reesc, Olympic Pool, Hughes end Okfuskee Counties,
Oklechome: Stretigrephic Type 0il Fields, Am. Assoc. Petrolcoun
Geolngists Symposium, p. 458, 1941,

6/ Tillotson, Alicn W., Olympic Pool, Hughes ead Okfuskee Counties,
Oklchome: 1. Assoc. Petroluum Geologists Bull., 11, vol. 22,
pp. 1580-1581, Nov:zmbur 19238,

7/ Tdcm

&8/ DLott, Robert H., Regional Strutigrephy of the Micé-Continent:

Fn. Assoc, Potroleum Guologists Bull., 9, vol, 25, September 1941.
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jg available for the subsurface beus above the Wetumka formation
except where such date were ovtained in o few wells., A fow wells
that were crille¢ te thoe Olympic zone by the cablce-tool method neve
yieldea goou samples arna seversl deep welle drilled to the Wilcox
sona of Ordivician age have been loggeu electricelly. From these
data Tillotson 2/ hes corrcletec subsurface rocks in this field end
special cttention hes Leon given to tihe correlation of horizons
botween the Colvin formation of Pennsylvenian age end the Wilcox
senGstone of Ordivicisn age. So fer os it cun be ascertcincu, the
thickness of the Pennsgyivenien beus above the Olympic sesnd renge
Trom 1633 fset to 1920 fect, where:rs Pennsylveniun sand Ordivician
rocks heving & totel thickness of ebout 4350 fect hove been recorced
in the deepcst well so far crillecd in this fiela. The stretigraphy
of the surfuce it subsurface rocks of Pennsylvenien end Oruivician
ege which have been ariller in this field zre shown on the nccompany-
ing stratigrephic section of the Olymnpic field. (See pl. 6).

The Senora Fformation is the most importent of the subsurfrce
formations in the Olympic ficlc or zccount of the pro.uction of
petroleum from its wost prominent member, the so-ccllea Olympic ewnd,
Stretigruphicclly, the Senorz formstion underlics the Culvin sand-
stone which in this ficlu also has procucec some oil and gzs from one
of its two persistent bcus of sirustone. The Olympic scna is sbout
150 feet pelow the top of the Scnort formetion which in its uppermost

o

prrt is cowpesew chiefly of shole intersperses in placzs with beds of

9/ Personal communicetion
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ngndstone gna sendy shcle. A thin bed of limestone, believeu to be
equivelent to the Veruigris limestore, occurs in places in the upper

pert of the shule at the top of the Senors formation.

Stratigrephically the well known Henryetta coal, which here is

about 2 fect thick, underlies the shale beus. t shows markeu per-

sistence ena is recorueu in most logs of wells dMlled in this field.

Owing to its persistence wnd the fzct thet in places whers it is in

contect with or is founc neur the Olympic zone, the cosl hes been

used not only as & structursl merker, but hes been usea to predict the

depth of thc Olympic saru in arilling operatisns. The Olympic sand

which is founc below the Henrycttis cosl is ciscussec in Getail else-

where in the text relotive to the g nd body study. The Olympic sand

is uncuerlzin by Lluck shele, oanc this shule in turn overlies the

Senore. limestone, © persistent beu of limestone nbout 10 fect thick

which is un excellent rigional stratigraphic m:rker. This limestene

is ofterntimes pluceG correlatively on the top of Stucrt formution. thuﬁVFru
However, it is consiuerec herein anc in the other reports as %ggggf”fn )
buscl mewber of the Sunors Tformetion. ; ’

U5

‘\\_/\\FV

The strike of the surface strate in the Olympic fielu indicites

Struciure

& nortihcest trenving monocline which «ips g'ntly northwest, end the
genetul rete of oip is wbout 100 foet per mile or less. The eliegn-
ment of the subsurfuce becs of Pennsylvenien ege is similer to that
of the fomnrtions creuping out in this gres for tlie strike end dip

of the surface et subsurfuce strate sre neerly equivelent. The

giologic structure of the top of the Henrvette coel in the Olympic
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fiela 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 amall areas by
geveral anticlinal noses and synclines.

Structurel interruptions to the normsl dip a&s shown by the
structure of the Henryctta coal on plate 7, include two small anti-
clinal noses one of which trends southwest from sec. 30, T. 10 N.,
R. 9 E., &nd the other or main anticlinal nose trenaing south in
secs. 1 and 12, T. 9 N., R. 8 E. These locel structural features
are depicted on the north-south cross secticn (see pl. 8) trendiﬁg
ncrthesst with the strike of the field. Incidentally, there sppecrs
to be relation between the geologic structure of the top of the
Olympic sund in places where structurel anticlines :re present (see
pl. 9) =na the thickness of the sandé as shown by the Isopachous map
on plate 10. In aduition, the structurel syncline depicted on the
geologic subsurface map of the Henryette coszl is reprcsentea by &
belt of thin sand extending trensversely across the field in sec. 36,
T. 10 N., R. 8 k., &nd sec, 31, T. 10 N., R. 9 E. In the northern
part of the field, the structurzl features of the lienryetta coel in
general show no relctionship to varistions in thickness of the
underlying Clympic send boay.

Although there is striking similerity between the subsurface
structure of the Henryctte coel and the structure of the top of the
Olympic sand, ectually'the structure of the sena shows less continuity

thun aoes that of the coal, sna it exhibits many irregulerities which



are cheracteristic of sand bar ueposits. Stratvigrephiceally, the
renryetta cozl lies above the Dlympic sand ana in airect contact
with it in = few places ir the central pert of the field. FHowever,
aown-dip westwara, the interval between the top of the Henryetta coel
end the top of the Olympic send becomes grester and in places this
interval ic as much as 25 feet. The sand is lenticulur end pinches
out abruptly on the east bounds of the field, but it diminiches
groaueliy in thickness on the west mergin of the fisld, Where the
Olympic secna is thick the dip of the structure is very gentle. On
the other huna, the dip is far grecter on the flanks of the sana Loy,
cnd it is morc abrupt on the wcast side of the field. Depositioncl
"highs" comprising snell sress of closurc on toy of the Olympic sznd
gener:lly src elongeted parellel to the northeast strike of the
subsurface strata. (Se¢ pl. 9).

The interruption of the normz) northeust strike of the subsur-
foce structure as depicted on the structure mep of the Henryetta
corzl (see¢ pl. 7) indicates the possible presence of a fsult across
the southern part of secs. 17 =snd 18, T. lO.N., R. 9 E., in the
rorthern psrt of this ficld, The geologic mep of Oklahoma compilcd
by Miser ;9/ shows frulting of the surfuce strats st two placas in
the northern part of the Olympic field. One fazult is in the SK: SW;
sce. 17, T. 10 N,, R. 9 E., trencing northwest across tha fizld to
the NF} Nw} sec. 18, T. 10 N., R, 9 E., and & second fuult occurs in
the SWt sec. 19, T. 10 N., R. 9 E., its feult plane trending northwest.

Here, the normal strike of the sutsurface structure 5f the Henryette

10/ Miser, Hugh D., Geologic ¥up of Oklehoma: U. 5. Geol. Survey,
1926,
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 coal (se¢ pl. 7) is inrterrupted slightly, but the evidence of feult-
ing is not cocaclusive zs to the presence of fsulting of the
Pernsylvenien strote in this part of the fiela. In sce. 18, T. 10 N.,
R. 9 E., the normel regional daip of the Henryotta coel changes from
northwest to north (see¢ pl. 7). At this place the veriation in the
aip of the Henryette coul supports other evicence of the possibility
of a feault in the fomations of Fennsylvanian age with a plene trend-
ing northwest scross the Olympic fielu., Generclly, the subsurfeco
structure of the top of the Henryette cozl sna the subsurfece
atructure of the top of the Olympic scnd are similar. However,

these structurcs ciffer in meny pleces in the Olympic fiela becnuse
of thc presence of e )l cowes on the top of the Olywpic send.

(See: pl. 9).

Frouwuctive Horizons and Non-Frowuctive Horizons

0il =nu gas have been procucea commercially from five fermations
in the Olympic field. The Olympic senc, which in this fisld is a
lenticular member in the Senora formation, occurs at depths ranging
fr@n 1633 fect in the southern part of the fiela to 1920 feet in the
northern part. It has been the most prolific prowicing zone of &ll
the productive horizons which hsve bheen exploited. Other formations
occurring above tnu below the Olympic senu have produced some oil
cnda of these formuations the Creomwell sand nas been the most productive.
The Calvin formation is the shellowest of the procucing forme-

ticns in the Olympic field. It contsins two promincnt sanustone
members, the lower of which ig the most persistent. This member

occurs sbout 200 feet above the top of the Olympic scenc at cbout



?1450 feet in aepth. It has produced oil ana gas in a few wells in
fhe southern part of the field. Other wells in the same part of the
field have founG the Cslvin sand to be proauctive of gas only. The
most prolific of the gas wells produced 4,800,000 cubic feet of gss
per day initially from the Calvin senc at depths of 1446 to 1483 feet.

The Gilcrease sandstone is found below the Olympic sand and it
occurs at & 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 procuced &€,300,00C cubic feet of gas per day
initielly end no oil from thc Gilcrease sanc after the cesing had

been perforatcd between depths 3198 feet wnd 3217 fect. In the south-
ern pert of the field, & well in sec. 1, T. 9 N., R. 8 E., drilled to
the Hunton limestone proved the formation to be barren of oil snd ges.
The well wes pluggea back to the Gilcrease send and this zone wes
tested for oil production on the basis of an oil show observed during
dri’ling operations. After completion the well produced initielly 20
barrels of oil daily from the Gilcriosse sznd. 0il production de-
clined rapialy thereefter and only & smell quantity of oil was
produced from this well during its productive life.

With the exception of the Olympic sand, the Cromwell s=znd, ag
mentioned previously, has been the most productive formztion in this
field. The first well that was completeu in thc Olympic field in
July 1934, in NW}; Nw} sec. 12, T. 9 N., R. 8 E., found commercial oil
proauction in the Cromwell scnG at cepthz between 3425 feet and 3474
feet. This well, which ﬁroauced by flowing at the rate of 25 barrels

of o0il hourly during a 2-hour testing period, also procuced 40 million
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Sic feet of ges deily. On July 1, 1946, this well still was flowing
;van estimated productivity rate of 38 to 40 barrels of oil daily.

0il end gas were produced from the Cromwell sana for a short

n‘gme by a well drilled in the SW} NE} NW} sec. 12, T. 9 N., R. 8 E.

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

‘firét 24 hours and 25 barrels of oil daily, and the initicl rock pres-
gure of the proauctive Cromwell sand between the depths 3448-3472 fect
was 700 pounds per squarc inch. This well produced oil enc¢ gas in the
period, December 8, 1934 to August 5, 1937. At the later date it was
deepened to the Hunton limestone and drilling operations were com-
pleted in the Hunton on Octotur 26, 1937. This well procuced
initielly 15 million cubic feet of gas per 2.4 hours together with a
smell volume of high grevity oil from the Hunton limestone found at
depths renging from 4020-4041 fecet. After procucing for a short time
from the Hunton limestone the well craterea enc it wzs then plugged
and abendoned.

A few wells were drillec to the Wilcox senastone in the Olympic
field to test the procuctiveness of this zone. It wes provec to be
berren of 0il and ges, but procucct weter in 211 wells testing this
zone. Two test wells were cdrillea in secs. 2 anc 12, T. 9 N., R. 8 E.,
to totzl aepths of 4279 feet end 4359 fect, respectively. Severcl
wells that were arilled outsice the limits of the field were reported

ag being "ary" in the Wilcox sendstone.

RESERVOIR PERFORMANCE

0il =nd Gas Procuction

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

is clessifiea as & fielu procucing by gas expansion forces. After
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barrels of oil. Since 1937, the yearly oil production from the
Olympic sand hes declined steadily reaching a productivity rete

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

of produrtion renged from 57.2 percent per yesr in the first year
after the pesk of production was attained to 10.0 percent yesrly
in 1945. What is more to the point is the fact that the Olympic
sand has proauced 12,989,817 barrcls of oil since the discovery of
its commercial possibilities in July 1935 to July 1, 1946. OfFf this
volume of o0il, en estimatecd 128,000 barrels has been produccd by
deepening of wells, asna an estimeted 212,000 barrels has been re-
claimed by the application of gas-injection practices. The appor-
tionment of this oil production attributed to decpening of wells
and gas-injection practices and its rate of dccline is shown on
the graph (pl. 11).

Normal 0Q0il Proauction.

Since the discovery of commercizal oil production in the Clympic
sand in July 1935 to July 1, 1946, the field hes, by normal methods
of operation, prouucecda 12,777,378 barrcls of oil from this main
procucing zone. This volumc of 0il is equivelent to 98.4 percent
of all o0il that the olwwpic sana has produced. As the Olympic sand

coaprises 3,423 productive ecres in this field, the averege oil
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E@very from the sand by nomal methods of operation to July 1,
giggb, amounts to 3,733 barrels per escre. For the purpose of this
3

. paport, the normsal proauction is definca as &ll oil produced by

§

iprimary methods of operstion inclucing also the oil produced by
idgepming of wells and remedial work.

The volume of 0il produced per acre from the Qlympic sand by
normel operating methods (see pl. 12) &and the distribution of the
tracts yielding this oil indicate thet the producing characteristics
of the sand are better aeveloped in the southern pert of the field.
Generally, tracts in the 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 leascholds hsve shown sub-
stantizl o0il proauction. The leaseholds having produced the most
oil per ecre ere in sec. 1, T. 9 N., R. 8 E., &nd sec. 25, T. 10 N,,
R. 8 E., in the southern and central parts of the field. They com-
prise a totel of 270 acres, which is 7.8 percent of €ll productive
acreege in the field, The leaseholds comprising this area are
classifiea in the group constituting the bracket of grestest oil
production which here ranges from 7,000 to 9,000 berrels of oil per
acre. The best property, however, in sec. 25, T. 10 N., R. 8 E.,
procuced 8,787 barrels per zcre to July 1, 1946, by normal ouersting
methods. More intecresting is the fact that lerseholds comprising
730 productive scres, 2r 21.3 percent of the totsl procductive acreeage,
have producca 4,000 to 5,000 barrele per acre to July 1, 1946. Where

the thickness of the Olymﬁic sand decreases as on the flenks of the

sena bocdy the volume of oil procucca per acre usuzlly has been the



,ff, It is to be emphasized, however, that 2,482 productive ecres,

872, 5 percent of sll procuctive Olympic send in this field yielaed

;fffr 2,500 berrels per &cre by normel methods of operetion to July 1,

In August 1937, gus wes injected intoc the Olympic sand in en
siatfort to stimulete the proauction of oil and to aispose of the

3rasiaue ges remeining after extrocction of the gesoline content from

“the ges which was producea with the oil. The resicue gas returned

ftb the reserveir has been instrumentsl in retaraing decline of not
éfonly 0il production, but alsc the static pressure of the reservoir.
J.Tb July 1, 1946, the injection of 2,183,397,000 cubic fect of gas,
r'uhich is equivalent to 12.0 percent of the cumiletive ges procuced
| from the Olympic send, has reclaimea an adcitional'volumc of o0il
emounting to en estimatea 212,000 barrels. As the aree covering
the ges-injection projects comprises 870 acres (see pl. 13), the
0il recovery attributea to ges-injection operetions aversages 244
berrels per acre. (See pl. 14).

Ges injection operations have been concentrcted meinly in the
erea incluced in T. 9 N., R. 8 E., in the southern part of the field,
although some ges has been injected into the Olympic scnd in sec, 19,
T. 10 N., R. 9 E., in the northern part of the fiecld. In the south-
ern part of the fielc in gec. 1, T. 9 N,, R. 8 E., gas injection has
contributec tc the reclametion cof wvdcitionel oil rcnging from 600 to
80C berrels of oil per acre on the property showing the best response

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

?ﬁfﬁarrels per acre fcr the arec embodying the lecsehold. Unfortun-

%f'gly, the production recorc of inaivicual wells wes not availeble
éijf this report and response te gas injection was attributed to the
 :it1re leasehold. Obviously, the effects of gas injection in many
;siaces, covered an area less thon en entire lezsehola. Consequently,
. the 0il recoverca per acre from each leeseholdé by the injection of
:gps would be necesserily greater because of smeller productive ares.
ﬁlith the excecption of the input well in the NW} SEX SW: sec. 12,
ET. 9 N., R. 8 E., all input wells heve becn injecting residue gas
;from the Olympic send. In this well the cesing hes been perforeted
‘oppOSite the Calvin send and the ges producea from this zore is
injecteu intc the Olympic sena at the pressure existing in the Celvin
‘formetion. The response to this ges injection operetion which wes
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 g3 injecteu intc the Olympic send has been &
small volumc of the gos prouucec from this formation. The volume
of gas introduced into the sana in 1938 wes equivalent to 4.0 percent
of the gas proauction. The injecction rate since 1938 has besn in-
creesed, so thaet for the first six months of 1946, the ges injected
into” the Olygpic sznd wcs equivalent to 41.4 percent of cll goas
proauceu from thet send. The history of gas injection operesticns in

reletion to incerezscu oil- production from the Olympic sand is shovn

on the greph. (See pl. 15). Of particular interest is the fcet that
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ce the inception of gas-injection operations in August 1937, to

y 1, 1946, the volunme of gas requirec t» procuce en adcitional

‘that wes recoverca, This volume wes recuced to 7,900 cubic feet of
;gas for ecch barrel of edcitional oil recovered curing the first six
months of 1946. Incicentelly, the gquantity of oil produced curing
tne first 6 nmonthe of 1946 by gas-injection operations wes estimated
to be 17,300 barrels.

0il end Ges Procuction wnu Gas Injection in Repressurcd Aree.

Specific date concerning the leaseholds constituting the arec
effectcu by the cpplicrntion of gas-injection operations reveal the
efficiency of this methou of operation when viewed comprehensively.
These actr presented on the accompanying graph (see pl. 16) show thet
this ares hes prouuced 4,279 berrels of 0il from the Olympic sena by
normel operation. Also, it has proauced by gas injection an adci-
tionel 244 berrels f cil per acre, making the totel recovery 4,523
baerrels of oil per scre to July 1, 1946, for the gas-injection project.
In operctions covering the tirst six months of 1946, these properties
precueuced 230 burrels of 2il deily by normel operations, end 96 barrels
of oil caily by gus-injection operations, or a totel of 326 barrels of
0il ceily curing this periou.

To July 1, 1946, cunulative ges procuction from the Olympic send
enounted to 6,485,160,000 cubic feet anc cumulative net gas was
4,301,763,000 cubic féet of gas ror the whole o1 the gas-repressurzd

erea. Guas injection since August 1937, at pressures renging from 275

3
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170 pounds per s- -re inch, amounted to 2,183,397,000 cubic feet

if;gag, This volume is equivealent to 33,7 percent of «ll ges pro-
>.3 390 on these leasecholas. During the period Jenusry 1, 1946 to

;J‘Ty 1, 1946, gas wes being injected into the senc at the rate of
i;bdut 755,448 cubic feet ceily, which was equivalent to 79.1 percent
?;f the totel gas produced Gaily from the leezseholds. Of intercst is
Ethe fect thet since the inception of gas-injection operations, 10,300
cubic feet of injecteu gas has been requireu 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 en oil property. Further-
more, it is often inuicative of such physical characteristics of the
send as perme&bility, presence of ges s:nd, and other cheracteristics
of the formetion. For instence, the cumulative ges--il ratio in the
area of gas injection was 1,648 cubic feet uf gus per barrel of oil
end the net cumuletiv. gas-oil retio amounted to 1,093 cubic feet per
barrel to July 1, 1946. It is to be assumed from these data that in
generel ges injection is controlled znd little by-passing hes occurred.
However, in the first 6 months of 1946, the average ge.s-oil retio in
the repressurea area was 2,928 cubic feet per berrel of oil, whereas,
the net gas-oil retio gveraged 611 cubic feet per berrel. The lurge
variations betwsen gross gas-oil ratio =nG net ges-oil ratio for this
area during the fi?st 6 months of 1946 indicetes lower opercting
efficiency ena no coubt to some extent by-pessing of ges through the
g4s suna in the gés-injection arec. Grenting that the gross ges-oil

ratio has increcsed to a relatively high velue in 1946, it has,



Flhowever, shown little chenge since 1943. At that time the gross

;iaa-oil ratio for wells producing from the Olympic sand in this area
?gieraged 2,992 cubic feet of gas per barrel of oil produced.

f511 Produced by Normal and Gas-Injection 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-
:1njection 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 nave prcduced 213,177 barrels of which the
Cromwell send has yiclded the greatest volume. A rccapitulation of
0il produced from the Olympic sand in the Olympic field to July 1,
1946, is given in table 1.

Table 1

0il proauced by normal and gas-injection methods of operations
to July 1, 1946, in the Olympic field, Oklahoma

3 0il proauced to July 1, 1946,
:Produc-: from the Olympic sand
Operating phase: tive : : § :Percent of

racres :Bbl.per: Bbl.per : ‘totsl

: 3 Bbl. : acre :acre-foot:production
Normsal 3,423 12,777,378 3,733 113.5 98. 4
Ges-injection 870 212,439 244, 6.8 1.6

Normal &nd
ges-injection 3,423 12,989,817 3,795 115.4 100.0

Notwithstanaing the fact that most oil was produceda from the
Olympic send in the southern part end the central part of the field

by normel &nd gss-injection methods of operation, & 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, rcspectively, to July 1, 1946. The apportionment
of the oil procuction and the distribution of this prcduction by
tracts in the Olympic field is shown on the mep (pl. 17). Here, it
is to be noted that generally the oil production in the northern
part of the field has been less then that in the southsrn part of
the fiela. Furthermore, that leeseholds producing on the flanks of
the sand body have produced less oil per acre than have leaseholds
producing from the thicker section of Olympic sznd.

0il Proauced by el Horizons

The cumilative 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 barrcls. Of this volume of
0il the Olympic send has produced 98.4 percent, or 12,989,817 ber-
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 zmount it is estimated that the Cromwell s:nd has
produced 209,338 berrels to July 1, 1946.

The greatest recovery in the field is attributed to a lease-
hold in the NW} NW} sec. 12, T. 9 N., R. 8 E., where recovery to
July 1, 1946, wes 10,498 berrels per acre. This leeszhold produces
from the Olympic and Cromwell sends end the oil production to July 1,
1946, was 5,491 end 5,007 barrels per acre from the respective sands.

Referring to the proauction map (see pl. 18), it will be observed
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<
E;hét the tracts of greatest recovery, which comprise 120 acres or
73,5 percent of the total acreesge, have produced from 8,000 to

10,000 barrels of oil per acre, snd that 56,8 percent of all acreage

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

Ultimate 0il Production

Ultimate oil production from the Olympic sand, including pest
proauction to July 1, 1946, wnd future estimated production by
present opercting methods, continued to an cconomic limit of 1.5
berrels of oil production per well per dzy, is estimected to be
14,380,000 barrels, or 4,200 barrels of oil per procuctive acre,
This estimate is bmsea on the theoretical premise that the present
operating methods will be continued to the 1.5 barrel economic
limit, cne that all wells on gpecific trects will cease to proauce
concurrently at this economic limit. Generally, such conditions do
not occur. Actuelly, oil wells resch their lower limits of profit-
able production irregularly end are accordingly plugged and
abendoned, thus reaucing opereting expenses of the leeschola. It
may thereforc reasonably be assumea thet if current operzting
metnods were continued, the ultimate oil production from the Olympic
send would exceed the aforementioned figur: of estimated ultimete
production. Accoraingly, for the purposes of this report it is
estimated that a continuction of present methods would recover,
after July 1, 1946, from &ll producing horizons, en estimated
1,450,000 barrclg, or an ultimete oil procuction from 211 horizons
of about 14,650,000 barrels., Upward revisions of the posted price

of crude oil will correspondingly result in larger monetery returns
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f from procGuction snd in lower economic limits of production. This
bvariable and others are important factors in estimating future oil
production by present methods and as & result such estimztes must

be regerded as largoly hypotheticel,

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 woulG not be unusual on the more prolific lease-
holds. It is estimated that the most procuctive leasehold, S§ Nwi
sec. 1, T. 9 N., R. 8 E., will recover about 9,584 barrels per acre.
The distribution end megnitude of oil recovery from this tract end
other tructs is shown on the map. (See pl. 19). It will be noted
that 2,602 ceres, or 76.0 percént of &ll productive acreage, will
in €11 probsbility heve en ultimete recovery exceeding 2,500
berrels of oil per acre from the Olympic send.

Ges Production and Gas-0il. Ratio

Gas proauced auring the period July 1935 to July 1, 1946, by
wells proaucing from the Olympic send is estﬁmatéd to be
18,247,065,000 cubic feet. In 1337, gas production from the Olympic
sand attained its penk smounting to 4,508,047,000 cubic feet. After
1937 ges production declined rapidly ana in the first 6 months of
1946 gus 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 ges prouuction from
the Olympic zone will be of the o?der of 25,400,000,000 cubic feet.

Net gas procuced-in the,ficld from thec Olympic sand, or gross

gas proauction less the volume of gas thaet was injected into the

42


https://proauced.in

SHOWING

GRAPHS

OIL AND GAS PRODUCTION

AND
GAS INJECTION HISTORY

-

HUGHES AND OKFUSKEE COUNTIES, OKLAHOMA

OF THE OLYMPIC SAND

JLYMPIC FIELD,

— 34¥V8 ¥3d 1334 018ND —
SOILVY T10—SV9 13N OGNV
a30naoyd 3AILVINKNND

— T3YY¥VE ¥3d 1334 218Nd —
SOILVY T10—SV9 13N ANV
a30NA0Y¥d 3OVHIAV ATHVIA

o
m W o o m m m 3
- w o u a - o o
3 Li i — 1
1 1 L1 1AM
- 'R 2344
a bt
r 1 T 1
N
£ \
WA ) 1
2\ 8 4 am
3w t
\ 1 \ \
1 i H
I”M Py
‘o4 ! —
Iw_ : i3t
] 2 = ]
= L] i
i : _
{ A4 -
4N 1 - \ W
o
b
L
5 A! i) mEm
: ]
§ ]
\
N P Iz
- =
gt
|
s -
b it
== )
e
-
am
I _T
i HHHT :-ﬁrm
o L © 5 o
.Ahh.. Ve, » o w “ “ t °C 5 o

NIN—NOLLONGOYd IO SSOND >._¢<u>
5 s 4O W5 O SNOIVV I —

+BYD. ONY . NOILLONGONd - SV . ATNVIA

'37 '38 '39 40 ‘41 ‘42 43 44 ‘45 1948
YEAR

‘38

1935

e v v ——



eervoir to July 1, 1946, is estimated to be 16,063,668,000 cubic

;et. At the rate gas was proauced in the pericd January 1, 1946 to
.;uly 1, 1946, it is enticipated thaut the net gas production from the
“olympic send for 1946 will be less than 400,000,000 cubic foet.

b The cumulaiive gas-oil ratio, or ratio of gas procucyton to 0il
'production for the Olympic sand in this fielu to July 1, 1946, was
computed to be 1,405 cubic feet of gas per barrcl of oil procGuction.
(See pl. 21). 1In contrust to this, the gross gas-oil ratio in the
first six months of 1946, averaged 2,184 cubic feet of gus per barrel
of oil procucuG, On the other hund the gus-0il retios of specific
Jlecseholds were exceptionally high. For instence ges and oil were
being procuceu st & ratio of 10,525 cudic fezt of gns for each
berrvl of oil prouuction on & lessehold in seec. 1, T. 9 N., R. 8 E.,
in the arcee of ges cap prior to July 1, 1946. Most of the’ higher
gas-oil ratios are found to be in the area embrccing the southern
part of the field, and as to be cxpected generally are in the area
emboaying the zone of gas cap of the Olympic send.

To July 1, 1946, the cumulative net ges-oil ratio of the Olympic
sand for the fiele was calculated to be 1,237 cubic feet of gas per
barrel of oil procuced. This cumuletive net gas-oil ratin is shown
on the grcph (pl. 20). It is noteworthy that for the first six
months of operuation in 1946, the net gas-oil rotic of the Olympic

stn¢ wes only 1,286 cubic feet of gus per burrel of cil production.

0il Procuction ana Reserveir 0il

An anelysis of the productivity of the Olympic reservoir by

tracts wes essential to show not only the quontity of oil that wes
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oduced by variors phases of operation, but also to ascertain the

.;rodnctive characteristics of the sand body. It was thus possible
fto estimste from the basic duta the original oil content of the

.
i'igservoir and elso the resicual oil remaining in the Olympic sand
after withdrawal of the oil ana gas fluid. These oil production and
reservoir dats ere given in table 2.

Here, it is shown that of the estimeted 86,215,400 barrels of
initial oil in the Olympic seand, 12,989,817 varrels, or 15.1 percent,
was produced to July 1, 1946, or that of the average initial oil con-
‘tent of 25,187 barrels of oil per acre, 3,795 barrcls per acre were
produced to July 1, 1946. This recovery represents a quentity of oil
equivalent in volume to R.0 percent of the voids in the Olympic
reservoir. There rema%ns in the sand 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
0il represents an il content of the reservoir occupying 45.3 percent
of the voia spsce in the Olympic sand.

All o0il withdrewn from the Clympic sand reservoir is expressed
in terms of barrcls of oil run by common carriers furnishing outlets
from the field rather then the zctual barrels of oil that were pro-
duced Trom the Olympic sand. Prior to Februery 1941, the compenies
operating pipe lines usually deauctea from 2 te 3 percent from the
volumec of oil gaugea at the stock-tanks to allow for eveporation 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 applied for the variation from the actual volume of



611 that was produced in the fiela from the Olympic sana. In view of
f;he tolersnce permitted in estimating many of the factors pertaining
Ego the reservoir which enter into the computation of residusl reservoir
foil, it was considered appropriate to use actual o0il runs in appraising
?the residusl oil content of the Olympic roservoir.

It may be well to emphasize that if the ultimate oil proauction
from the Olympic send, estimatcd on the basis of continuing present
producing methods, is expressed in temas of original oil in plzce, this
recovery will be eguivelent to 16.7 percent of the initial reservoir
0il, or equivalent to 8.9 purcent of the total voids in the Olympic
"pay" zone,

In evelusting the proauctive chearacteristics of the Olympic sand
in thig field it sccmed advisable to classify the productive areas of
the send. Therefore, the Olympic sand boay was segregated into four
classes in accordance with its procuctive ability, and the distribution
end extent of the four classes arc shown on the map (see pl. 28) ac-
companying the text which describes the sena body. On this map the
various classes of proauctive send, renging from 1 to 4, repre¢sent the
respective arees cof best ena poorest sena body conditions as deter-
mined from . stuay of proauctivity churacteristics.

Tuble 3 shows the 0il procduction end reservoir dete for the various
clussus of send body. Here, it will bte noted that the productive send
degsigneted s cléss 1 anu class 2 is much more prouuctive with & yield
of 7,052 end 4,%81 burrils cf oil per acre, respectively., The area
embodying class 3 type of sena body is of less commercial velue &and

class 4 eres is of little or no commercizl -importsnce.
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011 production and reservoir data classified by producing charecteristics of the Olympic sand,
to July 1, 1946, in the Olympic field, Oklahoma

Productive Class of Sandbody 1/

Class 1 Class 2 Class Class

Productive acres in developed tIECES eeeeececcsccscescasacscns 460.0 1,772.0 911.0 280,0
Productive acres affected by Iepressuring c..ececececcccesccce 150.0 . 220,0 0.0
011 WOllS cecccecocncescrcsecrecnssenccscssssssssnsssescsssane 46 177 92 28
Oil-well density, acres Der WOll .ceccecececccccscsssscscancee 10,0 10.0 9. 10,0
Tormtion' thicknaos, L8OL seessssssvsnesesssinscinsesssee seeses 47.7 47.6 47. 39.5
Productive sand thickness, fe8t ..eececescrccnsscscoscssaccnss 359 33.2 33.1 24.7
Productive sand thickness of repressured area, £86t ..ceeeeo.. 41.8 33.7 36.5
Porosity (weighted average), percent Of bulk VOlUM® ..eceveses 20. 19.1 17.1 14.7
Interstitial water content, percent Of vOids .eicececcsccsanes 35.0 3.0 25.0 35.0
Formation vOlums fAOLOX scecccecccoscscscsccssosssccsccsscsace 1,22 1.22 1,22 1.22
Reservoir woid 81808, DL, sssassvssmsnsisss epasesssssssesaises 26,682,200 87,160,300 40,009,900 7'905'800
Reservoir void space, bbl, DO BOT® .eceeecsscscesccsssssssnee 58,005 ,188 gg, 19 28,228
Normal oil production to July 1, 1946, bbliececesccccccocccoce 3,194,370 7,451,302 1,982,890 148,816
Normal oil production to July 1, 1946, bbl. DPOr @CTe sccsecess 6,944 4,20 2,177 531
Normal oil production to July 1, 1946, bbl, per acre-£oot .... 193.4 126.7 65.8 21.5
011 produced by ges injection to July 1, 1946, bblececeeccnoss 49,4% 134.223 28,707
011 produced by ges injection to July 1, 1946, bbl.per acre... 330 269 130
01l produced by gas injection to July 1, 1946, bbl, per

BOYOSLO0T 0009090000008 80690 8000008606 000600060e0600e0000e0ses0 7.9 800 3.6
Total oil prodnced to July 1, 1946, Dbleeececsccecscocsccccsses 3,243,809 7.585,335 2,011,59 148,816
Total oil produced to July 1, 1946, bbl. per 8CT® ..cceessscee 7,052 ,201 2,20 531
Total oil produced to July 1, 1946, bbl. per acre-footeeecce.s 196.4 128.9 66.7 21.5
Initial reservoir oil as stock-tank 0il, bblesecesecsscssseses 14,221,600 46,456,100 21,325,000 4,212,700
Initial reservoir oil as stock-tank 0il, bbl., Der ACTe........ 30,917 26,217 23,408 15,045
Initial reservoir oil as stock-tank oil, bbl, per acre-foot.,. 1.2 788.7 707.2 609.1
01l prducd, percent of reservoir volds ..ceccscecececccccces 12,2 .7 5.0 1.9
011 pm\wd. percent of initial reservoir oll..:cecacveeccace 22.8 16.3 9-4 3-5
Residual reservoir oil as of July 1, 1946, Ybleseeccesscsvecss 10,977,791 38,870,505 19,313,403 4,063,8
Residual reservoir oil as of July 1, 1946, bbl.per acre....... 23,865 21, 21,200 14,514
Residual reservoir oil as of July 1, 1946, bbl.per acre-foot.. 664.8 0. 640.5 587.6
Residual oil saturation as of July 1, 1946, percent of voids., 4.1 44, 48.3 51,

1/ Represents classes of sand body depicted on plate 28



obviously, that part of the sana body epportioned to classes 1,

, and 3 shows the best possibility for the epplicetion of secondery

thods. In these .cspective classes the oil content of the send

!ivcrages 23,865 berrels per scre, <1,936 barrels per acre, and 21,200
gbarrels per acre. Notwithstanding the fact thaut the sand body in

cless 3 eppears to show reserves of oil favoreble to secondery devclop-
ment, it would be morc prudent to &ppreuise meny lesscholds in the class
3 type as marginal properties for water-flooaing development at & price
of oil spproximutirg $1.60 per barrel for this field on July 1, 1946.
Fowever, a few properties in this ¢ ass probably coula be exploited
profitebly &t this price, anc en increuse in the price of crude would
meke exploitation of edditional class 3 properties economicelly fees-
ible. The leeseholds embouying the sand body clegsified as type 4

have no future secondery possibilities under known proccdures because
in these areas such cherecteristics of the Olympic send es porosity

and permeability incicate poor conauctivity and low recovery, even
though the o0il seturation is zpperently high.

The estimation of the 0il eontent of the Olympic sand involved
certein cata which could not be cdetermined precisely for this reser-
voir. The datc as used, however, cppear to be consistent with reser-
voir conditions enc to be conservative in velue. Fer this reeson, the
residual oil content of the sena body which is clessified cs 1 and 2,
tne which in this report is evaluated a&s 41.1 percent anc 44.6 percent
of the pore space in the ssnd, should be considered as conservative.

In Geriving the volume of resicuel cil in the stnd, the computa-

tion includeud &n estimeted interstiticl water content of 35 percent of
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", pore space, &nd an estimetead formation volume facter of 1.22.

'sufficient data based on actuasl determinations of these factors were

‘not aveilable, but the values are enalogous to those of similar reser-
E;o;rs and are believed to be applicable to the Olympic reservoir.

' The dist-ibution 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 clessified areas on July 1, 1946, relative to performance
of the Olympic reservoir

: Productive : 3
;/ 5 acres, 3 Wells, :
Class : percent of : percent of :0il produced tc July 1, 1946,

total acres : total wells :percent of total production

1 13.4 13.4 25.0
2 51.8 51.6 58.4
3 26.6 26.3 15.5
4 8.2 8.2 1.1

1/ Class of send body depicted on plate 28.

Reservoir Charecteristics and Behavior

The oil inaustry is =zcopting the funcamentsl hydrodynemic and
physicel principles controlling the movement of hydrocarbons in
reservoirs to probtlems of prcducticn and to problems involving esti-
mation of 0il and ges rescrves. These principles cen be applied to
the performence of the Olympic reservoir in the Olympic field.
Unfortunately, very few of the rcgquirea physicel date relatirg to

thesc principles were recorded when the field was discovered, or were
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ftgrmined during the early period cf production. Such characteristics
bf the fluid as the solubility of gas in the oil, shrinkage of the oil
<

;nd gas phase, and ebsolute viscosity of the oil--all of which are

kjjunctions of the reservoir pressure, were not measured. In adaition
f:;o 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 l&/, also Musket sna Teylor ;g/, heve furnished data concerning
the behavior of hyaroearbons at reservoir-temperatures and pressures
which appear applicable to reservoir-concitions of the Olympic sand.

Original Reservoir Pressure

Earlier in this report it was mentioneu that the Olympic field
is classified as & type reservoir produced by gas c¢xpansion. In this
field, no initial subsurface pressures were dGetermiried by meens of
subsurfacc pressure equiwment. As the productivity of a well is &
function of reservoir pressure, the high initisl proauctivity of meny
wells inaicates that the reservoir-pressure of the Olympic sand would
be eguivelent to the hydrostatic heed of & well producing from a sand
at spproximately 1800 fect in depth. An initial rock pressure of 732
pounds per square inch teken at the casing-head was reported on an oil

well in the SWk SW} SE: sec. 12, T. 9 N., R. 8 E. This well was

;}/ Beal, Carlton, e Viscosity of Air, Water, Natural Gas, Crude
0il and Its Associcted Gesecs at 0il Field Temperatures and
Pressures: Am. Inst. Min. Met. Eng. Trans., Tech., Pub. No. 2018,
vol. 9, No. 2, pp. 1-22, March 1946.

12/ Musket, Morris, wnd Taylor, M. 0., Effect of the Crude Gravity on
the Perfomence of Gas Lrive Reservoirs: Petroleum Engineer, pp.
88-98, Dccember 1946,



Semploted in 1935. A gas vell, completed in the initial development

‘;ﬁriod in the southern part of the field and producing from the

¥

_ﬁiﬁmpic sand, registered a pressure of 575 pounds per square inch

f3  gauge at the surface. The accuracy of the gauges that registered

tfthe reported tests is unknown, but the pressures recorded are com-

’fparable with the estimated pregsures in this field.

i In 1936, bottom-hole pressures which were recorded by Dillard 12/

"1n 11 wells in sec. 1, T. 9 N., R. 8 E., at a depth of 800 feet below

- gea-level, ranged from 190 to 510 pounds per squere inch. The maximum

.zpressure et thet depth wa2s recorded in e well in the NW}; SE; Nw}

| sec, 1, T. 9 N., R. 8 E., &and ihe minimum pressure wes recorded in a
well in the NE} NE} sec. 1, T. 9 N., R. 8 E.

On July 20 and Scptember 18, 1936, subsurface pressure surveys
were conducted by three compsanies 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 e minimum of 105 pounds per square inch to a maximum of 484
pounds per square inch, The maximum pressure wes rccorded in a well
in the SW} SW} SW; sec. 51, T. 10 N., R. 9 E., and the minimum
pressure was recordea in a well in the NW}: SE} M&} sec. 1, T. 9 N.,

R. 8 E. Ileny of the bottom-hole prassurss recorded during this survey,
especislly in sec. 1, T. 9 N., R. 8 ., rangea from 355 pounds per

squere inch to 455 pounds per squere inch at a depth of 800 feet

lé/ Dillard, R. W., dlympic Pool, Hughes and Okfuskec Counties,
Oklehomea: Stretigrephic Type 0il Fields, Am. Assoc. Petroleum
Geologists Symposium, p. 467, 1941.
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elow ses-level. From these and other pertinent data, it is estimated

'@pproximately 650 to 700 pounds per square inch absclute. For the
:burpose of this report, all computations involving the estimation of
¥he quentity ol initial oil in the reservoir are roferred to a sub-
asurface pressure of A75 pounds per square inch absolute.

Gas Solubility and Formetion-Volume Factor

So far ss can be ascerteined, no bottom-hole sample of oil from
the Olympic sena wes ever 6btainea in this field and analyzed¢ in order
to determine precisely the quantity of gas dissolved in the oil &t the
tempersture and pressure of the reservoir, and the volume occupied in
the reservoir oy one barrel of stock-tenk oil under the initiasl con-
ditions of temperaturz and prescure. However, semples of oil with
quelities similar to the oil from the Olympic sand heve been obteined
from other reservoirs, and these samples of oil have been analyzed for
gas solubility end shrinkage data. These parameters heave becn used in
determining the performence of the Olympic reservoir. In addition,
technicel dute published recently by Beel lﬁ/ and Muskat ;é/ are appli-
cable to the conditions of gas solubility, shrinkege, end viscosity of
the Olympic reservoir.

The pfesence of associated gas in the gas cap portion of the
Olympic zone incicates thet the c:l in the Olympic send was saturzted

with gas originally at the initial pressure and temperature of the

formation. Moreover, gas from the Olympic sand has & gasoline content

14/ op. cit., pp. 1-22,
15/ oOp. cit., pp. 88-98.



nging from 0.4 to 2.6 gellcns per thousand cubic fecet, incicating
‘that the gas is soluble in the oil in the reservoir. For these

;
‘ypessons, it was considered rcusonable to use the curves of Beel and

3
%IMskat in estimating reservoir conaitions of the Olympic sand. In

[

éjapplying the date for the liquid phase given in the curves to con-

&
£

ditions in the Olympic semd, it is estimeted that the temperature
of the reservoir aversges about 85° F., and that the averagc gravity
of the oil is =zbout 350 AP.I., although it actually ranges from 27°
to 37° A.P.I. At the estimatod reservoir-pressurz of 675 pounds per
squere inch, it wes estimated thet the solubility of the ges would
be 250 cubic feet per berrel of stock-tank oil. By differcntiel
liberztion of the gas from this initiel reservoir-pressure, the
thermel and isothermel shrirkage nof the ligquid phase to atmospheric
pressure of 14.7 pounds per square inch ena temperature of 60° F.
would be sbout 18 percent of its reservoir-volume; thercfore, the
formetion-volume Tector was estimatea to be 1.22. Thus, ore barrel
of stock-tank 0il was equivalent to 1.22 barrels of oil end gas in
the liquic phese at the initial pressure and temperature of the reser-
voir. As the ebsolute viscosity of ges-free oil of 35° A.P.I. gravity
is ebout 7 centipoises, the ebsolute viscesity bf the reservoir-fluid
contzining 250 cubic feet of gas in solution is estimated to be in the
renge of 2.7 to 3,0 centipcises.

The licuia nhese of the hydrocarbons in the Olympic sznd occupied
65 percent of the net pore space in the reservoir initielly; thérefore,
the origincl oil gontent or the Olympic reserveir smounting to

105,182,800 barrcis would in the process cof liberating its dissolved



= shrink to 53.3 percent of the pore space of the reservoir and

,;ould then be equivalent to 86,215,400 berrels of oil at stock-

. conditions of temperature and pressure. This computation takes
cognizance of the volume of gas in solution at low reservoir-
ibgossure, nor of the volume of gas remaining in the pore space estab-
' 1ishing equilibrium,

{ Interstitial Water Saturction

' That interstitial water exists in virtually ell petroleum reser-
voirs sssocicted with the hydrocarben phase is generally eccepted in
»the oil inaustry. Except where low filtrete loss drilling muds or
oil-bese arilling muds are used, only a portion of this wster hsas
becn recoverca herztofore by coring methods, In the Olympic field,
only a few cores were taken. The anelyses of these cores relative
to the interstiticl water-content is unreliable inasmuch as flushing
of the cores by drilling fluid is evident. For this reason, the
quentity of weter in the cores which wus determined by core anelysis
is not representetive of the sctuel interstitiel weter-content of
the reservoir. It wis evident, hcwever, thet the percentage of water-
saturztion veried w. .u the permezbility, &s cores of low permesbility
had higher percentages of weter-scturetion.

Several cores were enelyzed for interstiticl water-contert by
resorting to the method of restored stete of the originzl fluid
pheses. This method of enalysis dcpends on the theory thet the
percentage of oil and water present in the rescrvoir varies with the
difference in pressure between the oil phese and weater phese. By

this method, the interstitial wstcr-content of severel semples ranged
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25 to 30 percent cf the voia space, perforce, being dependent
61!3 ,and varying inversely with th2 permeability of the porous medium.
ghere is doubt, however, whether the permeability of the core samples
f:‘eted representea the average pcrmezbility of the Olympic send.

h&, In the finel enalyesis, the interstitial water-content of the
‘0lympic sand was computed by meens of the resistivity or long normel
curve of the electric log. 3By this xerns, the percentage of water-
""seturation wes estimetec to be about 35 percent of the pore space in
_'the send. In licu of more conclusive date, it was consicered advie-
.j:able to use 35 percent interstitiel weter-saturation as the originsl
quentity of water prescnt in the pores of the reservoir. On the other
hend, it ic likely that interstitiel weter-ssturation veries through-
out the fiela in accordance with the permeability of the send, bsing
at 4 mexizum on the north, west, and south flanks of the field where

edge water is present. The economic significance of interstitial
water-saturation is self evident, as eny 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 interstitiel water-content in the Olympic
sand is within the range of 30 to 4C percent seturetion, as the sznd
is unusually fine grained, and the greins very uniform. This feature
of the send is reflectea by low permeebility which in the few cores
aveilable renges from ebout 5 willidercys in the zones of tight sand
to & meximum of 159 millidereys ip the more porous sections. The
average permendility of thege cores is about 50 millidarcys, but the

permesbility of onc core from the western fleuk of the Olympic send
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R yereged 99 millidercys. From these cores it is evident thet the

.ﬁfnueability is greater in the section at the top of the oil zone

¥
vﬁind thet it greduelly decreases in value towerda the base of the

FoLympic zone.

ihate of ProdGuction-Decline

Most wells procucing from the Olympic sana in the "flush" pro-
éguetion pericd procuced unrestricted anc only a few oil wells showed
procucing capacity greater then their sllowable productivity rate.

KCOnsequently, the rete of decline wes rapid--cbout 62 percent yeerly
for the first few years of production. At the enc of the 10th year
the rate of decline was about 15 percent yearly. The composite curve
depicting the rete oi decline , plate 22, is representative of the
docline of &ll wells producing from 30 leaseholds comprising 1,170
procuctive ecres of Olympic ssnd. The curve shows thaet a well pro-
ducing 111 barrels of oil deily by primery methods of operestion et
its peek of proauction woulac in the 12th yesr of its life be procucing
about 1-1/2 barrels of oil deily. In the 15th yenr the well would be
proc¢ucing zbcut 1 barrel of oil wueily, zné its rete of procuction
would be declining =pproximately 12 percent yearly.

Procuction-curves of all leaseholds in the field were prepered
in order to analyze the performence of individucl properties as to
the rete of ueciine anG the influence of deepening operctions, reme-
dial work, anc zas injoction on the performence of these wells.
Incivicuel prowuction-curves of six leaseholds sre included herewith
(see pls. 23, 24, and '25) to illustrzte grephically the history of

oil procuction. The-e grephs also show the influence of operational
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COMPOSITE CURVE
OF DECLINE OF PRIMARY PRODUCTION

FROM THE OLYMPIC SAND
HUGHES AND OKFUSKEE COUNTIES, OKLAHOMA

"PRIMARY" PRODUCTION EXCLUDZS ALL INFLUENCE OF
GAS-INJECTION OPERATIONS, DEEPENING OF WELLS
AND WELL REMEDIAL WORK.
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}hoqg employeG in procucing these properties as well as thc quantity

'f oil attributed to the specific phascs of operation.
The performance of two lesseholas which represent the better
vioducing properties of the fiel¢ is portrayel by the production curves

‘for tracts "A" and "B" shown on plete 23. Here, trect "AY is shown to

l
'have procuced 6,647 barrels of oil per ecre by primery methods of

procuction, end 798 berrels of oil by ges-injection operestions, for &
total recovery of 7,445 barrels of oil per acre to July 1, 1946. The
‘production-curve of trect "B" represents typical performance of a bet-
éter producing property which shows no effect from gas injection. This
;property comprising 80 acres produced 8,782 barrels of oil per zcre to
July 1, 1946. 1In 1946, the rate of production on this leasehold was
declining at the rate of 19 percent yearly. Little deviation occurred
in this rate of dceclinc during the period 1943-1946.

The manner in which deepening of wells and remediel work on wells
has affected the rate of production is shown by the production-curves
of tracts "C" and "D" on plate 24. Here, the decline-curve of tract
"C" illustretes the effect of the deepering of producing wells--the
increase in proauction emounting to 63 barrels of oil per acre to
July 1, 1946. Although the proauctivity of wells on this lessehold
has increased with ¢ 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 comperable to the rate of primary decline.
The production-curve of trect "D" shows the relative influence of the
combination of deepening of wells, remediel work, and gas-injcction

operctions.
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The influerce of remeaisl work, aeepening of wells, and gas-

jection on propertics with low primary oil production is shown on

ii ate 25. Tract "E™, which produced en estimated 1,595 barrels of oil
'éer gere by primery production to July 1, 1946, showed an increase of
,; berrels of oil per acre by remedizl work and deepening of wells.
ffhg total oil recovery is 1,622 barrels of oil per escre to July 1, 1946.
fTract "F", imrediately north of & leasehold on which gas-injection is
;practiced, has responded to these neerby gas-injection operetions,
i?lthough no gas has been injected on tract "F". Primary oil production
Ftrum this trect to July ., 1946 hes been low--estimated as only 1,587
;barrcls of oil per acre. In addition, an estimated 21 barrels of oil
per ecre have been recovercd ag e result of ges-injection development
on the offset ilecse to the north. The leasehold hes yielded only

1,608 barrels of oil per ecre to July 1, 1946, and it is clascified

as one of the less productive properties of the Olympic seand.

Chareccteristics of Crude Oils

Chemicel and Physicel Properties

The crude oil produced from the Olympic sand in this field is a
brown intermediate-bcse oil renging in gravity from 27° to 37° A.P.I.
The initiel gravity of the oil from many leeseholds was reported to be
37° A.P.I. in the eerly life of the field, especiéily on those leuse-
holds in the area emb:iccing the zone of gas cup of the send. However,
as the recnge of gravity was considerable in this field, the average
gravity of the oil produced from the Olympic send wes considered to be

35° A.P.I. The oil was solé in this field on a gravity besis in 1946
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prices renging from $1.09 per barrel for 27° to $1.29 for 37°

y p.I. grevity. In adacition to the stendora price schedule, o sub-

i'gidy of 35¢ per barrel oil wrs paid by the Government. Subsidy

5
i payments startea August 1, 1944, and were still in effect on July 1,

1946.

Suwples of crude oil from the Olympic sznd and the Cromwell sand
were collected from the stock-tenks on a few leascholds in 1946, end
these 0il ssmples were analyzed by the U. S. Geologicel Survey
Leboratory, Casper, Wyoming. The generel characteristics of the crude
oils ena the characteristics of the fractijons of these oils es deter-

mined by the Pureau oi Mines Hempel method of enzlysis are given in

r

tebles 5 and 6.

Table 5

Anelyses of 0il from the Olympic sand in the Olympic field, Oklehome
{J. D. Clark, Analyst)

Semple 1
LOCHLION vossaisinssssssnssvssssns OEE 86y 1, T 9N,y R. 8 E

Depth of 02ympiic' send, PO6L «.scussensessssssiessssssis 1070
Semple COLlECtEA evevevecsnsecesscsesssss Suptember 17, 1946
Semplie obteined 8L soesvesesssases spsmsessessasss SHOCK Lonk

GENERAL CHARACTERISTICS

APy BRBVARY i s bs canmimsis steses sbmen ssees s oeueanse I
SpaciBlic: @ravAtY i savsieiessisssysisessseesessssdeese 1Ok
SULTUT, DOLCENT 4ivis viaisininis yiesie aie siois o siainiesei0i8/8 0781850 si0 sinininis) IO
Saybolt Universcl viscosity at 70° Bloy, 860y osswmessvss 80
Seybolt Universel viscosity et 100° By BECS Bosssswaie 54
POUT Poin®; T sousiisonsaeases e slisessstaeaasesdi a0
CONOD o nuise v saies s oo see sssenas sl ssssoasyss 1DIOWI
BHBO .05 susbien ponnvsess e snssessemsss ggges sases dnteymediate
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DISTILLATION, BUREAU OF AINES HEMPEL METHCC

Distillation at atmospheric pressure, 630 mm.
first drop 43° Cc. (109° F.)

ac- ¢ § Sumy, 3 : : 5. U, : Cloud
. ¢ _Cut at __ Per : per $ Spe Lyt AsRTe,: ¢ visc.,: test,
: . B0 % OF, cent : cent : 60/60°F.; 6Q°F. . C.I. : 100°F,: °F.
50 122 198 iRl .
75 - 167 2.0 3.1 0.658 83.5 L.l
1000 212 4.1 7.2 .696 71.8 12
125 257 LT 11.9 o125 63.7 17
150 302 Loy 16,3 ST 57.9 19
195 347 L9 2l:2 $766 53,2 2L
200 392 4:0 25.2 .782 49.5 23
225 437 52 30.4 .798 45.8 25
250 482 5.1  35:5 .812 42.8 26
25 527 7.0 L£2¢5 .828 39.4 29

stillation continued at 40 mm.

200 392

225 437 39 L6.L 0.863 32,5 36 L9 30

250 L82 5.8 522 871 31,0 317 59 L5

275 527 6.6 58,8 .883 28,8 39 9L 60

300 572 6.6 65,4 .895 26,6 42 172 75
Residuum 305 _ 95.9 0.947 17.9

fCarbon residue of residuum, 8,46 percent; carbon residue of crude 2.86
gpercent.

APPROXIMATE SULMARY

; . AsReT., 3

:Per : Sp. gr-> 60° F,” : Viscosity,
b :cent :60/60 F. sec.
tLight gasoline 72 0.680 76.6
iTotal gasoline and naphtha 30.4 0,744 _ 58,7
ierosene distillate 5l 0.812 42,8
tas oil 9.4  0.837 37.6 Below 50
FNonviscous lubricating
. distillate 11,2 ,864-.88L 32.3-28.6 50-100
‘Medium lubricating

distillate 8.3 .884-.299 28.6-25.9 100-200

Viscous lubricating
. distillate _ 1.0 .899-.901 25.9-25.5  Above 200
RESidqun 3005 -9167 1709
Distillation loss Lol
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B 10Cation sevscsrncetvcnsesves SW: NE: Nz sec. 12, T. 9N., R. 8E.
Depth of Olympic sand, feet .....evcvvcrnccnncsncccnnnnns 1696
Sample collected ..ccceasonsscnsecrcscaose ...September 17, 1946
sanple obtained at ssseseesvsmevovssvssnsanes cevevse Well 1-A
status of well ..ssaasemsaipssisiss o/ 8 b10: 50001 050 $i63 orevaN BN EHokS pumping

GENZRAL CHARACTERISTICS

ABET, EOREART & vvisstepoinivyssiasineienirsEsoine 27:9°
Specific gravity ceeeececccscsesccccrccccssccsancans 2 0.288
Suﬂm,pmmmm..n.“.”.n.“.” ..... OI00 o0 S Ao 0,033
Saybolt Universal viscosity at 70° F., sec. ....... . 419
Saybolt Universal viscosity at 100°F., sec. ........ 133
Pomapeint, "M iossmesectennsss vt ieesi B 35
BGolOY ceoevescssess TS aisisiaNe o518 T R T 0.0 brovm
BABE nts-ain o 50 wisinid w9 o388 arasaiaiareiels SO O SRR s e ... Internediate

DISTILLATION, BUREAU OF MINES HELPEL NMETHOD

Distillation at atmospheric pressure, 628 mm,
First drop 92° c. (198° F.)

\;:;-;
£
|

Frac-: : : Sum + S, U, ¢« Cloud
tion :  Cut at : Per : - : visc.,: test,
NO. : E S e F - cent : cent . 68]06 F . gO/éédp s C. I. loooF 2 OF 2

1 50 122

2 75 167

3 106 212 y

4 125 257 150 130 0,747 579 27

5 150 302 2.1 3Ll <759 54.9 25

6 175 347 2,2 kg 173 51,6 25

7 200 392 3.5 8.8 .780 49.9 22

8 225 437 La? 18.5 .798 45.8 25

9 250 482 7.8 21.3 .817 L7 28

10 275 527 5.4 26,7 .833 38.4 3l
Pistillation continued at 40 mm.,

i i 20 392

12 225 437 T3 540 0,860 33.0 35 49 25
13 250 482 T4 L1l.4 .871 21.0 37 61 L5
1 215 527 5.9 473 .31 29.1 38 92 60
15 300 572 Tl 547 « G0 27.5 39 133 75
Residuum 41,9 96.6 0,948 17.8

Carbon residue of residuum 8.13 percent; carbon residue of crude 3,55
percent,
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APPROXIWATE SUMMARY

sPer :Sp. gr., e :Viscosity,

198,
:cent :60/60°F . 600 Fr :  sec.

:ht gasoline

fmotal gasoline and naphtha 13.5 0.779 50,1

Yarosene distillate 7.8 .817 Ay

Bas oil 8.6 843 36.4 low 50

Wonviscous lubricating

¥ gistillate 15,6 ,861-.883 32,8-28.8 50-100

“Yedium lubricating

g distillate 9,2 .883-.895 28,8-26.6 100-200

‘Viscous lubricating

L distillate Above 200
FResiduun 41.9  0.948 17.8

stillation loss Sk

; Table 6

Analy31s of oil from the Cromwell sand in the Olympic field, Oklahoma
Y (J, D, Clark, Analyst)

'Sample 1

: TePAtAOn 4»sesupessnsessiss <« SEZ NW1 NWi sec. 12, T. 9N., R. 8E.

G Depth of Cromwell sand, feet suisvveccssnsse S Saa Lo NeY Shastsa 3425
Sample collected .....oev.nn .8 STshe) SISS) Big Y6 heian eeeess November 21, 1946
Sample obtained 8t .. essecacssosesss Srelaimere olakois el shexe Separator
SEBEUSIOT WONL. 550510505 0010181697058 181010y 65065 3118 059 $561-81 81058 flowing

AsPLT: gravity cecssnssesscvssvpas PR VR AT . 37.4°
Specific gravity cseessesssesis sisisis 9 N e TR 0.838
Sulfur, percent ..... S SR S v e S SEE A C.206
Saybolt Universal viscosity at 70° F., sec. ...... 52
Saybolt Universal viscosity at 100° F., sec. ..... 43
Pour pecint, o SO L AT P EM 06 25
COLOR sraverersioiai o s sisraisiorere:shayare B els/eis ahaia s: s e o) sxsnaia o aissrars green
BB 105 ¢ wis simsisiorsiensiatsishe: susiiovanasshoior syssioxelskars @ alaiehes s anasalohsets intermediate



DISTIILATION, BUREAU OF MINZS HEMPEL }ETHOD

Distillation at atmospheric pressure, 630 mm.
First drop, 66° C. (151° F.s

2 : Sum, : » : : S. U, : Cloud
¢t Per ¢ per & 8p. @P.,* AP.1.,! : visc.,: test,

: °¢, : °F. : cent : cent : 60/60°F.: 60°F. : C.I.: 100°F.: °F.

75 167 0.7 0.7

100 212 47 5.4 0,730 62.3 28

125 257 7.2 12,6 .738 60.2 23

150 302 5.1 17.7 «755 5549 23

175 347 6.5 24.2 770 52.3 23

200 392 55 29.7 .786 48.5 25

225 L37 5.9 35.6 800 L5.4 26

250 482 6.3 419 814 42.3 27

275 527 7.3 49.2 .828 39.4 29
iDistillation continued at 4O mm,

200 392

225 L37 6.7 55.9 0.859 33.2 34 50 25
(13 250 482 6,0 61.9 .868 3L.5 35 b4 L5
P14 275 527 6.2 68,1 .881 29.1 38 105 65
f15 300 572 he2 23 .887 28.0 38 153 80
[Eesiduum 24.2 96.5 0.931 20.5
\Carbon residue of residuum, 3.75 percent; carbon residue of crude 1,01
percent, v

APPROXIHATE SULRARY

:Per : Sp. gr., ¢ COA.F,I., : Viscosity,
:cent : 60/60° F, : 40° F., : sec,

Light gasoline 5l 0,730 62,3
Total gasoline and naphtha 29.7 o195 55.9
Kerosene distillate 12,2 .807 43.8
Gas oil 10.6 .837 37.6 Below 50
Nenviscous lubricating

distillate 11.9 .859-.880 33.2-29.3 50-100
Medium lubricating

distillate 7.9  .880-.890 29.3-27.5 100-200
Viscous lubricating

distillate Above 200
Residuum 24,2 0.931 20,5
Distillation loss 345

61



THE OLYMPIC SAND BODY
The Olympic sand is a typical lenticular-type sand body of
Pennsylvanian age which is similar in most respects to many of the

her lenticular Pe 'sylvanian sands in the Mid-Continent Region.,

FIt is overlain and underlain by shale beds which converge laterally

fks the sand pinches out to form a stratigraphic trap. There are no
fdry 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 fuet in the northern part. The
weighted average thicikness 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.) Thesec cross sections further indicate that the sand was
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(ﬁtxwited upon a reasonably plane surface. The isopachous map (pl.l0)
;hows, in general, 2 rapid thinning of the sand body along the east
?iide of the field. Across the field westward, however, the thinning
{15 more gradual. This evidence, together with the shape of the sand
sbody as shown by the transverse cross sections, indicates that the
ieastern side of the sand body constitutcd 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 cocal and the base of the sand body, this aspect is changed
wnen 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 fect 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 thc cast side of the field, 66 fect through the middle
of the field, andb38 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
rcgional westward dip is predominant, and the localized dips to the
north or south are reasonably consistent withan small arcas,

The Henryectta codl, in general, is in direct contact with the

top of the sand body in thosc arcas where the sand thickens to form
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local depositional "highs". Eignty percent of the wells whercin the
vbonl is in contact with the¢ sand have sand body-thicknesses ranging
¥
?from L6 feet to 8l fect, and the average thickness of the sand in
these wells is 60 fecet., Dlost wells which logged the coal in direct
contact with the sand body are located south of the syncline and their
locations 2re consistent with the thicker sand scctions 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 slopcd gently castward, The irrcgularities
of the top of the sand body werc caused by depositional "highs" and
intervening "sinks" which wcre later filled with laminatced silty shale,
The regression of thc sca was followed by the deposition of the coal
over a feirly flat surfac.,

Lithology

The lithology of the Olympic sand body was ascertaincd 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 corc analyscs data. A number of sample logs were
prepared at the time the Olympic field was developed, and 26 of these
logs were aveilable for study. Additional information was obtzincd
by making binocular c¢xaminations of cable-tool cuttings from 30 wells,
and the sumples from 20 of thesc wells were found to be represcntative

of the oil-productive section of the sand body. Corc samples of the
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Fuqur pert of the sand body from 21 wells werc examined. The wells

g-from which the core samples were taken were located in sece. 1, T. 9N.,
R. 8E., sec, 25, T. 1ON., R. 8%., and secs. 8, 18, 19, and 30, T. 1ON.,
R. 98. These 21 wells had an average of five core samplcs per well,
which reprcsented a total of azbout 17 feet of sand per well,

EZxaminction of the samples and deta disclosed that the Olympic

sand body has pronounced gradational lithology, with the upper part
usually consisting of silty, micaccous shale, interbedded with fine-
grained silty, micacgous sand and grading downward to medium- and fine-
grained sand with decrcasing clay bond and increasing friability. In
many arezs, howcver, the lower part of the sand body contains thin
sections of micaceous siltstones and thin sections of fine-grained
sand that is cemented with sidcurite or caleite. The upper part of
the sand body is generally thin-bedded, whercas the lower and oil-
productive part is usually morc massive and the sand-grains are better
sorted, The quartz sand-grains arc medium to fine in size and sub-
rounded with the exception of sccondary grain growth. The bonding
material consists esscntially of white clay, calcitc, and siderite.
Two sample logs of part of the Senorz formation, presented in table 7,
werc preparcd for the purposc of showing the lithology of the Olympic
sand-scction in greater deteil,

Analysis of Sand Body

The investigation of available well records disclosed certain
indefinite dctails relative to the amount of productive sand. These
conditions arc cnumerated s follows: (1) many wells were drilled only

partially through the sand; (2) portions of the oil-becaring section
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Table 7

Detailed sample logs of part of the Senora formation,
Oiympic field, Oklahoma 1/

i i

“ell: L e . SRS =2 -
Location: S"igSVitNEZ scc. 1, SExS.i£S’l; sce. 30,

T. 9N., R. 8E. T. 10N., R. 9E.

Initial oil
production,

with small amount of clay
1689-1702 Soft medium-grcined sand,

interbedded with fine-

graincd sand; clay bond

1702-10 Fine-grained sand with
clay bond

1710-13 Hard sand ccmented with
calcite

1713-20 Light brown shalc and
dark shale

1720-28 Dark shale

1728 ... Total depth

66

barrels per day: 560 70
Estimated oil-
productive
sand, fect: 38 26
Estimated gas
sand, fect: L 17
Depth, feet: Lithology Depth, feet: Lithology
1650-52 Coal 1715-17 Black shalec
1652-58 Gray shale 1717-19 Cocl
1658-62 Medium-graincd sand, inter 1719-25 Dark and gray shale
bedded with shaly siltstonel725-33 Silty micaccous gray shale
1662-66 idcaccous, inedium-grained 1733-42 Hard fine-grained
sand, interbedded with iicacecous sand, clay
siltstone and clay 1742-48 Soft fine-graincd
1666-71 (No samples; driller's log micaceous sand
shows oil sand) 1748-52 Hard fine sideritic sand
1671-78  licdium-grained,micaccous  1752-56 (No samplcs; driller's
sand, interbedded with log shows oil sand)
silty gray shale 1756-60 Fine-grained micaceous
1678-83 Herd medium-grained sand, sand intcerbedded with
cemented with calcite silty shale
1683-89 Soft medium-graincd sand  1760-62 Hard fine-greined sand

interbedded with shale

1762-66 Soft finc-grained vwiell-
sorted sand

1766-69 Hard finc-greined
sidcritic sand

1769-79 Fine-graincd well-
sorted sand

1779-81 Hard sideritic sand

1781-87 Soft fine-graincd sand

1787~-88 Hard sand, cemcnted with
calcite

1738-90 Dark gray shalc

1790 .,.Total depth

l/ Samples examinced represcented intervels of 2 to 5 fect,
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F

ere not productive because of unfavorable sand-conditions; and (3)

;ﬁc productive sand was ov.rlain with a gas cap in ccrtain areas of
‘the field. Consequently, cstimates of the total sand and productive
sand=thickness were required for many wells,

The total thickness of the sand body was not known for the many
wells in the ficld which were not drilled through the sand. In order
to obtain reasonablc 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 scctions for each
leasehold in the field, When the log data so arranged did not provide
sufficient control on the basc of the sand body, information from
adjacent leaseholds was uscd 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 estimatc thc base of the gas cap and the amount of oil-
productive sand,

BEstimates of the amount of undr'lled sand excceded 5 feet for 99
wells in the field., Twenty-nine of these wells were edge wells, and
presunably were not drilled decper in order to avoid drilling into
watcr., The other 70 wells were scattercd throughout the field, and
the samples indicated that thesc wells were not drilled deeper because
of the unfavorable appcarance of the well-cuttings. Subsequent to the
initial development—-period, however, a number of wells were decpened

10 to 15 feet without complctely penetrating the sand.
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- The amount of productive sand, cxpreossed as percent of the total
(j;and, was estimatcd whenever possible from the 56 available sample logs
? ;nd from the drillers! logs. If the log descriptions wecre considercd
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. 1d, the cstimated
percentages of productive sand, and the average p.rcentage arc
presented in table 8.
Table 8
Summary of sample-log examinations of the Olympic sand,
showing amount of oil-productive sand cxpressed in terms
of percent of total sand, Olympic field, Oklahoma

Oil-productive sand,

tell location pzercent of total sand
SEAN#ANYZ scc. 18, T. 10Ney Re 9E & & v & ¢ o o o & 72,0
OWENENWE & & o o5 O s ¢ & 50 5 & 5 506 & 5 s 70.0
SEENEZNVE . . . . cedo. st be e e 67,0
SENDNEE & « « o v .80 6 3 5 5 48 &6 8 Vg &9 63,0
SRINNENE . o' o v 5 9 600 s @hg & 65 5 & B 5l Bt s 76.0
MBSEENEE ; « » s o 9 @0 s o v s o0 4 v 2 99 & e (LD
BEISESNEL ¢ s 6 o 6380 s 9w 99 5 & 5 e 9% & 55.0

NWiSUENWE sece 17, To 10Ne) Re 9Ee ¢ o o o o o o & 65.0

SELSE4SEZ sec, 25, To 1ON., Re BE . . o o o = & . »  89.0
SELSWSEL o o v v v dou it u i i e e 67.0
SHESWASED o o v o » @0 5 68 s 2 s B ® 5 s & ©65:0
SWiSE':‘:SV'h, e, & o s 00 wde 5 sie @ & . I+800
SESEREL o S 5w o G0k 's adl &% Brassss o @ o 61.0
SELSWiSW2 s0¢. 30, To 20Ne, Re TB o o ¢ o ¢ o o o « 29.0
NELSHENWEL o « . .« . SO DR 2 R e oS o 60,0
USRI &« 5 5.5 @80 % b o Tes & o siksr & B 80,0
SWESWANES sec, L, To I Ney Ro 8By o o 0 6 5 o o & & 75.0
WEMIENEE: o o o o T R T Ay 70,0
KON S o 4 5 % 380 & 5% e e B e e S 57.0
SWISEIWE . . . . . . doO 8 91.0

o~
0
.

N

AVERAGE;



Gas_Cap
The gas cap of the Olympic ficld is of considerable importance

in conncction with anticipated secondary-rccovery operations. The
casing in the majority of the wells was set in the top of the sand
body, and if thc permeability of the gas cap should prove comparable
to or greater than that of the oil-producing section, serious diffi-
culty would bc cncountired by "thiefing" of any injected media. The
available information pertaining to the gas cap consisted of gas-oil
ratio reccords, 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 aforementioncd data were used in determining the extent
of the gas-cap arca, but the most reliable information was found to be
the 1937 gas-oil ratio records of the individual leascholds. Complcte
records for any carlicr year were not obtainable, The original
solution gas-o0il ratio in the field was approximately 250 cubic fect
per barrel, but for the 16 leaseholds which were determined to
constitute thc gas-cap area, the average 1937 gas-oil ratio was
3,200 cubic feet per barrecl, For 46 other leaseholds, however, the
average 1937 gas-oil ratio was only 500 cubic feet per barrel.

The gas-cap arca, shown supcrimposed on the isopachous map (pl.10),
cmbraces 990 acres and consists of a 2C0-acre arca in the central
portion of the ficld and a 790-acrec arca in the southern part of the
ficld. The average thickness of the gas sand in the centrel area was
determined to be 11.9 feet, and the aﬁerago thickness of the gas sand
in the southern arca wﬁs ascertained to be 13,4 fect,

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- injectiocn 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 arca indicate that approximately one-half of this
area has permeabilitics 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 suzgest the
possibility of unsatisfactory gas-injection operations. In these
five wells the pericability valuegs for 74 feet of gas sand varied
from 1 to 121 millidarcies, and the weighted average permcability was
42 millidarcics. In the other seven wells, however, the range in
perascability for 125 feet of gas sand was from 1 to 50 millidarcies,
and the weightud average permeability was only 15 millidarcics. The
log descriptions for the wells within the gas-cap area show that the
gas sand consists essentially of interbcedded fince sand and silty shale.,
Consequently, further exploration by coring will be necessary for
accurate determinations of gas-sand perncabilities and related effccts

on secondary-recovery operations.,
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Edgc llater

Lenticular sand-reservoirs of Pennsylvanian age seldom contain
bottom water, herein defined as water which undcrlies 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 cof bottom water, but it does indicate the presence
of edge water, which is found generally down-dip aloné the western
mergin of the fiecld., Table Y gives the location of the wells pro-
ducing edge water, together with initial watcer- and oil-production
data and the approximate sub-sea depth of the water-level in each
well, An clectric log of the last well in table 9 is reproduced on
plate 27,

Some insidc wells produced water initially, but thesc wells were
usually found to be improperly complcted and the source of the water
was above the Olympic sand. Lany wells are now meking a small volume
of water which may be intcrstitial water held originally in the pores
of the sand. No attempt is made herein to explein the production-
mechanics of interstitial watcr,

The analyses of six water samples, which were collccted in the
Olympic field, are given in table 10. Thc well from which sample 4
was collected produced 360 barreis of watcr daily at time of completion,
and in June 1946, produced water at the rate of 150 barrcls per day.
The clectric log of a well dircetly offsetting this well (sce pl. 27)
shows a distinct watur-level in the Olympic sand. In view of these

facts thc 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, Cklahoma

Well location

NEZNWENES,

NENEZNEZ

IIESEINEZ
S&‘!{SE%]\NIEE%

SE4SEINE#
SE£SENW

SE4SVIZNW

SWENEZNTE
SE4SWiNEZ
NESEZNE2
NE2NW:SW3
SWLSEENVIZ
NE;, Nz N,
NI 1T W2
SE{SE}SEL
SVASE AEg
SEzSWiSEZ
SWiSWESHz:

SEZNSiNEZ

produced from the Olympic sand.

dilution by water from uppcr forwations hod occurrcd.

Initial production,

Water level,

barrels per day approximate
Water 0il subsca depth,

feet
sec, 14, T. 9N., R. 8E. -hole full of water- 938
o-o'dolooonvo 86 23 933
sec, 11, T, 9N., R. 8&E, 10 37 943
$ o0 999 %o 9 o9 e 50 10 949
sec, 2, T. 9N., R. 8E, 86 23 926
sec, 36, T. 10N,, R. 8E, 80 35 916
o lie erte B0y & @ @ i @ -hole full of watcr- 935
o o @ O0%k ok fo &y ratalie 200 L0 9047
sec, 25, T. 10N,, R, 8E. 60 60 931
sec, 24, T. 10N,, R. 8E 8 47 944
sec. 18, T. 10N., R, 9E. 30 30 977
o AR OO B s o wete LO 100 986
'ooodov'qoco' 22 lo 997
s e v 900 o 5 & & @ 25 30 983
sec, 7, T. 1ON., R. 9E. 36 24 985
. - . . do. . . . . . . l—h hz 986
* e e 0 do. * e o+ o e o -hole full of watur- 983
sec, 8, T. 10N.,, R. 9E, 23 45 971
sec, 13, T. 10N., R. 8E, 360 36 1,009

This conclusion assumcs that no

The average

of the total solids in samples 1, 2, and 3 was notud to bec approxi-

mately 11,700 parts per million greater than the total solids in

sample 4.

were producing, as of July 1, 1946, about 25, 1

The leaseholds froam wihich semples 1, 2, and 3 were collccted
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Table 10

Analyses of water produced from wells
completed in the Olympic sand,
Olympic field, Oklahoma
(J. D. Clark, analyst)

= =
Sec. 36,
T. 10N., R. 8E.

2 e
Sec, 11, Sec, 19,
T, 9N., R. 88 T, 10N., R.9E

Sample o ¢ & & 6w ® &
Location . .

Wells producing water L 2 2
Average depth, feet 1,733 1,787 1,917
Date samples taken 11-21-46 9-17-46 10-15-46
Ppm 1/ Ppm Ppm

Calcium (Ca) o « « o & 11,500 9,812 9,991
Magnesium (Mg) . . . . 1,995 1,848 1,979
Akalis (Na) . . .. 39,526 41,739 40,008
Chloride (C1) .. .. . 87,120 87,120 85,140
Sulfate (SO4) . . . . - - -
Bicarbonate (HCO3) e 26 18 50

Total solids

(calculated) . . . . 140,057 140, 528 137,143
Sanple < s © 5w o o @ -4 - -5 = -6 -
Location « « « « + . & Sec, 13, Sec, 12, Sec, 1,

T. 10N., R. 8E T. 9N., R, 8E. T. 9N., R.8E

Wells producing water 1§ 1 1
Average depth, feet 1,881 1,756 1,715
Date samples taken . . ., 10-15-46 9-17-46 9-17-46
Ppm Ppm Ppm

Calcium (C2) o o « + & 9,276 7,261 409
Magnesium (ig) . . . . 1,924 1,686 89
Alkalis (Na) . . « . . 37,073 32,128 1,996
Chloride (Cl). . , . . 79,200 67,320 4,059
Sulfate (SOL)e o6 o - = &
Bicarbonate (HCC?) , , 27 - 5

Totzl solids T

(calculated) . . . 127,486 108,395 6,556

1/ Parts per amillion,
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water per day respectively. later 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 turms 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,
Expericnce has shown that a proper secondary-recovery survey should
include the analysis of a representative number of cores from the
sand-rescervoir., Such a survey may indicate that both the reserves
and saturation are sufficient, but that certain sections of the sand
body show ?crmeabilitics deviating considerably from the weighted
average permeability. Under these circumstances the sand sections
having large deviations greater than the average would probably
constitute "thiuf" sections, and those having large deviations less
than the averagc presumably would not be responsive to the convention2l
application of a single injection pressure at the sand face, This
aspecet of continuous hetcrogeneity or anisotropy in the sand is
possibly thc most important engincering problem relating to secondary
recovery.

Only two of the 15 corc analyses availablc for study represented

the oil section of the Olympic sand body. Hence, it was neccssary to
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adopt somc indircct method for studying the permeability-porosity
features of the sand. Such data as sample examinations, well initizl-
production, and production-decline curves are often used for
estimating the physical character of oil sands. Expericnce has
shown that the production-decline curves for the majority of
Pennsylvanian sand lense reservoirs arc hyperbolic, in cases of
unrestricted production, Further, the history of thesc unrestricted
reserveirs usually shows that from 70 to 80 percent of the "primory"
production is obtained during the first one-third of the life of the
field. The term "primary" production, as uscd in the discussion of
the sand body, includes all of the oil produced from the Olympic
sand to July 1, 1946, cxcept that attributed to gas-injection
opcrations. The hyperbolic decline curve (pl, 22) shows that the oil
production from the Olympic sand was unrestricted. The production
records for the individual lcaseholds disclosad that the "primary"
production for the first four years 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, Thesc 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 "primery" production, in terms of barrels per acre-foot of
productive sand, was dctermincd for all of the leascholds in the field

and used as a "sand body condition factor", The numncrical value of
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this factor, as used in this rcport, is expressed as a square-root

function, and thc formula is as follows:

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 very 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 rcsults
are presented on the sand bady-céndition map, (pl. 28.) The arca shown
on the map as class 1 represcnts the best sand body—conditions as to
productive characteristics, and class 4 arca represents the relatively
poorecst sand body-ccnditions. The areas shown a2s class 2 and cless 3
represecnt sand body--conditions between these two extremes. An analysis
of the sand body condition map with respect to sand body classes,
factors, and acreage is gi a in table 11,
Table 11
Classification and relative

distribution of Olympic sand body,
Olympic ficld, Oklahomz

Oil-
Class Percent productiye
of Sand of sand
sand bedy Area, total thickness,
body factor acres L/ acres feet 2/
1 L 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 tnan 2 290 8.4 -
Total: 3,471

1/ hcres equal productive acres plus proved acres.
2/ teighted average send-thickness., .
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Relation of Sand Body Factor Values
to Other Production Characteristics

The relation between the sand body factor and well initial-
production, by leaseholds, is shown graphically on platc 29, However,

the well initial-production valucs, expressed as

A/ Barrels/Doay/Ft. Productive Sand
show 2 morc consistent relation to the sand body factors. These data
are shown graphically on platc 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 fcot was found to be consistently lower for the edge wells., An
an2lysis of 13 leascholds, embracing 63 inside wells and 26 cdge
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 cdge wells,

The puak yearly oil production, ¢xpressed as

;\/ Rarrels/Well/Ft. Productive Sand
10

shows a reasonably good relation when plotted, by leaseholds, against
the sand body factor valucs, The graph of these 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 rcservoir, When data are aveileble and are
analyzed by leaseholds, however, the use of 2 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 O was arbitrarily assigned the value of 12
percent porosity and thc sand body factor of 5 wes assigned the
value of 22 percent porosity. A simple linear graph vas constructed
from these assumed values and the porosities for all the leascholds
were estimatced from this graph., A few comparisons of porosities
from core ancalyscs 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 spccific porosity determined by corz analysis,
Clympic field, Oklahoma

Porosity, percent

Determincd Estimated
Location Number of Number of  Total from corc from
of wells on cores samplcs | , analyses sand body
leasehold leasehold analyzed analyzcdl’ (average) factor
Sec. 30,
T. 10N.,R.9E 12 2 6 19,0 18.4
Sec. 31,
T. 10N.,R.9E 8 1 23 19.0 17.3
Sec. 25,
T. 1O0N,.,R.8E. 5 3 2 21.0 19,1

1/ From oil-productive scction,

Table 13 is a weighted average summary of two core anclyscs of
the Olympic sand. Both corcs were taken through the entire sand
section from top,to bottom and the complete core profilcs of the two

analyses are shown on plate 31,
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Table 13

Summary of core anzlysis determinations
of the Olympic sand,
Olympic field, Oklahoma

Core IIA"

SEZNALNWE sec. 31,

To lONo, Ro 9Eo

Gas Oil-productive
sand sand -
Sand-thickness, feet « ¢ ¢ o ¢« o« o & 5.4 37.2
0il content, barrels per acre-foot . 197.0 308,0
Oil saturation, percent of voids . . 12.0 20,8 -
Porosity, percent « » o o o o & o .o 20.9 19,0
Permeability, millidorcies . . . . . 76,0 26,0
Core "B
SEZSTLNI: sec, 31,
T. 10N., R, 9E
Sand=thickness;, feet  « o s « « o o none 37.0
Permeability, millidarcies . . . . . - 413

SECONDARY RECOVERY LEDIA

Surface Woter 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, and it is anticipated thet 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 weter-flooding projects,

A reconnoissance of the watcr resources in the general district
of the Olympic field indicates thit 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 & dzm across Little
Wewoka creek in the SEi# 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 recquire
a large investment which would affect seriously the size of the
water-flooding project to be developed, This may rcsult in the
adoption of a program of unitization becausc of the cconomies that
probably would result from th: development of extensive water-
flooding projects covering many leaseholds., It is surmiscd that
water-flooding venturcs, cven under a plan of unitiz&tion, would
adopt the 5-spot pattern system of development using a spacing of
660 fecet between like wells. If such a development—-program would
comprise 10 quarter-scctions, or an area of 1,600 ccres, and the
rate of intake of the water-input wells would cverage about 200
barrels of watcer daily per well, the total daily consumption of
weter would be approximately 32,000 barrels daily for the project,
This rate of consumption is equivalent to 125 acre-feet of weater
monthly.

Ylater Resources of North Canadian River

The Olympic field lies in the drainege 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 watcr for water-flooding operations in
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exploiting the field., In fact, thc 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 rccords on file with the office of the U, S. Corps
of Engineers, Tulsa, Oklzhoma, and from water-supply dote of the
U. S. Geological Survey. The records from the office of the U, S.
Corps of Engincers pertazins to the period October 1944 to October
1946 only., From thesc water-discharge data, it can be seen that
the minimum rate of discharge for this strecam during the period
mentioned amounting to 2,720 acre-feut of watcr in January 1940, is
greater than the volume of weter rcquired by the water-input wells
on a 1,600 acre water-flood projcct.

A combination water-treatment and pressure plant, including the
pipe-line system, that would supply the minimum requirecment of
32,000 barrels of water daily from the North Canadian River would
involve a large initizl capital investment., This investment would
be largely contingent upon the capacity of the water-treatment -
plant and the sizc of the pipe and length of the pipe-line system
from water supply to the plant. A watcr-plant, if constructed in
the Olympic ficld on thc leaschold ncor the Niz NizZ NEi sce. 1,

T. 9N., R. 8Z., would be¢ cbout 4,8 milcs from the North Canadian
River, To furnish the requircd supply of watcr at the weter-plant,
it is estimated that 12-inch diamcter pipe would be used to connccet

the source of water supply with the plant, A pumping station at
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Rate of dischorge of the North Canadian River at Ulctumka Station

Table 14

Sec. 12, T. 9N., R, 108,, Hughes County, Oklahoma
Drainage basin: 13,500 squere miles

Discharge rate in thousands of acre-feet of water per month

1228 1222 1940 1941 1942 1943
January 5431 2.72 8,77 35.59 22,28
Fabruary L.26 3.58 12,49 3L.]15 16.52
March VA 2,67 724 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 1737 373 19.32 54,29 24,00 5.82
October 5.46  3.53 3.21 269,20 54,62 8.07
Novzmber 5,87 2.92 18,55 272.5C 52,95 4.12
December LT3 2.87 8.27 67.01 33.79 5.72

1944 1945 1946
January 6.41 9.8, 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 93.52 171.80
June 55.05 151.70 71.64
July 13.59 105.90 32,81
August 6.88 20,08 12.45
September 5.93 70429 6.40
October 2,57 115.60
November 12.17 16.25
Decenber 26.13 12.92

the North Canadian River, probably in the NE2 sec; 22, T. 10Ny, R, 9Es,
would b¢ required to deliver the water through the pipe-line system to
the water—plant, Because the relicf here docs not exceed 150 feet, it
is estimcted that the total head on the pump, consisting of suction

head, static head, velocity head, friction hcad and pressure head, if

any exists, would be low. Consequently low duty water—-pumps of
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centrifugal type will sufficc.

The investment in a wator-transportation system and a com-
bination trcating and pressure plant having delivery cap&city of
about 40,000 barrels daily would be approximetely 178,000, This
investrent woold include ;58,000 as the cost of constructing 4.8
miles of pipc line, and the pump-station at the 'orth Canadian
River. The investment in the water-treating plant would very
considerably in accordance with the design of the proposcd plant,
but would be about ,3.00 per barrel for 2 plant having a delivery
capacity of 40,000 barrcls of water per day, The total cost of the
combination watur-plant and 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 investment quoted nay
be considered as relative only.,

Impounded Water Supply

An alternative watcer supply for thce purpose of water-flooding

the Olympic sand may bc provided through the creation of a rescrvoir
by the construction of a dam across Little "ewoka Creck, prcferably

in the SWi SE- sec. 35, T. 1ON., R. 8E., slightly west of the Olympic
field. This sm2ll stream cnters the Clympic ficld from the west in
sce, 36, T, 10ON., R. 8E., and crosscs the ficld flowing southeastward,
A dam constructed here to a height of approximately 25 fect and having
an clevation of 800 feet at the top of the dom would impound a .

maximur, of about 15,488 acrc-fect of water with an estimated average
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depth of 10 fecet. The drainage basin for this reservoir would be
about 18,4 squarc milces,

No records are availablc of the rate of discharge of Little
Wewoka Creek in this arca, Hov rer, records of precipitation and
water run-off for the area nearcst the Olympic field for which such
records are aveilable show sufficient precipitation for flooding
the Olympic ficld., These records give the water run-off at the
Dewar gauging station in sec. 25, T, 12N., R. 13E., on the Decp
Fork River, about 35 miles northeast of the Clympic 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 ycarly,
At this rate the drainage basin of the proposed reservoir on Little
Wewoka Crcek cmbracing an arca of 18.4 square miles would discharge
546 acre-fuet of water per month, It is not to be construed that
these records pertain to the actual watcer run-off in the general
arca of the Olympic ficld, but if precipitation in the Clympic field
is comparablc, sufficicnt wator could be made aveilable for water-
flooding purpcses on large projects in the Clympic ficld by
impounding watcr on Little ‘Jewoka Crock,

Subsurface YWatcr

Water has been produced with the oil from subsurface formations
in a fow places in the Olympic ficld., At several places on the north
and west side of the field watcr has beuen reported in some wells
drilled into the Clympic sand and classificd as "dry holes", In

the NE# scc. 13, T..10N,, R, 8E,, a well completed in the Olympic
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sand produced initially 36 barrcls of oil and 360 barrels of water
daily, From these data it is belicved that the Olympic sand along
the margin of the field would not produce sufficicnt voluues of
water for extensive flooding operations and that in any cvent the
cost of drilling these wells also would be prohibitive,

A well completed on July 19, 1934 in the Cromwell sand in the
MW sec, 12, T. 9N., R. 8E., at a total depth of 3,474 feet, was
producing on July 1, 1946,about 500 berrels of water daily with
its oil production. This quantity of watcr would suffice for a
small "pilot" weater-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 complcte 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 watur production, It is questionable if these
formations can producc ot ¢ rate sufficient to supply water for
extensive watcer-flooding operations. On the other hand their
potentialitics for producing watur should not be overlooked, Future
tests of thesc zones may show that they can be uscd as a source of
watcr for small water-flooding proiccts,

Gas Resources

A large volurme of gas was producced with the oil from the Olympic

sand in the carly lifc of the ficld, In the phase of settled
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production through which the ficld is now passing, the gas producticon
has becorie less abundant cven in view of the fact that gas-injicction
operations still are¢ in progress, During the first 6 months of

1946, it is estimated that the Olympic sand produced 332,559,000
cubic fect of gas., But during this period 136,736,000 cubic feet

of gas was injccted into the Clympic sand in the gas-injcction system,
In view of the fact that o large volume cf gous is conswaed in pumping
the wells, in marketing, and in oncrating the gesoline plant, it is
believed that the surplus ges is of small volumc, This volunme of

gas is too small to be comncrcially important for cxtensive gas-
injectiocn operations. In addition to the gas produced frosi the
Olympic sand, some gas is produced from the Crouwell sand by e well
in the MM sec, 12, T. 9N., R. 8E. The volume of gas and the
reservoir pressurc cf this well arc being used for flowing the oil
producticn. No record is available, however, of the gas being
produced from the Cromwell forpation by this well,

In the carly lifc of the field some gas was produced from the
Calvin sand which is found zbout 200 feet above the Olympic zone,
These wells hove been depleted and have been plugged 2nd abandoned,
Yet, a well which produced from the Clympic sand for a time in the
SW% sec, 12, T. 9N., R. 8E., was convertcd to 2 gas-injcction well
by exposing the Calvin sand for its gas production and rcinjccting
this gas into the Olympic sand by usc of tubing sct on a packer above

the Olyupic sand,
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In a few othoer places in the Olympie field the Calvin sand has
been found to bc gas productive, In 1935, a well completed in the
Calvin sand in the NE sec. 12, T. 9N., R, 8E., produced about
4,800,000 cubic feet of gas initially per day. Furthermore, & well
completed in the Clympic sand in the NE2 SWi sec. 12, T. 9N,, R. 8E.,
found the Calvin sand to be gas productiyu when this horizon was
drilled. A test of this sand showed gas-producing potentialitics of
3,000,000 cubic feet deily. It is anticipated that the Calvin sand
should be¢ gas productive in other parts of the Clympic field if the
potentialitics of the sand are tested properly.

A L-inch gas-transmission linc in the NI} scc. 1, T. 9N., R. 8E,,
is uscd to gather gas from the Olympic field for commercial marketing.
It conncets with the main 8-inch pipe line about 3 miles cast of the
‘Olympic field. As the mariket price of gas in this area ranged from
30,045 to 30,05 per thousand cubic feet on July 1, 1946, it is
probable that rcpressuring venturcs could not be operated profitably
by injecting gas purchased at this market price,

OIL RESZRVES

Non Recocverable Oil

In the appreisenent of oil rescrves recoverable by the application
of sccondary recovery methods, it is prudent to detcermine the terndinal
0il saturation of thc stnd at the time of depletion relative to the
specific mediw. that is to be injccted into the rescrvoir, Regardless
of the characteristics of the injected medium, no method of injection
is known that will remove all oil fros the pores of a producing

reservoir, Theorcticenlly, the percentage of oil coexisting in the
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reserveir with the interstitial watcr is dependent on the diffcrence
in pressurc between the two phases 16/. The injection of water into
porous media is belicved to be the best method by which oil saturation
can be reduced to 2 mininum in those reservoirs adaptable to Lhis

type of operation,

Muskat and Taylor 17/ have shown by experiments in the laboratory
that =2t about 20 perccnt oil saturation, the perseability of the
rescrvoir to cil is low and at about 16 percent oil saturation the
perteability to oil is zcron, Furthersore, the profile of oil content
of a cor¢ from a producing well drilled by the rotary mcthod 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~rted with oil, Undoubtedly this core was flushed during
drilling. Accordingly, the oil content of the core has been reduced
to 2 minimum oil saturation. It is equivalent to the terminal oil
saturation derived by artificial water flooding of cores in the
laboratory in flcod pots, On the basis of the evidence, it was
belicved advisable in estimating the reserves of oil in the Olympic
sand tc consider the voluie of oil reuzining in the sand after the

application of water flooding as non-rccoverable oil.

16/ Brucv, Y. 4., and 'elge, H. J., The Restorcd State hicthod for
Determination of Oil in Place znd Connate Water: “lorld Oil, p.34,
August 4, 1947,

17/ iuskat, M., and Teylor, M. 0., Production Histcries of Gas Lrive

Reservoirs: Am. Inst, Min. Met, Zng. Trans., vol. 8, No. 5, p. 4,
September 1945,

88



Water-flooding projects in oil fields of Cklahone so far have not
shown the efficicncy of th; flooding tcests performed in the laboratcry
on cores of the producing sands in these fields owing to anisotropic
conditions of the sand, by-passing of the injected medium, and varia-
tions in water-flooding coverage. luskat 18/, in thc treatment of a
5-spot system of water flooding, which is the type of pattoern adopted
generally in water-flood development, has shown that in this particular
type of gueometric pattern the theoretical efficicney of the flood is
72.3 percent. On  other geometric patterns the efficicncy ranges
fron cbeut 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
a water-flood is defined as the freaction of the total arca of the net-
work that is flooded by the tine the flooding medium first recaches the
producing wells, thc ninimum oil saturation of the sand at the time
of deplction by sccondery operztions is therefore inercascd from 20
percent to 28.3 pecrecent for the entire ficld, For the purposc of this
rcport the caleculated lower limit of oil saturation wes further
increased by 1.7 percent owing to the effect of econoriic conditions
on the life of secendary operations, mcking the actuzl oil saiuration
of the Olympic scnd at the ceonouide limit of operation about 30,0

percent of the pore space in the Olympic rescervoir, It is anticipated

18/ Muskat, ., The Flow of Homogencous Fluids Through Porous icdia,
pp. 596-597, New York and London, icGrow-Hill Book Coc., 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 ron-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 ii. a systematic water-flood plan,

Recoverable Cil

The oil resérve of the Clympic sand recoverable by the application
of vater-flooding methods of cperation 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 thererrom, during the
several phases of production, to 2 minimum }imit of oil saturation,
This terminal oil saturation is & function of the re¢lative permeability-
oil saturation relationship. In addition, it was necessary to take
full cognizance of the factor relating to the economics of oil pro-
duztion. 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 feesible to withdraw oil frow the voids, but
continued opercztion may be unprofitable., Accordingly, the volume
of o0il that may be recovercd from the Olympic sand by the application

of water flooding during future exploitation of the various lease-
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holds represents the secondary-oil reserves of the Olympic sand in
this field. It is the volume of oil that can be recovered by
reducing the residual saturation eof the reservoir on July 1, 1949,
which is shown in table 2, to a terminal oil saturation equivalent

to 30 percent of the pore space in the sand. An additional fezture
of this method includes modification of this procedure by the
applicztion of & correction factor to allow for reduced permeability-
capacity of the Clympic sand relative to the specific ciass of sand
body.

It is to be noted that the Clympic sand in meny places in the
field has shown variable productive characteristics during the primary
phase of production., It is anticipated that in zones of equal thick-
ness, the permeability-c:pacity of the sand may be the influcneing
factor, if 21l other features are comparable, It is reasonable to
expect that little oil would be rccovercd by primary ..ethiods in
zones of low permeability. Also, in places where 2 thin scction of
sand had high permeability and the ratio of maximum pormeability to
minimum pcrmeability of the sand was high, the recovery of oil would
be correspondingly poor.

Cn account of the variable conductivity characteristics of the
Olympic sand, the basic method of computing oil rescrves was modified
to compenscte for variations in permeability-capzcity of the sand.
For this reascn, thc Olympic sand was scgregated 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 permeebility-ratic and reduced permeability-capacity
of the sand in relation to the sand body factor of the best class

of sand body. Actually, the correction factor for eacn icasehold

is derived by dividin, the square of the sand body fector for the
specific leasehold by the square of the average facter for the class
1 type of sand body. The average factor for class 1 sand body is
4L.35. It is believed that this correction factor not only compensates
for reduced permeability-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 cstimation of reserves
in these areas causcd by the application of a constant for intcrsti-
tial watcr saturation in thesc arces,

The residual oil content of class 1 type of sand body amounts
to 23,865 barrels of oil per acre as of July 1, 1946, This voluue
is equivalent to 664,.8 barrels of oil per acre-foot of sand and
represents an oil content occupying 41.1 percent of the void space
of the rescrvoir., The succeeding classes of sand body renging from
2 to 4, inclusive, showed residuel oil content of 21,936 barrels per

acre, 21,200 barrels per acre, and 14,514 barrels per acre, respectively.



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 i44.6 per-
cent of the voids in the class 2 type of sand body to 5l.4 percent

of the pore space in the class L type of sand body.

It is the opinion commecnly 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 Jeaseholds 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. 33). 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 2,471 productive acres. This is equivalent
to a recovery of 4,213 barrels of cil per acre of sand. As no
consideration was given to the problem of economics of recovery, it
is doubtful whether tris estimated volume of oil will be rzcovered
evin though the mechanics of production secmingly are feasible,

It is significant that the volume of oil which may be recovered

from 2 reservoir varies not only with the specific 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 dccrease 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
mad2 with this type of pattern in view,

The estimated volune of oil that may be recoversd from the Olympic

sand by the application of water-flooding methods to the various
classes of sand body by leascholds 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

Classi i ) Recoverable oil

of :Precduc-: tive : Rescrvoir :Pecrcent: ¢ Bbl, :

sand 3 tive: : sand, :void spacc,: of Total : per :Bbl, per
body : acres : ft, :thous, bbl.: vocids : bbl, : acre :acre-foot
i L60 35.9 26,682.2 12,0 3,205,171 6,968 194.1
2 1,790 33,2 87,855,5 9.8 8,0637,24l, 4,825 145.3
3 931 33.1 40,824,2 6.3 2,583,158 2,115 83.8
N 290 24,6 8,531 2.4 197,129 680 27.6
Total:

and :
avere: 3,471 32,8 163,515.0 8.9 14,622,702 4213 128.4
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However, this oil reserve represents recoverable oil by classes
of sand body where the oil saturation is rcduced to a minimum oil
saturation which is equivalent to a volume of o0il occupying 30
percent of the porc space, It is not to be construed s the actual
oil reserve of the ficld, inasmuch as many propertizs whose
recoverable oll is low cannot be exploited by water flooding at a
crude oil price which, on July 1, 1946, rcnged from ,1.09 to ,1.29
per barrel, and averaged ;1.25 for crude of 35° A.P.I. gravity, As
of July 1, 1946, however, the Government subsidy paycble as a
35-cent per barrel prem.um incrceosed the effective price of 35° A.P.I.
gravity crude oil to 31,60 pcr berrel, On many leaseholds the income
from the salc of crude oil is augmented by additional revenue from
the sale of residuc gas and gasolinc; however, this additional income
is small and has not becn 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 applicetion 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 rescrves 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 Ol;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 sznd body on leascholds which can produce at least 2,500
barrcls of oil per acre when the posted price of crude oil of 35°

AP.I. is 31.60 per barrcl, Gross oil production of 2,500 barrels

per acre herein represcnts 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 werc 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 estinmates cf
o0il reserves recoverable from the Olympic sand.

It is belicved that the estinated oil reserve of the Olympic
sand, as of July 1, 1946, recovcrable by water-flooding mcthods 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 econoaic 0il reserves recoverable by the application of
water-flooding isethods to properties estiated to be capable of
producing over 2,500 barrecls 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

. . . .
.

e, Bt . Recoverable oil

Clas :
of :Produc-: tive : Reservoir :Percent: ¢ Bbl, :
sand : tive : se 1, ;void space,: of : Total : per :Bbl. per
body : acres : ft. :thous, bbl,: voids : bbl, : acre :acre-foot
1 4,00 35,9 26,682.2 12,0 3,205,171 6,968 154.1
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 4.5 141,113.8 9.6 13,601,391 4,901 142.1
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The economic 0il rescrves of the Olympic sand and its corresponding
class of sand body arc shown by plate 34,

It is difficult tc estimatc the trend of the future price of crude
oil after July 1, 1946. It is believed, however, that the increasing
denand for crude oil will influence the crude-price structure, Any
increase in the price of crude in the future, therefore, places
water-flooding venturcs in the Olympic sand in this field in a more
favorable position, It is anticipated that ultimate rccovery 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 :
51.60 per barrcl for 35° A.P,I. gravity oil, including the Government
subsidy, prevailing on July 1, 1946, would result in a gross income
of ;521,760,000.‘

ECONOMICS OF SEU NDARY RECOVERY

Investigative work concerning the possibilities of exploiting
properties in the Olympic field by means of the application of
secondary-recovery mecthods so far has dealt chiefly with the behavior
of the Olympic reserveoir, Yet, the problem of economics of oil
rccovery to all operators is a vital nccessity for the profitable
application of the principles of sccondary recovery in the development
of oil producing properties. This knowledge permits the operator to
follow a definitely conceived program of development and, what is
nore 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.



An cvaluation of a water-flood project is subjcct to the
influence of so many variable factors that it is difficult for the
appraiser to ascertain accurately the monetary return from seccondary-
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 prospcctive water-
flooding property are depth of producing formation and type of
pattern, spacing of inpyt wells and oil producing wells, operational
practices, completion of wells, selling price of crude oil, and many
other auxiliaries toc numecrous to mention, but of common knowlcdge.

..s the developnent spacing of the Olympic ficld conforias to the
regular class of geomctric 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 secondery development.
In this type of geometric pattern, the spacing will be 660 feect
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 0,D. casing. It is logical to expect adaptation of
similar type of well completion in this field as the sand here
averages 1,789 fceet in depth,

The volume of recoverable oil in the Olympic sand and the distri-

bution of thc leaseholds shown on plate 34 have becen estinated
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conscrvatively as the oil rescrves from the respeetive properties of
this field that can be recleai.ied by the application of watcr-flooding
methods of operation, The leascholds constituting the productive arca
of the oil rescrves have been limited to those lcaseholds that arc
estimated to have potentialities for recoverable oil of over 2,500
gross barrels of oil per acre. Tnis oil rccovery per aere is cstimatced
to be cquivalent to the monetary investment in development plus the
cost of operation of a projcct under flood with & productive life of
about 10 years, Actually, the tangible and intangible costs for
devclopment and operation of a water flood, including taxcs, should
in cquivelent tc¢rms range from 2,300 to 2,500 barrels of oil per acre.
In c¢stimating the oil rescrves 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 acrc. This estimatc appears to be reasonsble in
view of thc 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 befcre the inception of
water-injection operations. On 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 arca. Consequently,
it is believed that no remedial work will be required on these oil
wells in adapting then tc the water-flood pattern as the permeability
ratio of thc gas sand and oil zone is probebly low,

Although the oil reserves of the Olympic sand have been estimated

as the recoverable oil from lecaseholds 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 leascholds and the
scope of the available properties in this field wider as it is
estimated that the break-even 0il production for a water-flood project
produeing from the Olympic sand could possibly be as low as 1,500
gross barrels of oil per acre. For this reason, it is possiblec that
many leaseholds showing recoverable oil amounting to about 1,500
barrels of oil per acre can be included as tracts having oil reserwvcs,
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 are being considered
for water-flood exploitation,
CCHCLUSIONS

The history of oil and gas production of thc Olympic sand is
typical of the performance of a2 ficld producing from a lenticular
sand by means of gas-expsansion., Structurally, the Olympic sand
is a monocline trending northecast but dipping slightly nortn 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
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these other zones the Cromwell sand has been the nost productive,

For the most part gas, cil, and salt water arc scgregated gravitition-
ally in the sand. The salt water is downdip on the north, west, ana
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 performence
of a reservoir in which opcrations have becen unrestricted with
resultant inefficient utilizetion of available reservoir encrgy.
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 thesc 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
charactcristics of the reservoir, such as modcrate 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,

Oof 13,202,994 barrels of oil produccd from this field, it is estimated
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that the Olympic sand has produced 12,989,817 barrels of ‘oil. :,I'his
volumc is equivalent to 98,4 percent of the oil preduced from all
horizons, Other producing formations arc 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 barrcls
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 producticn, was
instrumental in reclaiming an estimated 212,000 barrels of oil.

This volume represents 1 barrel of oil over normal 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 gzs, the net gas-
0oil ratio for the Olympic sand is 1,237 cubic fecet,

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 veids in the rescrvoir. 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 normel and gas-repressuring
methods by July 1, 1946, had reduced the oil saturztion 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, 1946, it is estimated that
future oil production from the Olympic sand by these methods would
approximate 1,387,000 barrels of oil. This would result in an
ultimate production of about 14,377,000 barrzls, or an average
recovery of about 4,200 barrels of oil per acre. It is estimated
that the average oil saturation of the Clympic sand after this
withdrawal would not b»e :wch less than L5 percent of the voids.

It is expected thal 2 portion of any guture oil to be produced
by continuation of cvhc current operating practices will be attri-
buted to the injection of gas. Prior to July 1, l9h6, this practice
had been instrumcntal in resovering approximately 212,000 barrels of
oil from £70 ccres conprising the leascholds which is equivalent to
244 barrels of oil per ccre. The efficiency of this racthed of
operation in terns ¢f volume of o0il preduced 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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denonstrated the fact that much oil rcnains 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 leascholds,
To July 1, 1946, the first three classes of sand bedy produced
12,841,001 barrels of oil, or 98.4 percent of all oil produced fron
the Olympic sand. Of these clesses of sand body, class 2 has the
largest total producticn, It has produced 7,505,595 barrcls 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 cil recovery per acre, but it is not widespread in this
field.

In estimating the oil reserves of the Olympic sand, the lower
limit of resicdual oil saturation to which the oil content could be
reduced efficiently was estimated to be 30 percent of the pore space,
The volune of oil recoverable to this terminal oil saturation wes
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., Becausc 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 thosc leaseholds capable of producing 2,500 or more
barrels of oil per acre. On this basis, it is estimated that the oil
reserves of the Olympic sand are approximately 13;601,000 barrels of
oil frem 2,775 productive acres which are economically feasible for
explecitation by watcr-flooding metheds of opcration, Such a recovery
would amount to 4,900 barrels of oil per acre, or 142 barrels of oil
per acre-fcot of precductive sand.

Because the operator of a water-flocd project expects to make a
profit on the investment required, it was considered conservative to
compute the oil rescrves only from those leaseholds estimated to be
capeble 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 cstimated that the actuzl 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 berrels of oil per acre. This represents the volume

of 0il required to amortize th: investment in developing the properties
and the total cost of operating these propertics until the investment is
paid out.

So far no attempt has been mede 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 scconcary development will increase the
economic oil reserves in two ways. If continued, the increased oil
price will extend the ecconomic productive lifc of secondary-recovery
projects, with a resultant increase in ultirate oil recovery. In
addition, it will permit the profitable exploitation of many propertics
heretofore considered tco marginal from an economic standpoint for

development by sccondary methods,
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