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U. S. Navnl Postgraduate School
Moaterey, California

Tb» author of tiilt tiMtfia i« a QmmmiMt la th* yalttd StfttM Natjr

•tt«MttJic tiM Orwiiuite School of th« tlnlvenKLI^ of ilttctfurgh undor official

ordora froa tha Chiaf of XamL ^eraonnel* In addition to hia oapaoitjr aa a

gndaata atisdaat at tba Uaivaraitgr of fittabBysh» ha ia alao a atacUait of tha

Itaitad SItttaa Xcf«I Foat«nKlii«ta Sdwol^ MoBi«Nr« Oalifomia.

In acMBpHinaa vith tha diraativaa of tftw aapawiatandaBtt 0. 8« Maval

Pavtciwteata B^mtHf tae aopiaa of thia thaaia will ba fofwai'dad to tha Httal

Ib tiM avMit of publieation of thia thaaia« oradit auat ba giv«a to tba

9. S« aval ?a«t<radBata Sohooli ia addiUoa to tbm aaual oradita*
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X« TllfliriBtfCT'BOli Xm^ WiStSUKKKtll^

Im idMilvsli of tiM otrifefMBM of ft BJwdaBlaK Mftv^Lnii iMMtfvolr ii

Idbi bMlift <lll idKMik HM AMHNPIWdUf SMdUMNMT M|3JL Mtim hff fWMMMMteliMMI jftwf ft

pRNlMrtKiCNB PMCPIH tlltftt ^rtll ylf^li^ lUift iwHljitWilli ftftfNMMdyn fVflM'lli^ H^y fffWiiyiftrff

fj^Tf^ l)ft bftMd WNHi Mil IbbsmSUkI^ Mid VMlftPVliiid&nc of tltft i^RTio^ of tybo

lltbOXoCf itf ^bft fWMWBiiX' f*0<llu tdbft CiHHNMfMiRiftllSftft Of tlSMB nMNHPINKtr fHiJll^
ftMl IAmI flPTiOi lddt4b ftOt to OIBO^ Off* jjif iMBt ^IM ItftHPfOlX* Ulllidft*

Ofto ^ Hm bftftio toflilft imiiljilifLo tiO tite ftoftonfotii'' andbuMH^ 111 tto

HiMH4ft& ¥fil.iiinfin oBMAtftft 4ooiAftplA to* (Mtel^UttHidUlb fWff MOddUSUM^I^UNHl llMNMitMi*

IMS iMKioKliSl ImAmmk oqpMrtElMi of dddlillNdo* ift M> dorlmMl ^Mtt i% ooa ftotwrt

ftHP iM3r oft% OP WKf oftriMflillMi of ^ho ttmio osHMMiAft* fftlj SM owl imeImmpw

llfeftft ftftOHiiftft tiMI OOMI ODftOO of tlMI nMMMiljPk li^ldil MUBOP ftOft 9li. iMft

O^MlAilOftif UMI IMNPfOfMMOOO Of ft MMHTVOir QOft btt JntlBIllflniltiOii OMl fVOflLOlOdU

fht litOMlMPO ftlHlftlai MBdl infffiPMitlOft Ott HM WNI of tfaO MMNidJIi^ >i^'^^|||i||f^

OttMrtKlMI tal "HHI ftMAjMltf of ffMO#VOCl# fMHKMlHWMI* SftOb ftWCLntiUl 1ft ftftiftSLlif

iioriionlort teqr ft ftorioo of ^ortft and gf«^ to Ulafttrato tlio potf^MMMOo of

thfti fMMVfOil** It 1ft ftfttftdU IftWftVWPa tiMA UMftO oltfVtft OBd ftflfttUi dool 0017

IfH^ IAMI IMWiftlklitt 4dr tVO OftftMttNBtO* tlM^\o tllO tldlVd OOOBMEMMMIt 4ft iMMMd ftlf

OOCHlUolPMt to Ibft ftHBtfrikftftt*

tlio fifi^oto of thlft pftpor ift to paraft«ftit ft new ond diffoffoat ao^flMd of

iBlonaffftfeiiifl Hm iMMRfiHNMBOo of ft riiiinitiiiirtnii itoliii'il oiiii fftftiipv&djp Isor ditvvSUttiJME

ft WMHI of iHftfttlVtlm IAmi IMfiftHOftft of tlW tiUPOO ftftmpBBWfeft ftilWOL-^KOOOOSKif

^

or ia othor nwdo, to praoiftt ft niftwol liiwtftifttitiiiUi of tho awtoviftl bolftBOo,

aOfifftftftOft Irft lll*ltll|tl*ll||j{ltf
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2.

Simply 9t9it9d, a inftt«rl«l bal^neo !• bM«d on tha prtulM that tba

It ozlginaUy prmoskt mmt aqpiaX tba aum of tba annsnt rtsaorad and tlia

MottBt ranalBiag. To obtain a iMitailaX balasea la tba oaaa of tba patroXaan

r«aam>lr« it i« naeeaaaxy to datwneina tha origiBaX voliime of eaoh of tba

floid eoapoaanta that oeoiJ|»iad tba "virgin raaanoir ^id ajpaoan mMnrt tba

voluna of aaab of tba asapaMMta that haa baan pvodaaad, and oaloulata tba

voIiMMi of aaeh of tba oos^nenta ranainlng in the raaarvoir.

Thm void apaoa in the pmtrolpam raaanwir ia oeoapiad bgr tba tbraa

taayaiwwtaj oil^ gaa and iiatar» tbat MBit ba aoeoantad for la tba natarlal

balanoa. The vat«r axiata aa a liquid both ia the raaarvuir «id at tba aurf^oa,

mA it* valWM alHOiaa onl^ a nasIigibXa anoant idian it 4a<M^p««Maa fk^oA

faeaimir pttmtmf to atarfaoa praaaara. Tba oil ia tba f«iaarvolF ttiU oontain

diaaoX^rad gaa. Aa thia oiX and dlaaoXvad gaa ia produoad^ tba gaa wiXl avoXira

aa tba prmmav radaaaa from raaarvoir pmaaora to aurfaea pYaaaava* Tba gaa»

aban in tba raaarvoirj» aajr axiat in two diatinot atataai aa fraa gaa uadar

aaiqiroaaion, md aa gaa diaaoXvad ia tba oiX» A» tba raaarvoir produeoa^ tba

praaaora on tha prodaaad fXoida dr^a Atom raaarvoir praaanra to aurfaea praaaixra*

diaaoXimi gaa coiaaa out of aoXatioa in tba prodaaad oil wnd joina any fraa ^bm

produead* AIX producad gaa undar aurfaea pr^&mrm f^ctfopXm • anah Xargar oXtana

tbaa it oOGupiad toidar raaarvoir praaaaro. In tba davaXopsaant of tba aat^riaX

baXanoa for thia papar, it ia InportMtt that carafe diatinctioa ba aade b«t«a«:i

fraa gaa and diaaaXvad gaa^ and tbat tba voXuaaa of aXX oeapoaaata mtariag into

thia natariaX baXaaea ba aatpraaaad in tba aaaa anita and at raaarvoir eoadltioaa

of praaaiira aad toMyaratara,
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3.

l9gr m» or « «MBMUmUon of tfaMt 4Miil«c winiwwl —it iiil«r drlirai, iSlsioXirakd

iM or dtpXctloa 4fit«» Md ^pwntlm gia wp or inri^tlmii 4rtv«* Zn all

ttoaa nBhaniwia IiIm dxlvlas faro* aota wImki th«r« it a praaaorg diffvnniial

Waiar atiaa aawra aban HlMia la ailca '"watar anafnaataaMl. dtea ta

aiaaaiTid saa or daplaUoii aviirv oooara aliaa giia oaaiag otti of aolatieii

1b tho oil* dtoo to rwlaatioii in imaai luli Liraaauru- ananaa aad aianlaaaa itM

rawraalr fXtdaa*

ttqpaaaiai jaa aap or aap'agirtiqi drhm oeaara ti^cn, ^^)oii rodaaiioa of

raaartadLr sraaaiHpa* lAia wMBiaion af llui iiraa aaa in %ha saaHaaa aiaiilaaaa ItlMi'

riaartair fXiaiaa Ijdia MUw tiM gaa-^U Inl iMi'faaa im Ite raaartalr.
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XI* JifffiMipf gf 9tt fiOHUM

tiM mAA apMM in a pf^sdMdUiK p«treil«ni imwrf^lr I0 wrotUjr oe««(psM

Igr tliPMi ttwyoawiUy (1) oiX and diiMoXv«d fgm» (2) frm siu end C3) «at«r.

A« prwittoUoa of tli« rMwrmir proe««di«« th* igpfim imoftied bgr tii« pfodeiw«d

tetlu UhUA tlui mgattM of th* wU 9pmm rmmSam Me^iMt ^tartos |i>t<Biillou»

tb* rolmm of «mIi of tho ooMpoMiKla iihlcii oowyAni tSMii ir^ftid ^pace i« iisdhi^oot

to dtiiigo. the oil aod diMolir^ gas tttXano will doariaiiB m pyodactiqi

inoiniwiilt. If ^bs livlfi^K MMiiMELin pfoii&BiMii^ Wut vvMNHnpodif Iji a ipMi <tflfa and

tlMHPa &a BO ttRdflf MafMMriidyivs 01^ boJjig piwlaaodf ^m ffoo n^a^ Yalano <fH ilT

iMoraaaa and tha 'Wktaf ^volnui Mj
iil'^ ranadii liiMiitiwI , If Hw dflvliiK aaahinlaM

ia a vaiar drivo, tlia watar volMna vlXl iaoraaaa aaid t^ fipoa gaa ipolaxae

wllX vaaaia acM^aBt* Xt Idtat di*i'vlag flMMBiaadjai &a a aonMnad waMMP and ipa

flM piifuit tit tida atttdr i* ^ dafalait a ilanaX m^roaaalaftien of

tlM i>orfiiwM«a i 9t a patrolatta fuaai'iulr bjr aaa of a tvlisoaia grapiit oo iMch

la tltMBim at «gr tlaM 19* a alagSia paint, aad vImpo a liiia plottod throu^

Aft iadailNpatalioa of tiMi iiarHoimnaa %t tha raaanolr oaa Im aida ft«Bi

IdMi tttdMofta aila% aad a MiMtaaiybMi ikphemhi ttatt adXl ylaiitd 'ttMi aaldam

tlM0i dMi Imo jpdJMiad*
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XXX* &msL>mm ormmmm nm as sirrum to is

« MvtBliSM Mid QlMkftMttlif«• oiT fsh* Trisonitt Plot

£i MQT MltnidlMi 01* flBiiitt%iffit ill mfalflh tlio mm of uarMi TirtiiihlMi,

frliitiliiiKi Mm kMMBu ^bs "Vs^kiM of tfe# tii&fid iMVlJiSb^ Immmmm iMMPilMMLf MP"*

PMPMlt« iiJMS thti iWI Otf ^Ml tlniHi MMit A^JMEW MMiil IMltiSr GY* lOD BMP MMrit*

thia «liwtilMi MM In» llliMlimlia flwpiil<i>tly Igr mm of Hi* toiseelA ^let*

^HfaM fflnlMMdiitt MMPll IkS Ml ffflflflf lffiMW''tll tSPiJHMpiM Ifl'tti MMAi bMM fl*MMPMMfltlslM| MHPD

BMf MMt> Mid MMb MMK IMMMMBE^M 100 DMP MMk Of MM Of tiM iiVlMt MMDMMHifl*

A^gr pOia% ttSMUdlA *ttM %Pi|^ la^ljl iMttMMNl HM MNHJiImI CKf tibV 1itH>Xft M^ tiM

Xa Hm mm of tho p«etrelMM roMwoir, the total pmm Hfdmrn of Hm

fMMi'VEKLF It talMB Ml tiM rsdTMNMMl tlMtfJl M^i fMBVMMBElHP XOO Mf MMl« fffdif

(8) fma gMI MKl (1) IMiM*. V^kMl tiM dtgVMI Of dlWUplUm^' 1^ tiMM tt»««

MNHMMMIHI IjI MMMMMd itt tMRW Of OMP MMdk MKkMWtAMOU tlMI MM tliXX 4Mlil»

XiOO MIE* MMIt* IQmA 'tifeM pCMMMMUEfft MIAHMAIiHI SA flilltlMl IMI (KtA f^Ulitafd Mli

tiM ^A9>8il« gMijph^ th« d«eM* of nBiwpiMMT of «XX tlanM MM^OMKita viU Im

IBMi 4ttMMNMBlii|||^ (pf Hm iHFlfMilfr fCUrt la that it giVMI fvlatllM M^l

not aetoftl iiiThmi, AddltlMMl MtXMdLaiUiMM (um fMpidUnMl to rudBim MtiMitl

1M2XM0 in tMNM of bMPMit Mid mAAo ftot to fiOiitvit valMM Sa tOfMI of fMT

t>lot tow ii if nftiiiiitiliMi MP aMMMnyi [iiiwfwiMia I tiM nUtttliM ***'*»** in tonM of DtKf

•Mri MMi b« vomMPtod inlo aetwa mOhoo in tMMi of bMrroait M0 mMo fmi%«
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B« 1Ijr,finii miT QfH-^flg ilMiMMi4in mi flslHralKlMi

idU w;^ tlMi fVMrvQir llsida firoa Hit fniwmli* Into tli* wtllt wiltr

Mw»i dU«oIiraA gif <Mff»y aai wpMnHtn jii m$ ijAfm* Ia tiMi «••• of *

IHiil^ 4MMMb Idhvi AMPMMW In oil. mvI 4ldyMMil?Wl4 flMI (MBlMMttloBk IjI iMite w> ly

ft f**ffFtfy*fWlitlB IttttPHMNI itt WSlMNf fSiMlWdAwt* III liW OMM of ft (SUM dHr^MIji tiMI

SA 'ttMl ftUL iMl ^liftftl^mill ftftft ftfttWMHliMI SJI NMit Vft ^QT ft ftlWfWMHilllIC

Ia tlift Acftft 0UI iiiRHMiliM# Pup ft ftMlKtotd mftftir mm^ 0mi #^1% tlMi

dMMMMNI ia oiX -Mid (HsftoXlTOKl Ifftlt ftttHHnMpdUMB 1ft tttdft ip 109r tft IJMHPftlftft Ift iMBilib

HM Hilfti* ftitaPftliiBtt Md IfeMI ftNMI gfti mtWIftlllilll tlM fVllll&'Vft iBMnNMMft of ftftOfei

iMtel MWpWlteHlX to tint frtjUfcjJi'Wf nMRi>%MAft 9f IUmI 4rt>VijH|g fWPWMI*

111 MNMMttfc ft trlgiiAo IjUMfttcfttSftft ftC 1^ iffxili of ^HiVlwc ftooiftnliMft

Ml liMi iftiftwilliit of ft vmmwlT, ft tlMVMdilitl wmtmnAr htm htm MMMftd*

UidUl ttMMPVtlftftX MNWfVOS)!* bftV tho foSJUMlflft tHftllfit llftli ftfttSttftftlKtai ftttHU'ltolll

Oil iftd diftW^'Wid Qftft flMlftMAiJMl « ^ oiHP owi

viftior (Coonftio) Sftl«f«tian » 20 pmt mtik

Vitm Qftft (Qftft Cip) SfttarfttiM * 15 pftr o«it

Potat A OB flaunt X rtprtjMitii tlM (^piglfliil ftftlMiitllAi OMdH^cMi of tlMbi

tiMKMratioal I'ftntYuir im ft tviionift plot*

*• Oftft riHl'Vft

Qmnpo cvh tue tjrpoft of i^ <iFlvft foi* fiit^iiwliiis ft fftftorfolJPii ,fffn|iinii^i|i|f|j^

ttft^ no TttlflFlfflti'fr IMAftlP 1ft PPOAMMKU ItlMI ftftliRntMlMfc JpdftlHatll M tlUI fMNNPfidUf 1ft

jHftiMii ^ ft iM ait<M viU £»21ov tho Uao AS Itt fl^ftfft 1« fhfti ift* tm mA
wt3L% witniwi of olX ftnl dtefte&vod goo lo pnMiBMid or I'MinoTifl fNB Vtim fviftifQlti*f

ttft flBMfto oooisiliid Iflif tt&ft luil^ mCLnMi nUli Im ^iH^tiiiiit w fiiMi ^bo* tlM
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•^ptMilMi iif iMm jilt qijii or )v ^iiNMlvtd gM wwrtrig oat of •oI;atioB !« tiMi

mffittlr» ir tor « wiifciiiltBii «f ItHli*

l«ft U b« ttMUMil tiMl tilt ^LX andi <id«i»lviA gM MitaraAlMft i»

tmm i$ pmt Mut to 55 p«r Mnt bjr gm» 4ilir«* If m tntWap tes Imnr

%» Mtiwil tw tho %oi«l wlami ef tlM figwmir. on Hhi tMlgiMil* yl4il «f

ihiii MMMPW^i* (ilcwM l)<i 4h4a imm intniratiliaiii MMHiitiMi is vnMNMHMted tar

If it •» hgjjiwi tlMI Miw (If tlMi •PiclaidL <mmat» w%«r 1« iiwuinii

te loiliMJt* % 4mrmm In both tte «il«r fttwraUoB intf ^Im oil tnA lUiiolftd

If an idflftX WKior dirlv« tlttuKtlMi 1« jwid Ump tlw thiorwtJwd

fflBMMPWilP* tkflMk WULL tw aO Bt<WHMBni df*0O in tte IMMKMNliVk so igHMUMuAMB «#

tlM mtm tapy «iiA ao 4iMelv«4 gM oenlaf out of iR»iiition 1a tho «ii« fh«ro»

Ibro, Um itpmm imo«t«4 l9j omIi iwlwt wiit of ftiiMPyuir oiX^ uith its

dULMolvod SM «U1X in oolutioat idll bo qui0^,1 ti Igr « bUHbI folswo wilt of

owomtitfiliHt or ^fi'Vifift •Niti«'» tiui o«tii!r»tioti fdotove at tiM vooorvoir i«

fagr tlho VAior (trlve ulU. foUfiw tHo U»« A£ la fl«(«i<o 1«

!>it it U« lAJBAOll ttel tlM Oii Mdi 4iAA0lfi*< 0m AAtaVAtiOA llAA htm

twmk 65 ym o«ot to 50 p«p ooAi %gr «At«r <Mv«« If tlM fABAywAr

lifBAiWfB hm I'BABlwil iH^ifBili tliA flftA ?AB (gAB wt̂ ) mi&v«Mim ytABlnA

At i5 p9tt AMBlf* «IMHWpMNI UkA AAtAi^ BAIHHMIMM MMKk AAPO iUlAfAAAA^ fMW



mm «l MlMfK te iw |ilM» Ml te«i«MM^ v( <•» jW lap «# 1*

am4 mm mmm « fjmm «ift ^ imv ^m^i-^ im «»f^ ffNI

im mmi mmmltm mm as jmmmmt wm %% iwtf ii m$m mm nvi mmmmt m
igi mm(mmnf<^-^^ <^t '^^t.tttmiu^ MmmmmiM* '^-•'''^ *''^'- smmuo^ mmt/mmmmmm

/5'.-..v?.ii.rv^.>^3 ;'^)t*r "st^i-t- h.-^Ofc'iNli-? fei «?U,*3Byji>^ »vi*T>b iStf^Mr X£«lil mtl

'mmmmmmmmmm^m^mmm^. am iummmm m ium mm ^mmmmm

^^m ^^^mm^^mm^m^ www mm^ mmtw ^pbHf ^piw^wi^ 9'm w ^ ^^pB

%AeMr*!ttiiflHr jfcf^ ^T .^.aAHrlHiMMr ^ iM» IMMf «( 1* ^..^.- w^ ^



20 'pmt <Mn% to 35 p«r e«»t io or^dcr to mmmat^ for tiM total voXwm of the

Tmmtmir* on th« tri«f»dQ jiXot of this rmmmmir (fi<iur» I) thi« mir

aatiurttUMi mtMUMk la f|»>giia»icl ligr point 4**

iithtr Igr wniniMtiai of tlMi giii" a>pt mt Isgr iW|iiin1<Mi of tiMi 4$m»Xymd gM «on&ai

Mt of oolatl^m or ligr bottu If tlit flifultnAio of tbo iini«r and goo drlTlag

fovooo «M tjaolf thWi for ooeh unit voluao of loooi'foii' oil pfodtaood^ tfao

Mono iPMBloA 1x7 thio tmit 'ioliHt *«l l't bo hnlf otHMjloJ tor ttv» isoM of tho

«^p«Mli^c !>• »% mA/w gM owiiWc out of oolationf onl hoJLf ooe^piod Igr

mmgmMa$ or driving mtor. Tho ooturatioa plotwni on ttio rootrooir lo

pfodnaod ^ ttiio ootlttimd drlvo niXX folXow tlio Um AC in flforo !• tlio mm
ootMfotion pietnro voold held if the goo drlvo eiiiOiKi' oaao fTMi tlio wyowdlng

iMHOip M^f Md no iiO fino est of oolotion in tlio rooorioir*

l#oi it bo oepined tbttt the oil «kI dlooolfod goo oetttmticm boo

boiB rodnood f^ran 6$ por omit to it5 por owt hf o iirtilaert 4aAm nboro the

wAor drivo and tbo cm drive ore oqpol. Siaeo tiM tO pmr oont of tbo iqpoeo

imilad by tbo prodaoed oil aod diaoolvod iM lo e^pall^ oooapiod by i^roo

iM an* ootoTi tbe eaturation of eooh is Inorenood ^ 10 per oent* 1!horefbro»

tfao Anm moo mitttiiokiett booonoo US oor ooieA nnd l^o ontor oatoirotlfiiri booami

10 por oeat* On the ^deoaio plot of tblo reoorioir (figure 1) tbio noir

iitamtiim oraditlofi in riprooiwt id tgr poiitt o* •

IfJ in o OMifctoid driiro oitoation^ tbo ntgaitnloo of tbo drivini

forooo are sot eqiaoly tbon %lm o«l«ration plotnro vill vnxy propertimiall^ o«

the ralotivo iwjlitlHita of tlM drivine fore^i* If tiao wa^tudo of tbo notor

drive foroo aBOoedn thnt of tlui goo drivoy tboo aero oil end diooolvod goo

idll bo raplnood tor vator tSwn %^ froo gaoy er tlw iawroooo in vnter ontoratlon

idll bo gWMitoi' than the iaoraooo in froo i^ oatastttion, la thio oooo» tlio
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saturstl^i picture would hm nypiwiwiicid on tho tri^oio plot b^r a line Ijrlac

htlwtw IXam m and A& ia ti^un 1. TIm gf«ai«r tli« dispIaewMiit of f<—ruplr

oil bgr tlia wt«r» tho olo«or this lin* will ^K^roooh tho Uao AD^ tho dtnatlon

of idool wotffir didiNi* Conv«r««l3r« if ^i« gao drlvo foroo iraro to prodoi&liiste«

fMNi tho fofotBoing dioouMiony it omi b« poatulatod that Uaoa AB and

AB roprtaoBt mapoetlTol/ tho liaita tfir idoal gM drlvo and idoal vator

drlva. In ff^tmt imnla^ iAmb tha BhimO' la aatnratloti folloiia Uao AD, tha

drliriag or diaplaiting foroo i» da* antlrely to water dH.vo* Whan tha ohanga

ia aatwnttion follova IJixm ABy tho driviag or dlaf>laiiag foraa ia ^Ha aatlraljr

t» SMI ^M.'va*

k* Datoniination of tha llignitedo of Qrivlac V^Mreaa froat tlM tfisonia Flat

la tha fnraaolnf diaaaandoik* it faaa booa aaf atiHaliftil that Hnm drlvlBK

or dim>laai^ fareaa ara liidiad bgr ^« idaal aaaditloaa r iyraKWlad ^ llaaa

Ai aad AD« It ia appairaBt that any ooide»iaatlwR of gaa aad itater drivo vill

anparopt that tha paaitloB of Ihia Uaa with wiiyaot to tho tao lifldtiag liaat

will bo wn iadioatioa of tha rolatiipa sM^piitiida of tho tifo drlTisi foraaa alth

paOBaait to aiMh afehav.

2a tha aaaa lAara tho two drlvias llMPaaa aro oonaidarod to ho aqoaly

raaoltiag ia tho aatitratiQn liaa AC, tho two drivtag f)oroaa oaeh diiplaoo an

aqpHd aaoant of raaarvoir oil. t&aa tho aaaaata diiplaaad fegr aaah driviag

foroa aro eonaidavad aa a ratio, a iina«tleal iadioation of tho aa^todo of

tho drivli^ foroaa raaulta* In thia oaao, tho ratio of raaarvoir oil dinplaaad

hgr sas drliFO to raaarvoir oil diaplaaad by wator driva will bo X/l* Thia ratio

will ba oaUod the DliplaaoMit ladaa*

Dia DiapliBiaaant Xadaae aay thaa ba aoq^raaaad %» tho ratio of tho change

of gaa aataration to tha ohanga of watar aatnaratioa, that iat
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U»£iurring to figure 1 aod the e«8» wh«r« ib9 driving forcm are squal,

polot 0*1 th« t«8 sAturation ohtncet tt<m 15 p«r o«nt to 25 per o«nt «nd th«

«ftt«r saturation cioaBges l^oc! 20 pear c#nt to 30 piir mn%, thoraforet

01 « (25 • 15) /(30 - 20)

• lA

la th« sltiMitiffia rapr«««iit«d ^ polzA c^» the fas saturation chas^Hi

tnm 15 per oent to 35 par oaot anci tha irater satiiratlon ohangos .fro!& 20 par

9«a% to 25 9«r eant, tb^raforat

BI - (35 - l5)/(25 - »))

« 4A

In tba situation raprasoatad by point o"% tha gaa saturation ohannas

trom 15 pear oant to 20 par oent, and tha aatM* satiation ehaagaa froia 20 par

oant to ^ per oantp th«raf<»^t

W « (20 - l$)/(40 - 20)

» lA

Xt is obvleuSf tkan» tbat a Diaplsoemant Iiidax lass than lA *ill

Indioata a pradoRinaBt water driva^ ahila a BiapIaeaiBant laciax graatar than

lA will indicate a pradosinant ^as drive*

In dataminini the Elsplaoafitant Xndax ttfm tha change in aatiaration^

it is naoasaary to take tha diffarant saturations in tha proper vaotorial

dlraetionn that is, tha later saturatl<m anst ba ^Maokedfroei tha aarliar

Mttiration* A nafativa riaplaQ<iKt9nt ludmx. will restilt whan tha free gas

saturation is raduead bgr a amt^ driva^ or tha witar aattiratlon la rwinood b^

a ^k» drive*
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It*

C, C4l«ilatiaa of £i«t* twt th« Trlg»ai« Plot

la w4Mf to obtain v«1»mi fi»r ttse «ft tli* trigeaie ploty It is aoc«<su7

to hcv» {MPOdnetlon and l^wmtoxy data that idll pamit calenlatioa of (I)

meigiml aatarmtioti oooditioaa &t tbm vkrs^ r«Mrarvoir« aod (2) aatiunition oon*

ditlons at my tl»a» %, aftar pzodaetloo haa atartad*

Hia aquatlona to ba tMMd la ealeiilatlag tlia origliiBX aad auaequaat

aatazmtlon kUI b« daeiw^d la tha folIoMlBe paraipraplia, Tha aaaaoelatura uaad

la tiMMM Mpatlaiw la «a foUomif

% * total pora voluae of riMarvoli't barraXa.

7^ • pora irolaaa originally oaoo^lad bgr ell aad dlaaolvad gaa« bbXa«

Tg • pora volMia «rtgl«alty oaanplad by fraa gaa (gaa^cap), bbla.

\ « pora volaaa arlglaalljr oaatylad 1^ «at«r (ooimata}^ bbla.

1^ » vo3wM of raaarw«lr» la barralaji ooaoplad bgr oil aad dlaaolvad

gaa aftar prodtiotlon to tlaa t«

1^ • iwlaBM of raaarvolTy la barrola, ooouplad ty fr^a gaa aftar

tiriNliiolliiii to tlaa t*

% « tatoaa of raaarfDlr» la barrala^ ooov^^lad by nater aftar px^^*

^mstifm to tl»a t.

%g « orlglaal oU aad dlaaalvad gaa aaturatlon of raaarvolr*

3g •» orlglaal fraa gig g«lni«lioa «f ngarvalr*

Sif - orlglaal mctar aatiiratloa of i aaai"a»li' (oil aad gaa-oip aeaaa).

itg « olX aad dlaaalvad gag aatafsHaa at tlaa t*

a^ • fraa gaa aataratlon at tl»a t*

ag •> irator aaturatlen at tlaa t«

m • aaaailAtlira barrala of atook taak oil prodnoad to Um$ t«
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B « HftVNKtion volurai f^etc^f i!bm wohmm ocoopltii in barr«lc la thm

resorvoir at p-ntrnmr* F bjr on* b&rr^ of stock tank oil plus

tim fiftt: that vUI cii8«:»lye i& it at tlict |pr««»ttx«*

M^ « ofdi^^LBal mOtta of B«

Ot • nolenMit ill 3Qr» of cHaaolvad sat and fk*a« gaa initHftllj in tha

raaartmiF*

T • gaa iralMM faotoi*} tfea vo!S»Ba in totnrvia oaanplad la t^ia raaarroir

at yraaaare F ^ ana SCF af gaa*

^p • ofliKiaal ifaina of •

r « diaialyiA saa-all ratio at anr prMiri Ff tha amter af

80r af fa» ia aoXutloii par barraX of atook taate oiI«

«W • oflglaal ial»a af r.

Sg^ « aMMlatifa aataal gaa iiyttJuit ta tl«a t» la SCF,

Hj^ •» awMlatimi saa rali^aetad to tiaa t» in SCf•

1^ * aiMOatlva aat gaa firodaaad to tiaa t« in SC7, £t«al to a^ •» %.

t% • onmXativa aat imter eneroa^uamt to tioa t» la barraXa.

«^ •» amdattta groaa aatar px^od^iead to tiaa t* la tearrala.

w^ * aMnlatlva aatar Injaatatf to tlaa t^ la barrala.

1^ • aaaalauva not laitar pradaaaA to tiaa t, la barrala.

f • raaarfoir praaa»ra at •RQf tiaa t*

P^ ^ arigiaal <9alna of F»

8Qf •> Standard Cuibda Foott ana <nU»ie foot of gas at Standard

QoBditloaa of 60*f, and lii.7 pida*

It ali8«ild ba pointad oat that the total pora volana of tlia raaarweir,

^Xf !• tha porn falawa erifiaall/ oean^iad bgr tha aonaata natar^ Isgr tha oil and

diaaoXvod gaa« and bgr tha fraa icaa (isMMWp}^ ani daaa aot inelada wasr of tha

pora lolana of tha faaarwoir aand that ia aaaapiod hgr vdtar balov tha 9il««at«r
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m.

inUrfaiM. TIhi oslgiftal imi«r Mtitrftticxa mmA in tb« trigonle plot !• dat

to tb« ocmMt* Vittr found in Ui« oil Ami jpt-Mip •onM M d«t«nda«d by oort

X. DifUwrinatioH of Oil mad DiMoIfvd dM ^ntfupstioa

Qm «»1»m ttf the r«Mrfoir oflgla«lljr oefn3|>iad by oil tud diMK>lv«d

fM i« b«vt datcndaed froM g«c»Xogi««i iaf^MnneMimy tiMt is, tli« ai»db«p of

«mr»»f««t of ^rodui^itg fointtion ooatiiiiiiai oil moA diaaoXvod ^^m, Iho oil-

gM iiit«»fMo aad th« oil-ifBtor ixktorftot is tho rwMMrvoir ami bo knoim with

yooaonatolo aoouxmoy.

If 7^ oqusla Uw totftl perm ^mlmm of tho i«sai*voir, 7^^ oq&als tho

poro voloae mrigiiMilly oooupiod by oil ibkI dinoolvod gns, oad 5^ ropi^MMcl*

tho |>or o«it Mtvantioa by oil moA diooolTod $*• thoat

^og • VogAt«100

fho ofiglMl mJmm of oil ml disoolvoct goo isi plooo is «lao msi^wumwdi

la t«nM of ^amOM of otook tank ^1 moA iim flomotion wlant I^Mtor} ooi

«adi

A« prodsotlon of tho r«oorfoir pitn»ito» n btrrolo (oomilAtivo) of

•took toak oil Kf prodMod md mmmofmd imdor tftmdMPd eoaditic^ts of prooours

and tw^|iiffit«aro ftt tho surfMo. Iho anonat of dtoi^ tank oil romaining in tho

worteir is thoa (S-n) barrola^ and tho mlsam of oil and dioaolirod gaa nndor

and the oftt^mitioii uador the um oeaditioM haoawagt

2, OatofwtinHoii of free Qaa Sotumtien

Ilka voltuBO of tho yooarfoir origioaUy eaaapiod by free gaa ic tho

g«»*oap is also boot dotenaiaod fran goologioaa iafoxvotioa in tho mmo mmmp
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$M tb« voI»nc of oil tead dtatolfiKi gM« Tbmif if Vg «qii»ls the port voDomo

(in bAiTOjU) oilgiaftU;^ oocaplod ^ f]*M leM md 5g npnmmaXs tho origliMLL p«r

e«ot MttAumtioii l&gr f^'o« gftst

In d«t4MnnliiiBg th* fro* sm Mtujwtiim «t i^nxtaeUoii of Uw retwfolr

U^fonmdBf »ef«rmX fMtore aMt b« oomlterad* If tiM rot^rvoir promrore has

ditipIN»d to ft i«1mi htiUm tfew Mdttiwtioii ^fWMMMi |^ in oolalioi} in tlie oil will

ovoXvt tMd hmmm tm% §••• 8qh« of thia ofolvodi f^oo gfti wHl osiicr tho gas-

0^, ootto nUl bo i^redBoody «ad aono ullX roaaiftixi in tbo oil sono in tho frto

«UAo« SMb bMTol of roMTVoir «U ontov^ tlio wall will ^Xm oostoin dHosolirod

gM tliAt idXl bo Mporoiod fron tlio oil «t tlio oorfBOo.

If all go«« froo aad diooolvod* <«rlilniU^ ii& tiM rwoiroiy io ooa>-

^poriod into « vo2»m la eo^e foot ot rtimtard owaditioiMi^ th«Kt

Total gM (dCf) » Ot » ((8/vo>«r9)

Aftor \ ottMolotivo otandoi!^ ouk&o foot of §m hmm boon pvodoeodp tho voliu&e

of CM nMMldl9£|JHK itt tlM f*iMNPfOiP vlU ItOf

Of tho CM yiiiidiiNt io tho raowrvoir* r SQf «Ni diccolfid in oooh of ^« (K •* a)

tanpils of oil Till litif In tho rooorfoir oo tho froo 9m i^udning thoa nHl bo«

f9m CM PiiiolBlint (aCP) « (<H • »^ • (X * n)r)

If l|^ wMiliiUip<o dMteil oiMo foot of gm hmf hoM injoctod into tho roMrvoir^

^m tho fy<oo gM rMrtnInc in tho iMttiiilr MCt ho JMrtitod i^ thli oMomt, soc

f>oo ^10 rowolniwc (9^ « (0^ • Hgi « (I • ii)r '•' %)

9m cud % 9af9 fpoQMBlljr ooohdaod into • ff«^<> m^Mo titillt^ tho UMiilotitiiB not

To ro<hioo tho trm goo rosaoisizig from 8C9 to borrolo ot reoorw^ir pros*

Mfo Md twyoffiitorog tho finpogoing oqnotioii id Mltipliod laf tho cm ipoImo
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fAotCMT, r, oorrfttpondlAfc to the r«0«nrolr pr—twtif ?* Th«tki

v^ (bbl) » (G. - R^ • (N - n)r)v

TIm fir«« fM taturation^ uRiidl«r %h» tmw reservoir oondiltion»» is them

• ^e^t * ^^

3* r^emlnAtion of ntXer f^aturfttlon

In the eetatollsteent of the total pore voXxuie of the jreserroir, it la

«3Mid«red that notm of ttoi pore apaoe is isltiaXl^ oootpled by eneroaohei} water*

For this reason^ the olI««iater interface ehoald be located with reaaonable ae*

curacy • The aaoont of o<»mate water occupying pore space in the oil tone and

gaaocap aone la detemined Trom core analxsla and electric loga* Tha aomuita

water eaturatioo la then taken aa the initial water saturation of the reeenrolr*

It is eonsidered neeessary to inelode this connate water saturati<m in the cal-

culations, sinoe, if some of it is eventnaUjr prodntHud, the decrease In imter

saturation nust be reflected in the trigonio plot* On the other hand, if no

•enaate water is prodttced and water encroao!«M>nt is later erident, the subaa-

<^MHKt water aatoration will be a value higher than the initial saturation which

was due solely to the connate water*

Daring production the degree or asMrant of water encraaehnent cannot be

raadUy aaiasured. ilowever, since by definition t

•^. • s^ « 100 por cent
OH g V

and t^ and s can be oaloulated frcn prodactlon data, it follows thati
Of s

a » 100 • (a '*' » )

F\irth«r«ora. when the Talues of s.. and a. are plotted on the trigonio plot,

the value of a is autooatlcally established*

The astabllshaMnt of the water aaturation, a . aa Indicated tbov^ la

all that la necessary for the trigonle plot* However, if it is desired to

datenalAa the actual volu«e, in barrels, of the «ieroaobed water, the initial
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wsgr «(it€r ^wirit—tl WMi Ini asklad to M^ «»l ^Ni QUMnlAMiro iiK»3jQf»i of ai^ iNit«r

or siB^i
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If. mmmL wmmmAnon or kcrskL msimoxm

A« 71m 8«teiler 4mmB &ksA PooX

X« Qmanl Ottorlptloa and Produetioii EUtorsr

tf«p, «{]prc»dUnite3^ four wilm loK^t «««t «Mt wasti mad one antt iw-hdlf ailMi

vide. Httdjaw oXosiurv of tbe rtinnroiy !• 135 feet* At«Mt« <&«i»tl3 of pro^etlon

i« 7»iiOO fMiy id^ tiM iMM>iX ooBtaet «t «?»270 f««t aaA tlM» imt@rH»ll «»mUot

St -7*370 to <*7«380 foot*

TlM rw«nR»lr roek i» ttM^Mwi of flao to utOim liso Mad ivtias and

la aot MsXtwm, tmA ooaaivta of aa&datcno omaa lat«ar«|^anMKl vlth ahaXo* flio

atvemge povoaltjr is 20*2 por oont and the cnviga jnnaaaLilUty !• ^00 atU*

ll^Mfdum* CkimMito utttor satumliM i« 3$ p«p eavt,

flMt avigiiiiX woilam of tho f«Mr«eijry aa ciiiianalfMnl £ron ooriag anA

ilaetfle iam^f ^ X^OOO aoro-foet vltli npfMraiJiwitaljr I50«000 afir«»f««t of

adUL Moa aad UfOCK) aera*fooi of gaa aap *

Qhi flaiX4 waa imitlaod in fvknemry 1^ aRt4 • iaa injoetioa prtt^jmt waa

atartod Is ^oXy I9iil« In iliOy IM a watar iii,^wtiaii |>i<ogf«n was ataartad* F^tob

diaoeffwy luitil %km atari of gaa Injoet&oa tlia flaM predeood apprflarliiataly 19

Ulioa barvil* of oil «ltli tlio trnmrmiw §mmmrn ^snagpUm tf^^^ 35^ to JSkSt

pal*. 1>«B ^tai atart of gaa Injoction to Ker<^ I950j tho flald {yrediiead ap**

1^ to 1432 pai«* Car«f^ pwdaatiaa aad niiiwia mms4m hmo btan bwpt on

thla fiold and ofttorUI balnee oaXeulAtloiia indi4MA« appfwdattta}^ XOO iBlIllon
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««r«. a>K»ia^ mm mmmn MMMfeirt mIm • 4^ itoi <I a«^jc ^M «|

U ^B^mtunm " OiJMt Mia •<<» nwlMfHa »» t» #Ml» «i» SMm
Mj^p^^r ^s^ SttlWMt^ MMMiq vlMiMM «» 4»4V ite ip lusrssse mtUAm

•^ ftMMaFj^ i,.£«|i Mf# ^isHfU 0tmm «t MllMM^ Mi to ^MiNl ti^ M«^ .Ant

oe ^ra.r ^.^f vKiir Mmm Wlll lH iM tllllMOiit «A»M& .«i»« l»Uu 3i SjmU

aMi.u« u^ ^alMtit iiip •MUtel MBltfauTMiM MMlM IMmMi ten MUtl aJWi

«YJt0fMM« «# iKl mmiq ml icIJm%£m XIo Mmi HM^ to tCMMtf



IS.

PrBCtefd 0m hM b<Mi smkI •xaliSMi'wilar for riiBj««tioii» «Bo«|>t tor a

IMNriod in X^tii^^US «Nb *nak* op" giMi «•« iw9»r%td* Doriog this ptrlod sort

AMI wui litiMHbfed tijutti inniNtMiit idilflh rMttl^wi is * dMDPauht in tiMt tauttlM.IA.'Vt^

2. Mifwiifl Plot of S<iiBl«a> ^onM SMift F«til

flfwt 2 Xb ilkB %3fi(gmi» pl&i for ttw S^nHar ^iM* anKl Pool and ooiPim

X9^« R—ti"roir elMf«0t«rl«tle«» flnld «iuur«oteri«U<»t and jfu^xittetdon ciata vmA

in twTirttlttrling tba iwOUmmi Xot tha ItviMMlA plo% and tiSMMMi aiHanJjiiliadl *aa2MyMi ava

3« Tflftnal lalagpretatAaB of tba Ferl^omMBoa af tlM S«lnilar ^enaa Sand Foal

Paint A an l!l««ri 2 riyytaiwta tha original aalnraU^ aMiiti^iJt in Dm

yiiMfiwii* at tlMi a^ d&Mafaisr* TlidUi waturatloti aantttlMi wun

Q^ and diaaolvad (^as aatiuratian 63*3 par o«»t

ytta flia aalaralBlMi X*7 pap atttt

MaHar aatvoratian 35*0 par aivi

Point B rapraamta tha aaturatlon ooodition in 4an»aiy X9U2y aix »ontha

aftar gaa injaetion waa atartadU OiX and diaaaXvad gaa aatns<ation had droppad

to 24««8 par eant, fraa gaa aataration had inaraaaod to Xf«6 par ocnty «hiXa

watar aatormtioQ had ranaiaad praetieaXXy oenataitt with a vaXne of 35*^ par o«Bt.

Wiaaa tha wXana of tha nmrnaAjp vaaatad bgr tha pfodaaad oiX and diaaoXvad gaa

had boon oceiipiad aLaoat aoXaXy Idgr fraa gaa, it ia avldant that tha driving

mehaniaa produaing tha raaervoir bataaan pointa A and B mui a gaa drive* Tha

Xina ffon A to B oXoaaXjr i^readUaatat tha aitnation of an idaaX gaa driva*

Point C rapraaanta tha aataration ooodition at a tina batwaco liareh and

BiplMliar X9U7* Batimn pointa B and C, both watar and fraa gaa aataration

iaoraaaady iadiaating a ocabinad watar and gaa driva aa tha wachanlan prodacing

tha raaarveir* Tha trcod of tha Xina batwaan pointa B and C indieataa that
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ladtK for thia iat«rv«l of prodnotion is l*Zk/X»

Folfit repr«««8t8 tb« tfttaxtttloti oonditUa in Itaroh 1950. M«tinm

r«(Btia«:l ftlaost oeastant. Thlc faet «Qd Urn tnoA of th« Xiao botiDMn politta C

iod indlemto ttmt an idotl nator dzliro vm tlM auieiMyQltn pro<toeiQ$ th« rwMrvftir*
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B, Tim iNtgncOlA n«ld Hejmolds Umi ^eeX

i^nglniftnc dAt* froM the Bur««u of Msms Import of lovMiigftUofift 3720

(X9U)f 9aA tmoiln»X data fros tho ArksnMui Oil and Oas CoigRlMloB •• glvon Is

nnKm^ h«vo boon oooo for ooXooIoUqc ill* vilnoo for a iriceiile plot of tte

KigMlift FloX4 Iignol4o Lino Pool.

Tho MogBolia FlotXd lt<Qmold« Liao Fool^ dioooYorod i& Horob 193@« is

eUaol fold, 6 niloo long tad 1 1/2 wlloo vido* HaadyHni oloturo of tho rooorvoir

lo 321 foot.

tim yoioitoir raok io vet odlitlo linoot^mo vay^ying trim a poroos, highly

poraoablo, oowotinoo oaTomoos o$lit« to doooo, granalar liiMurtono of low poroait^

and portftoablllty. Avaz«ge pofoaitjr la oatimatod at 16,32 per oo»t/ mn^ a^raraga

pawaaabllity la 1,500 nSniidareiaa* Goiuiata vatar aatttxmtion la 20*0 p^r eteit*

Tha origiiMl iroXunia of tha raaarvolr la Itl9»550 aoro-faat with 3i«5tS50

aoro-foat is tha oil soma wad 7U,000 aora faet in tha gaa^oap.

l^noB dimaviaxy itatil Juna 19U6t tha r»aerioir had produead approxiaatalsr

S3 Billion barrala of oil and $2 billion oubie faat of gaa, vith a drop in

raaarvoir praaaura fron 39^30 to 2,8U pala. Volaaatrie oalealationa indieata

that approxiMatoly 2Uk nllliofi barrala of atook tank oil were original!/ in plaoa

in tha raaanroir.

2. Trigonia Plot of tha MagBDlia Field Baynolda Xdna Fool

Figaro 3 ia tim trigonio plot of the Magnolia Plaid Haamolda Xdaa Fool,

and eoTora tha period of prodnotion frea diaoovaz^ in ^larch 1938 to iJune X9k^.

taaarroir oharacteriatioat fliiid characteristioa mad prodoetion data uaed in oal-

oolatiag tha valiiea for tha trigonia plot aod theae ealoulatod raltiea are

tahiilated in Appendix II«
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3* friiOBAl intwrpretaUoa of th« ierfomtumi of tli« l!iigno3.i< fUld a4groolds

liM FOftX

Foint A til fl«im 1 r«pr®8«Q;t« tli« ovlgliiia MturftUon eondltloa la tbm

fWM'foir «t tiao of ciiMevttfy, ftii« •fttuiwtifla «oiidttioiii waat

Oil maA dl0»oXved gM Mtkumtlo& 6$«S> p«r e«Bfc

V)Ni« iM aaturation UU*! p«r MKt

llfttir Mtaimtlon 20*0 per o«cit

Faiai 8 r«py«twt» tiM mtinnitixm omidltloii at «^^;>re9d]Hat«Xjr 4iafM» X9liii» iiSjovi

six yvart *fi«r di«eov«ty of the r*««nfolr« 311 and di«»olT»d &m satiuratloii

had dropped to Sk*^ p«r «Kit« fr«i §•• Mtomtlon had iaerMttwl to 20«3 pi»» o<Bt»

Md McUr Mtamt&Mi had iawrimd to 2li,9« tli* i4Mr«Me la both t^ firoo g««

and th« vstar aatttrttion iitdioat^) that a ooodsiaod witt«r mvA. gae drive was tiM

drlvlag aeahmiiw pfvdaeiiig the reaervoir diurlag thia period* The ^rand of the

line hetveen polota A and B ftetrther Indloatosthat the aagnltade of the gaa drive

wa aboat eqiiial to the M^dtode of the wtter drive« the olapXaoeiMmt Indmt fcr

thia latervml of prediAetlon la X.06A*

Foist C ripffaaanta the aetttratlon oondltlon on Jwm 30| VM* Betaaaa

polnta B and C the water aaturatlon inoreaaed ahUe the free gaa aatumtlon

and C ladieattethat a vat^ driva, nypwmililt the idaal« ««• the Ma^MmliBi

producing the vaaartair* Pl.^plaaaaiaat XndaK fos* thia lfiter?al of prodtietl«s la

lAo.U.
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Thft dxlvittg mqiMwlta for tho inliial ^mhm of pnkhiotiofi of tlio 8<dialor

Soum BmhI Fool (lixi* iMp fifing 2) «•• mdiO^r * <^l«ioIir«d goo drlw, Thlo ic

oXoo isidUUwIod lagr tlit ivi^rooiiiblo 4m^ in rotorMiir pvmmm% ^tatixm tide i^iooo.

Dmi 4lft«lai iiKOhwiiiw l^r ^m toooni pliMM of |»potaitioa (Ubo BC^ fl^pnnt 2} woo

ft atiiwlnid imtor iod ^m 4rlini« oad for tlie UdfHi ph«M (Xiao CD, fi^ur* 2) imo

vfttor <lri'vo.

Hw dvivios i^fliiiiiiliw f»r th« laitiftX pihMe of pwo^bm^om of tho Hognolia

fl«14 fUt^mtldm ISMm ?ooI (lisio Jl&« ficm ?) wwi » oMMaod «ftt<Hr «id goo drlvoy

and f««> tiM mmmi phMo (lino iC« fi,g«ro 3) imm ft ifttor <lrlin»« fb» immiAjaAm

4id^pifig offoot of tlw witw* drl'vo In tlift WipftJIt lldltf i«gf»ftlift Uao Pool woftH

jyodioato * h«r<l«r wotor drlvo, in thin pool, thin la tho SoNilor ^qoob aoad P«^l»

fbft higtiftr pMPiMMibiUtgr «nA tiM OK&ftteioo of oiwigpouft ipftftoft in the Eogmoldyi

Uftittftnw ifoii!U ftoty in pftrfcji to ftooiit In tl)9 rt,nid osteroft^aeflcit of driviag nfttor.

Sntliig thft oortatood tifttor md $tm drlire i^ftto asid tho iMtor cjbrivo phftfto*

tho pMrfonoMftft of both rooerroirs mm rmmM^ iiwllftr* ASttar tbo oil aiKl

4iftoolTod fMi ofttoroiioR hid. bom dooroooed l^ Id ptr ooat to 12 por oontf bgr

OiflbiiMid witor «ad gfto drivie^ the wit^ driT« took omnr «• tho driving AOdiifiiftBi

pPoAieins tho roftorvoir. thio «^li«igo«ovor twem o cosibinod drive to a vfttwe* drive

possibly is d«o to -Uie inoroftso i» tho witer relstivft ponwahllit;^ timt acooa^fto-

ios tho inerooso in wotor ssturstion. Hcmmer^ it imst ho pointed ont that the

wstor sfttttmtlen indiofttod h^r tho trifonie plot is not tho ustor Sfttiirfttien

thzonghont tho ontiro rosorvoir, Tho wfttor ftfttwwtlon in tho portion of tho oil

tons iiwsdod hf wstor vill Im vor^r hi^^ nhilo tho ifstor ftotttrotion in tho laa-

invftdod portion and tho goft-o^ will ho dot to tho ooaoftto «ftt«r orIjt* It ift tho
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KhiX« the trig^oaia pXet wiXI prervide a m»Atm of ioiisrprsting tb» oTer-«Il

p«rronRane« of a produelag petroleum r«s«rvolry it has e«rtain ^finite IIaI-

TlM {rlffior^ Xii!dtation of tfae tri^^wiic pXofe i* tlia% it win not di»-

tliigttiah of itself bstmtmm a dissolved ^kta tirivu ai^ an OEpaisaing gas-cap driTa*

This liifiltatlofi applies to both tha idaaX gas drlv® situation and to th« gaa

driTo p<»rtiQii of th« ooi!^in@d imtar and gas drive altt^iatiOB*

In using the trlgonic plot, it ssHit b« kapt ooeuBtantly in mind that tha

aaturations giTon by tha plot aro the ^oss satitratiDns ftxt thm entire reservoir

and are not the aatixratioits in different parte of the reservoir. The trigonie

plot does not reveal what portioa of the free (|aa is iE the fis^oap and ehat

portion is in ths oil «om^ in the iree state. Similarity the trigonio plot will

not reveal how aoioh oil raasains iA that portion of the reservoir invaded t^

eaoroaehinf or driving eater. This is partioularly ia^>ortant since it is the

ell recovered that pa;/s for the oost of produotien*

In the <tovelopKei^ of the trigonic plot as a wmmtm of Interpretirig

reservoir perfomanoe, a theoretical reservoir havini: free fM in a gas-eap and

a eater drive vas assuiMd. The actual iHHiervoire used ter illustration also iiad

gas-eape and eater drives. The trifaciio plot can be used for a reservoir that

has a eater drive and no f^s^tmp, if, at acgr tiii$€^ dturing prodQcti^a, tr^e gas is

present in the reservoir. Where there is ne water drive, the saturation picture

<m the trlgonio plot will fellow the ideal gas drive line AB, figure 1«

It should also be pointed out that^ in the final stages of prijsary re*

oovery* Tttoeof the resconrolr preesure is low, the wAter drive wiU produce or
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«ai^ fra« &m m ««U as oil mS. dlMoXved pM, oa tb» tvi^ooie plot^ ^ds

•itiMLtiOB would vMoXt in a trwid of Mituiwtioxi oaiodltloiia indlcmting that th«

iHit«r dilirs i« dieQMdiag tlis lUdt attal»llifti«d for tha IdmX miter drlirv.

la r*i|»ct te the ro«i<&aX oil left ^ a valar driytt^ It la of iatcraat

to Qota tlMi fWRiXta «^taia«^ in Vm labomtoiy liy Salagnn^ iidio iia«d gaa a«4

miir dM^VM an a Im^ eera of li^Uia B2jr iaiidtolatta» an^ t^a mmmtmA tkm

raaidual oil* BtSU«x«a oonsliKladi thatt "l^lataaaaaa of ialtial gaa aatuvatiozi

tf IM ia4aetio% t^atb^r idtli aa iaeifnaa ia iiatar aalaumtltiKi ^ watar input*

i<a«aXta ta lemm^ timX oil •atio'atioa.* tlui afVtata of Dhaa fM aatvo^ati^ on

oil raoovoi^ hy water drive hae bam iaveatigated %^ Boliiipp«n aai Morm!^, uataf

tha XoMK aefo of lalTIa V^ MMdMioaaK flMiQf MMiliiMla isliatt

ianraaaad Igr tlia aaiataaaaae of fraa ^a aatafatioB ia tlia raaarvoir
<lBviag tlia floodii^ oparatioa* fhia ^faet ia aoooi^liabad by

Hm aaanpaliaB %gr gaa of pw ^paoa tliat >faiildt othajndaa be filled
with raaifi^ial oil."

If ttNi favafBiag aoa<a.aaioBa are iffiliad to the trig«iie plot of tlia

pmrtptmimm of a reaai
'w>ir» an iaelieatioa of altiaate oil raooyar/ om ^ obtainecU

That iSf if the tri^onie plot ahaaa aa apj^raeiahle free g»M aattsratioiii imel^

the aatar drive pbm% a higher altiaate reoeway oaa be ei|»aetefl thm if no free

gaa ina^ praaaat* Bawimr* it aaat be -Taairtiiiriiti that the firee ^aa aaturation

giiree by Ht/i trig^de plot doea oot diatinguiiS) hetnaaa tme gaa ia the gaa»ei^

aad free gaa ia the oil aotta«

It i^peara thim^ that^ ia the eaae of aa aati^»li^ed active water drifa,

it aiglit be dealrable to ianara the preaaaea of fvea gaa ia the oil aoae ^f

gradaal or p^riodie flaah redoetioB of the reacrfo&r preaeare. fhia waald have

the aaaa effect aa isaiiitainiag, to a degree* a aoalKlaad water aad gaa drive ia
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n, ooMourszoMs

St «HI %# ooci«2.tid«d thalt^ within its limit«tiftiuiy th« trigonie plot of

th« pwt<msmi09 of « produeine p«troleitii r«c«FV»ir vilXt

(«) ppowii^ ft ftmml rtpPMWiteUMi «f «Imi iMit«ri«l btliiMft

(b) iadieBt« tho nfttare of th« drtviag NtQl»«Bl8» producing

thft f«««nroiri

(e) ittilsftto th« roXftUif* wmmX^oOm of lh« two driving

fofHMft lAmi ft oonbtma ariT« wMlmilaft ift prodtioiag

Urn i itwmiri

(d) indioBto tlMi 4MBfft IMa «m dfiviag iwrfwiitwi t«

Mfttbtt*}

or, to miwmHMmt vUX provldft tiMi mmm li»r laiafciag ft trlgonftX inioKprotfttion of
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ioms Mm POOL omLmmxammi

t9%»X a<ita'voir <mljtaw

Ofi^Sail oU reservoir "voXsm*

Cotiiiftt« «»t«* 8«tiuniitiQii

/•^otitiiwAl MMIMMHii^ tklMililKMi

35*0 p«r c«tti

3$li8 ptAM*

770 eu« ft* pT bbX,

0«090^

fl»fMition "w^lMM tmtftar moA 0m volimi factor st anjr ^nhwiuni ?« in 3J&«*

per sq. in, iiikHi«j abore 300pttA

r • 0«Q33i»? 18»65 «i, fi*/(ni, ft.

V « 0«062P *» 1» la SCF «f gM #qpiimXtnt to oimi <KMe foot of gtm
at r«Mrveir aonditioBt

ffllMii ua«d in calealati^is for trlg^nle plot ba««d on -volniitotrlo oalouXAtioa

Vt ** Total poT9 voXtwa of roaorvoir
Yog « Faro yqImm oidginaUgr oooh^mA

by" oil and iilaoolvad gMi
fg «> S'wra volana origiaall^ oaaapiad

tgr froa gaa ia sa»" 'aap
1^ • Fora wB^mm originalXy ooaaiilait

I • 9laili tank 9$X aviglMiUjr ia plaee
U% • JOdMNamnl aad fMa gi» ««i|^inall^

is plaffii

2^t3iiO,Q0O barrala

lig^lGpClOO barrels

d4»l47O,O0O barrala
105,270,000 barrola

35.?6 billion <m« ft.
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Knd of Month

Ssptonber 1937

July 1938

January 1939

July 1939

January 19liO

July 19U0
j

January 19ul

July 19U1

January 19li2

July 19U2

January 19U3

July 19ii3

January I9U4

July 19Uli

January 19U5

July 19U5

March 19l»6

August 19U6

March 19U7

September 19U7

March 19U8

September 19U8

March 19li9

September 191*9

March 1950

Reserroir
Pressure,
P; psia

35i*8

3153

2813

2533

2318

1978

1658

15U2

I52li

1510

11*97

1U90

11*96

U*96

11*89

11*98

li*88

11*91*

11*71

m6l

li*51.

11*7U

11*29

11*37

11*32

Cuaiulative

Oil Produced

n; 106 bbl

2.818

6.030

8.751

U.259

13.998

16.552

19.006

21.1*71*

23.722

25.927

27.922

29.810

31.617

33.350

31*. 987

37.161

38.538

1*0.1*32

1*2.061*

1*3.698

U5.319

1*6.898

1*8.197

l*9.1a2

,

TABLE II

PRODUCTION DATA** AND SATURATION CALCUUTIONS: SCHULER JONES SAMD POOL

(N - n)

10^ bbl B

(N-n) B

106 bbl

(N-n)BAt

"or; %

Cumulative Net
Gas Produced
Rp; 109 SCF

Dissolved Gas (N - n)r

W9 ggr
(N|n)r
;09 $CF lo9 SCF V = TgJ 10^ bbl

^g^t 100-(Sog+8g)

««„5 %
~ ~ — 63.3

102.1*5 1.U20 11*5.81* 60.3
2.59

"" — ~ 1.7 35.0

99.21* 1.393 138.21* 57.3

695 71.20 73.79 12.17 0.00093 11.32 1*.7 35.0

96.52 1.371 132.33 51*.8

5.87 631 62.62 68.1*9 17.1*7 0.00105 18.31* 7.6 35.1
9.22 579 55.89 65.11 20.85 0.00116 21*. 19 10.0 35.2

91*. 01 1.353 127.20 52.7
13.17 539 50.67 63.81) 22.12 0.00128 28.32 11.7 35.691.27 1.326 121.06 50.2
18.63 U75 1*3.35 61.99 23.97 0.00151 36.20 15.0 31*.8

88.72 1.301 U5.1i2 l»7-8
21*. 97 ia5 36.82 61.79 21*. 17 0.00180 1*3.51 18.0 31*. 2

86.26 1.291 111.36 1*6.1
28.71* 391* 33.99 62.73 23.23 0.00191* 1*5.07 18.7 35.2

83.80 1.290 108.10 1*1*.

8

29.33
^^ "^

390 32.68 62.01 23.95 0.00197 1*7.18 19.6 35.6
81-55 1.289 105.12 1*3.6

29.79 388 31.61* 61.1*3 21*. 53 0.00199 1*8.81 20.2 36 2
79.31* 1.288 102.19 1*2.3

^^i.'* &

30.05 385 30.55 60.55 25.1a 0.00201 51.07 21.3 36.1*
77.35 1.287 99.55 1*1.3

30.21 381* 29.70 59.91 26.05 0.00202 52.62 21.8 36.9
75.1*6 1.288 97.19 I1O.3

30.26 385 29.05 59.31 26.65 0.00201 53.57 22.2 37.5
73.65 1.288 91*. 86 39.3

30.1*8 385 28.35 58.83 27.13 0.00201 51*. 53 22.6 38 1
71.92 1.287 92.56 38.1*

J\i • X

30.1*2 381* 27.62 58.03 27.93 0.00202 56.1*2 23.1* 38 2
70.28 1.288 90.52 37.5

j\i

»

t

30.37 385 27.06 57.1*3 28.53 0.00201 57.35 23.8 38 7
68.11 1.287 87.66 36.3

J\J • 1

30.51 383 26.09 56.60 29.36 0.00202 59.31 21*.

6

39 1
66.73 1.287 85.88 35.6 •\r\ r*£.

J7 * -^

30.56 385 25.69 56.23 29.71 0.00201 59.92 21*.

7

39 7
61*. 81* 1.286 83.38 31*.

6

J7 • \

30.85 360 21*. 61* 55.1*9 30.1*7 0.00205 62.1*6 25.9 39.5
63.21 1.285 81.22 33.7

J / * ^

31.38 378 23.89 55.27 30.69 0.00206 63.22 26.2 1*0.1
61.57 1.281* 79.60 32.8

33.17 377 23.21 56.38 29.58 0.00207 61.23 25.1* la.

8

59.95 1.286 77.10 31.9
33.81 381 22.81* 56.65 29.32 0.00201* 59.81 21*. 8 1*3.3

58.37 1.282 71*. 83 31.0
3l*.57 372 21.71 56.28 29.68 0.00211 62.62 25.9 1*3.1

57.07 1.283 73.19 30.3

55.86 1.283 71.67 29.7

35.23 37U 21.31* 56.58 29.39 0.00210 61.72 25.3 1*1*.U

35.30 373 20.81* 56.11* 29.82 0.00210 62.63 25.9 i*i*.i*
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TABLE XXI

OAuaiiUTiD simmjm viAmm mm von rmomjo plot or

MHw jcaos SAID m3^

fmH^tm^
•OS % •w

Btptmimt xni (inlUia) 63.3 X.7 3S.0

auljr xnQ ^«J l*.7 3S.0

immopy 19%9 S7.3 7*6 35.1

^mk3rin9 Sb.d X0«O 35*8

S».7 U.7 35*6

4ul/ 1910 S0«2 15*0 34.8

4mEKm3^ 19kl kt.8 1^.0 34*2

4}Slrl9hX M»X 3^.7 35.a

ivaukxy X9h^ iiU.s t$*6 35*6

^UljT IS^liS ia«6 ma 36.2

Januuy 15^ iia.3 a»3 36.4

4«agr 1S««3 ia.3 2I.»8 36.9

^mMurriM ho^y 22.2 37.5

JiOgr 19104 39.3 22.6 38.1

immryl9iS 38«4 23.lt 38.2

Ovly 1^ 3T.5 23*3 38.7

llw^ 1^ 3^*3 24.6 39.1

M«ii»t l^^ 35.6 24.7 39.7

MMihX^it? 34*6 2S.9 39.5

S«pUiilMr X9UT 33.T 26*2 40*1

Har«li 191)8 32*8 25.U 41.8

mtlwfcir 19US 31.^ 24.a 43.3

Harttb 19U9 3X*0 25.9 43*1

Sipttwlnff X9U9 30,3 2S.3 44.4

Hirob X9^ 29.7 ^.9 44*4



a

iHua
Ml xu ' '^ u. ) tew

^•ic tax

S.5C XM
Ml ^M
tM urn

lUC

XM

T.ff VA^

v«ii»

X«4it XMxM
e.iy Siftl nMrt

)

^StiU vC«^

C*ttf MXxmmmlk

tiU>$M

t*V4i MXtUMlft

e.tt iUUnM
dM yjt^T ijwiinirt

d.Vi 4isa^iCiift

C^ llHf 4a«tfi

a*tc ^fl9f infliuiA

-.'.4^ "y^i. aanm

T.ec MCn«*KMI
"

. 'i-^ o^f ^vetSf

<.i.t &mJL tkiiim^ii

out f|p|X liMMll

r.r^f ^,?t?f ^ ig^iiipa

(.i^iX il»«il
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n
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OilgiaftX oil rvMPVQir voLiaM

F«f«cil^ (anratrage)

€«nMt« tetter a«tiirmtioa

2, muid Cli«ri»»t«riatie«^

OrlgiittX rMwrvoir pi'iftwia**

tU,ooo

20,00
l»«r (MBit

3»U80 pjiU

855 ott« tt« p«r bbl

0.000895

3. ToliSMS iiMd la ei3jCMXiiti€>n» Ibr tri£06le plot imavi on voXtaattrle

ft • ToteX poatB mtJMMi of utoifwlr

^ b^ oil «ad dii^a^^
Is * ?oy« voXtano ori^inaXXy oeeu^lod bar

¥« • fovtt iPOlxMo «rigi»ilXjr Gcmpi^
\^ o^Boit* Wkior

i « S«»^ tink oil origiaaXXir i&
IiOUmw

0^ • QiMBolymi moA tmt gtm origiiMtXIjr

in plMM

5U7»5009000 b«nroX«

1^«70Q>000 ^»iirr«X«

77«300yOOO borroXt

XOS>»50D»000 bavroXt

Zkh§yx>,QOO barroXa

295«3 billion eit« ft*



SUHHX
4im mm mmm ^im isummm

U9

^.Ah'*^ i»*Mt xatfiir aftlL„
IffiMiO ^•iMil why «ft;

•HMVMf 0»«00r«OdC «% ><^toimtt) tee

Hl^ fniiynm ^UMitt^M m-



TABLE V

PRODUCTION DATA AND SATURATION CALCUUTIONSi MAGNOLIA FIELD REZNOLOS UME POOL

36.

Ei»d of Month

Reservoir
Pressure

Pt psia

3U80

Cumulative
OU Produced

nj 106 bbl

(N - n)

106 bbl B

(N - n) B

106 bbl

(N - n)BAt

=•08; ^

65.9

Dissolved
gas-oil ratio
rj SCFA>bl

(N - n)r

106 bbl

Cumulative
Gas Produced

Rft} 109SCF

R,+
(N - n)p

109 SCF
Qt-CRa+(«'-n)r]

109 SCF v

(Ot-EBaKK-n

-Vgj 106

)r3)v

bbl
^g/^t

ll*.l

100-(Sog+Sg)

Initial ~ —
20.0

JvM 1939 3385 1.0 2h3.h 1.U66 356.8 65.2 833 202.8 0.9 203.7 91.6 0.00091 83.1* 15.2 19.6

June I9U0 3303 7.5 236.9 1.U58 31*5.8 63.1 811* 192.8 6.6 199.1* 95.9
1

0.00093 89.2 16.3 20.6

June 19U1 3190 lit.

8

229.6 1.I4U6 332.0 60.6 788 180.9 13.1 19U.0 101.3 0.00095 96.2 17.6 21.8

June 19U2 3093 21.6 222.8 1.U36 319.9 58.U 766 170.7 19.1 189.8 105.5 0.00098 103.1* 18.9 22.7

June 19U3 3030 27.8 216.6 1.1;28 309.3 56.5 751 162.7 25.1* 188.1 107.2 0.00100 107.2 19.6 23.9

June I9UU 2975 33.5 210.9 1.U23 300.1 5U.8 738 155.6 31.2 186.8 108.5 0.00101 109.6 20.0 25.2

June 19li5 2899 38.8 205.6 I.U15 289.5 52.9 720 1U7.3 36.8 181*. 1 111.2 0.00103 lli*.5 20.9 26.2

June 19U6 2883 U3.6 200.8 i.ia3 283.7 51.8 717 lljj.l U2.0 186,1 109.2 0.00103 112.5 20.5 27.7

June 191*7 2850 U8.3 196.1 l.UlO 276.5 50.5 710 139.2 U7.2 186.1* 108.9 o.ooiol* 113.3 20.7 28.8

June 19U8 2618 52.8 191.6 1.1*07 269.6 1*9.2 702 13U.5 52.2 186.7 108.6 0.00105 Ui*.0 20.8 30.0
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GAW&Utm SATtTBATZOS ?AU0E£ USSD POit mtOOaC Pl.Ot QI

III01IQI.XII FisLD mxmim turn m,^h

37.

fiiiidri|Miii Pur gf

Nif^ 1938 (itdtial) 65.9 lll.l 20.0

^Nmi 1939 ^•2 15»2 19*6

Hm IS^ 63a 16.3 20.6

<taMl9ia 60,6 l?.6 2i.a

JMil9li2 SB.k 18.9 22.7

#iM 192)3 56,5 19*6 23.9

^«Mi 19Mi 5ii*6 20.0 25.2

JlMl9itS; n»9 20.9 26.2

^»t 19ii& 5i.e 20.5 27.7

4mm 1^1 S©.5 20.7 m*%

immim ¥.2 to.d 30.0



HMUL

iMuil
0«Ot IM t.^ (XiO^Jtei) ttW mnm
d.^X s,ei t*9d mimg^
d«Ot c.a/ X.Cd 0iUMr(

8.XS ^.tx ^01 XAlMi
T.tS ««ax i.aie MXMi^
^: ai#t£ ^A mtMo/k

S.:': a« M% Ml •Mi

£.ri:^ f.OS ta^ ^lftUtM4

T»TS ^•01 $.tt dAXMi^

Ml T*il i««! T^X (f«t)

Ml $M t.%1 8^^ ffiBVk



1, SohULtlNdBf K« J,g "Aetlvtt Oil And H«iMHrf«>ir iMffgart* Tr»o»»ction». A^i.H,ji.,

Vol. 118 (1936), p. 33ff#

t« 03yd| li« E« Jr*! ''Analysis ef Ranwtulr PvrfionMttoef" Tmfftietian^ a»I»H>k,,
V«l. 1^ ll^), p. 66lf«

3« K«vel«r^ H. H,, "jjQfJLaMrlat y^MdwPMi of th* Soliitltr Fi«ld and Unit
Opwrtttion/ Traaaxtit^. A.X^K^I., Vol. 1S5 (1^)» p. 5dff.

Ii» fanMr, J., e«mi«, '«• ^. «mI lavoler, H. H., "fl» Sekmlor «!«»• Stad Poelf
IHUie Itottra of Onltlsod Pi'«a0ttre HtlntonMW Opamtioiitf ** Jo«m»l of
Pctfolwaa T^^loify

^

Vol. 3 (1951)# p. 12lff*

HoOntw-aill Book Co., Inc., I«t odiUon, 2ad iaproMdon, 1950

6, Hol»gr«fi, C. B., "SoMi Kooulto of Qm end yat«r Drlvos on « Lo^g Coro,**

TrmoMioUomi. A>I>M«E.. Vol. 179 (lSrt»9), p. 103ff«

?• 8oli^pr«a« C* R. and f^ma, %t A*. "Kffooi of frw» Oaa Saturation oa Oil
8«5jwy *gr water noodteg,^ t?otti?Hft,?|,,f«te^«,,T,lrtffia^^ Vol^ 3

(1951), p« 135ff.
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ImmM^t ti* c.f 'How of 01lLp4i«|«r HiJEtiirM thi>o«#i GaecmtoXldAiod s«id«»"

twawicti^Mi. A.X,M.£.> Vol. X32 Um), p. mtt.

l4nMf«ttt M, a. «B& LiMU^ id. B.y **Stoo4jr St«te fX0« of aas-Oll-WAtor lfixttup««

Beoklc^t 3, E. sad L0f«r«%t» if. C*, limimB^m of Fluid m<pla»wwBt> ia s«nto«"

frgg^j^^aotioiff A.I.H.E., Vol. Iit6 (l?li2), p. 10?ff

•

lvlBgor» 8. fi. aad Mtttkat^ M.» "CoXculttliwn of Ffodiietivitjr Faetom for OH*
Q«»»Wat@r SystoM la the Stmi^ SiatOt** tmnuMigUoy^. A.X»KyE.« Vol. Ik^
{X9kZ), p. 19iiff.

F)r««l«tid« a. md Ctlheitti» a. C.» «A ^orvor <»J^ L4^7fttox7 Oil Hooovofy fo«t»»"

Conni'weo on Potrolooss Frodxiotion« 1^1). p. l?ff*
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