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Abstract
Drrring tire erarly* 1960s an arralog computer rvas insti,lllecl at British

Petrolerrnr (BP) to moclel the h1.'cb:o<lvnamics of oil fieirls. Ther cour-
prrter lvas crrstom built bu.t inflrlencecl b;- sinrililr lrachines clevelopecl

lbl tLre Aurelicirn conrpanies Carter Orl ancl Sun Oil.
lVhv rlicl BP clioose t,o itistall an an:rlog cr.rmpr.rtnr irt this tirrre/

Did they'pelceive an:rlog as cornplernentilr'\'or inf-eriol tr-r cligital/ Ttr

erplilin r.vhy i.r, serenringiy ba,ckward technologv r,viis still being insterllc:rl

cluling the 1960s, r,l.e need to clifferenti:rtc bertu'eclr L1 nser' ;rerlsper;tive
iurcl i.r,n irpirlir--i.rtion pelspect,ivc. Comirro.. trt,rrr rln applic:rtiorr perspec-

tive. i srrggest lha,t tlie BP engincers tircusecl nrairrh'rirr the suitability
ancl sinrplicritY of arrirlog rnther thiur the ruoclorn. progrcssivr:. ilttb ex-
pensive technologv rif rligitirl.

This art,icle investigates the history of reser\roir rnorlelling by irna-

log ctturpr,rtcr, the Anrericrirn ur.a,chiners tliat inspired ther BP niu.chirie

;,inr1 the erigirie(-rrirlg cultttle tha,t procruecL it.

I(ervrvolcls: K.2 IIistorr.' of Courprrt,ing, Oil R.eserr,'oir '\ni.rh,'zois,
-\nzrlcig C'otrpr-rtcrls. Elec:trolytic Tirnk Ana,logs, Blitish IrerllolerLn.

-EN iI Eler'1,r onics

Introcluction
'Oilficlcl Slr-rrliers bv CbmprLteL' attnoLrttc:t,'cl a,rr a,rticle nt Th,r,. T'nn,t:.s on tlte:

2.irI Nor,'ernlrr:r 1lJ62. Docntrrerrting ttre irLst,allrrlioir of an zrr]irloB conrprrter
ir"t t,he Blitish Pct,r'olenur (BI') rerseiirch cerrtlc. the article rlcscribccl lux,v lhc
cornltnter u'orrkl provirle lhe trtca,ns to rrurclel rur oil rerselvoii''in electlicirl
/ :l
IOl Itl . '

For rrrilnv inch,Lstrlcs, tlie ireriotl 195(l 1960 sil,\v irrr incrc; rsirLq ,le'1,en,l,.rrce

o1r conlpllta,t,ionirl sLtpport to ntartir,ge colrulrelciir,l activities iutcl the 1;etro-
lerun inrlrLStr'\/ ui'r{ no €r-\cepliolr. In pa,rticulirr, BP wirs orr€r oi t}re first
British corrrparries tci pruchrrs€r ir, Lu'ge digital corrrl)rrt,er rviren its English
Elect,r'ic DEUCE rvis ittsta,lleci in 1956. This collU)rtt,er hirrl originirll.l' ber:n

pruclitrserrl t,o rniuiage relittet-v relir.terl ca,lr:uLrtions bnt rvri,s r-rsecl extensiveir.
to solve Olrerllioual ll.esc'irtch (OR) problems.l

\\'ithirr this conlc.xt of exlensive <ligital conrpntel use un,i irn'cstnrcut, it
is int,cresting t,hdt in Nove-'tttlter 1962, all a1lrl1og cornprrtcl (or .rnirlvzer) lvzrs

rAu,rrr (Nov 23. 1962).
lBrinrlrerg (2000) peiges i398 .399



rnstalled to a,ir,l the lvorli of BP's Exploration Rcsc.zlrch Division, the resr:a,rch

groirp a,sst-rciatecl r,vith RI"s explor:rtion clepartnrent. Tvprcallv. a,naktg corn-

illri,ers lirrve ]reen consiclet'ed lt1' liistorians lo be ir pretlecessol' technologt'
to cligit;rl, the irnplici--r,t,iott beitrg lhtrt an a,nalog lvorrlci have rrot been pnl-
cha,set1 or]ce il conrp:ln-v beca,rne cornmittccl to rligitrrl. .fher 

prrrc]L;rse,' of thtt
Bi" annlvzer qrtestions lltet vtrlitlitl' of rtntletsttrnrling artillog ii,s a, pretleccssot'
t,t'c'ltuologr,'. r

Thc r:ompntct allrrvecl t'esert'r,oir errgine-.ers to simrrliL[e ri,n oi1 fie]<l lt servoir
tlrrough tht-. clerrtion of irn elcctlicttl :rn:rkrg, ol rnock:l, r,r'hich corrl.rl theri be

strLciir:11 in ii lirbot'a1,cin' sr:tting. l'hlongh explorlrrg- thr: eflec,ts thal valit-irrs

oil plodr-rction st,r'ategies lLi.Lcl orL tltis rnoclcl, the cornprrtel corLltl ]re risecl to
prerlicl the oirtirnlutr operrzr[itrg cotrrlitions of an oil r,r,'e11. It r'vas rrrirnrLfirctutcr,t

iiv ENII Eleclronics Ltcl t,o flur custom specifirrni,iorr of BP errginct:rs arnrl

irrstirliertl at theil Sunbtuv R,eseirt't-'lt Cr:ntle.
Birsc.cl in irar'l"icrLlar ott tlter ieseirrch arrcl clevcrlopurr:rrt of tu,'o Amelical Oi1

Clornpirriics: Crrrtelr Oil aucL SLrn Oil, lb.e corrtpnilrr r'r,i,rs thc hrst irLstirllirllon
of rts hrrrcl in the LrIi.I F,ri tLe,'risirlr.els r,l'ho pl€)pir[c(l tlLc specificatio]t. ilr)il-
log rrornyrrrtiLrg lr,as trot, t.L lercirtrologv'orr ther wa-\'or.rf ',1li11, r'irt,her i-r techrri<1ucr

t,hilt, r,rr;-rs strll beurg cLerverkrper.l rLtrcl explort:cl: riistinct, ir,ncl 1'et corrrplenren-
t,;u\' lo cligital cotttprtting. Tiris irrticle infrodrices the hist,orv oi zrpplvrng
irliir,log ct-rrLLpt.Lt,itrg prirrciplc's to leserrvoir nioclt,rlling, firstlv bv looliirig a,t ther

eii,rlv rt:sr:tvoil ilnit.lvzer-- irtr,'ctttild irr Aureli(ilur lcls(]i,rrch ccr.tl,ers Lur(l t,irclr bv
focr-ising orr tlre stolv of tlie IIP irlrillvzer.

Derslritc their tiser of i-r,tttrlrg c(lIupnt,ing, tlier engirre'€rrs a.t R[' rlicl not errgit,ge

rvrtlr t,lrr: ,-\nul,oq/Drgr,l.rr,l, rltbatt:. tlur orrgoing lhetolic of tcchnologiciLl rliLirlitr.'

irnr-l suitirbrlitv that createrl t'ul'o crrrltrrres of cornplrtation.i l,ocirtt,,tl u'ithirr
tLn inrlus1,ria,l settirrg, the IJP engirrcers iderrtilied ii,rrir,l()g tcchrrirlnes ber:iurse

t,'1,her' (.\rrLelica,n) conrpirrrics rvele clerivirrg r-rsefirl lesults fronr therni.

:lAs rvr:11 irs ptovirllng srtppittt to BP, the explorir,tir)n lesr:i.rrch grorrl.r

serr.ices. lt rvirs tbl this rvorli thart blre reservoil anttlyzel r,vas tbrrntl ltr

'Bt, 1t96t,r).
tThis is cliscussr:rl exbr,.usivelv br,' Surarll (2001).

r-,ff err:cl <;onsrrltiurcY
ber nrost, risefrrl.



Reservoir modelling and the business process: |ylotiva-
tions for modelling the effects of oil production
The brLsiness J)rocerss of oil explor:ltion revolves tr,r'ouncl a cycier of licensrng

concessiorrs on rl,r'ei:-rs of l:-lnti or se).rl)elcl (often referrecl to;rs lzr;ezse bl,or:k:,s') and
exploring thcrn lbr oil. If a rerselvoir is cl-iscoverc.cl then srritir,ble t,c,rchrriclnes

neer-i to be a,pplrecl t,o extr';,rct (prodrrcre) the oil.
Sinr:e il irt,Lcl choice of lrrorluct,ion stla,tegl,'crln rcrrl(:rr lirrgci r.oltttnes of

cnrclt-. oii unoltttritrirble, prerr[ctirig the loitg-t,.rtrL e[lrcts trf ir prothtclitin stral,-
eg\'\,\'i:i:i lmporttrnt. During Lhe ea,rl-v tr,r-crrf ictlL crllf ltr)', oil conrlrauiers becatttt-t

increa,singly a\\rlre of this turd initiaterl reseillclr progrilnls to urrithetnittictrllv
nrorlel reservoir behirviour. Bec:rLrsr-. of i,he conpleritv of lhe lolirtir.rtrships

irrvolvr,rrl, :Lna,lvtica.l rrrcthods r'r'ere ttot, prtrc:ticrrl. Instr:trci, r'tss*.I\"' )il errgitIFF-rs

creal,ecl irrr iinill()g rnoclel. a phvsicill sl,'stenr r'vith ariirlogorts behaviottr lc-r Lhe

reservoir'.
The mrrin zL1r1r1ir:iLt,iott of it, terst-lt'vc-,il irna,lvzet'\'vls prechcting tlte ptcssr-tter

clrilrrgcs in tr reservoil tlue to t,he r:llects of 'rvaler irt{ltLx'. Nftist oii reservoirs
iifc slilf()rrnr-led lrr' pororrs r,r,a.ter-]rerl|ing roclis lilorvn a,s the lr|rifcr. Sirtce

t,his exr:rts inrrharrlir; tr)fcrs-srrre on the reserxrir', r':i,riir,tiorrs in a,rluili':r prn-qsrtre

irffec:t thc lrroclnction-r:.rt(,1.t' As a d1'rrir.rnir: rnoclel, tltc lcselvoit ilnilll'zerL l)e-

citlliel iur iruportirnt tool to ils-si-st, in t,he clecisiott uraliittg pr()tresses msociartecl

lvit,h proclrLctiorr nra,nilgenrent. SrLc:h clecisious l.u,r:r'e not onlv irrrprrrf,iurt, lol
oltfiLirring t,lrrr rn;lximruri output of a, rerservoir. but a,lso a,,ssislecl rvith the
( OlL:r'I\';ll ir,lt t,t ll;ll ll[;rl l r'>r,lll t r.>.i

Reservoir modelling and analog computatior] : the Carter
and SLln Vlachines

ALalog corrrl>uters frrnt:tion lrv rrtirnilrulr,iting ir ph1'sicirl irrLalogv ot' mc-,rlei

rtrthcr tharr soh'ing ir pt'ol-rletn tiuortgir the ttriruipttlirli,rtr ot a. tnrnrct'i*rl or
s\-rnl.iolic represilr]l,.ltion. Ther first rise of the telrn cia,tc's florn thc c:ir11' 19-l0s

1-rrLt ther lechnolog.r,'Iitrs t.r lich histoly thaL preclirtes tltc it.ttribtrtion of its
r-rrllrlr--.5 For erxirrrtple, Bronrlcv (199t1) lreg-ins his accoutrl ol atrtliog ccittipt-tt-

bClraft a.ircL Hirlvkirrs (1959) prrge 205.
7In their'c()rr)piruv pt:rioclit:iri. Cilrt,er Oil ilssertecl that tireir luir.lvzor ct.'uld'lfirrec:-rstl

t,he ltrrtrlrrcliorr futLrre of iur oll ficlrl irr the irrtelr:st ol consc.tvttion'. (\Iin' 19.1[i issrre of
Tlt.t: L i,n,A:) .

sAtiLlasofl (198.1) auct \Iindell (2002) pagi: ;i87.



rng lvith t,he Antikvtherru, tttc'clta,nisrtr of anticluit-v trnd t-Llso iclentifies itterclrttn-

ical tide-pleclicting rnirchiners rr"s irnlrortant eari1.' irrlalog'. courplrters. Nlincleil
(2002) clescribes a,nalog tcchnologl- fiom the pcrsl;cclive of i-rLrtouratic con-
t,rollers such trs gttn clirecl,ors trncl autopilots.

Tire post-1950s :rna,log cortrputer intlrLstrv is llr'"ll' cliscrissecl by con-
pni.t:r lristorians. tlrt: tcc]rnoiogv r-rsr-rir,llv being rrncic.rst,oocl as suprr,rrserled by
tlrr.- cligit a,l colrlpLlter. Hrx'veverr'. soile scholtrrs hrrve noterr'l that ai[]rough the
t,echriology ir:lci becrr releg;rte<1 t,o srniLll rtic:hers. there w:r,s ir, sigrrihcrlnt aniilog
{ (}nrprlt,ilrg- irrrlrrstr'\, rhtring this penoci. It Betutc:en, I{u,tn,a,rt u,rt,tl A,lcr,ch,tn,e.

Nliririr:ll obserrveci thirt tlte l,tatrsition 1l'orrt aLna,log to rligittil l'iLs'treithet'irr-
:.f ;llll , ,,LrViorl:. IIr,l colrtl,lt l,''."

Tlie first applkrtrl,ion of rruakr,u cortrprrting principles tcl oil reservoir ca.l-

cuintions is attlilnterd to Williri,rrr A. BnLce. r,r rese:rrcher lor the Oklahorn:t-
ba,secl compirrr\. (iarler Oil. llis invent,rort of a,rr 'a,rralr,zer for subterra,neiln
flrricl reser'\'oil's'in 19:12 sholerl th:-Lt thr: tlr.narnics of rin undelgrourrcl orl
reselvoir coulcl be reprcscrttcd br. electrrr:a.l circrrits. Bruce htrcl trainecl irs

ir ph,r'sicist, receir,'ing in l9:lE a PhD fiorn t,he [-lnir,.ersitv of \\ashin,gton li-ir
his X-ltirv scilttcring st,tLrlies ol Zttc: clystals. Her joirrerd Clir,rter slLortlv a,fter

ct-i rnpletittg tltis re'-seirlr:1t. "'
In lirre lvitli his tt'a,irtittg tr,s rl Inirieritrls lrlLvsrcist. a,n eir.rlv project thirl

Bn.Lc:r-. r,vas invoh,'ed in irt Clltter r,r,a,s irrvt'stigatiug flLt't'ft,rcts of Arc \\i:klirig
on the:10ft c-vlindricirl tnlrcs useci tr,i encirse oil r,l't,lls.Il Flolvever', dlLring the
follou,ing )'€ius, Brucer lLrrnt:ri his atterrtion zrwt-Lv frorn mirteriiils:rncl bega,n

rle:veloping t,her rerset'voil itriirlvzer'. morlelling trn oilfierlcl's ir,riuifcl region rrsirtg

a tretlvolk of resistors i,rrl(1 capz-rcitors. In 19115 Ilruce applietl fr'r' a pa,tent to
cover his rruerlyzel'desig-n a,rrci this lva,s fbllowcrl b-v tlvo itssocirrtetl rrpplicatiorrs:
olle ir refinecl mor,lerl ot lhe rvcll anci the seconcl iL tool for tlrr,i'a, irrprrt,.ll

Brrrce clrrl nol, initia,llv rtrri,lie rell:r'ence to ana,log. zuralogr. or cornprlter.
Thtctughciur his 1945 pi'ri,r,'rtt irpplic:rtion the cilcLrit u'ls clesclilretl as an'elec-
tlir:nl courrtclit;rt't of ir lerb('l\"t,it''.13 Laber rcserr.toir :urarlvzels rr'ottlcl refct' tr-r

electlictrl ilnalogies turd so ltosition fhein rvitirin thet ilnirlo" c^'rrrrrri.o ficl,l

1r\Iiucleil (2002J p.rge 10.
L0There is onh.' three ntortllts lrct',veeu tlte lirst pr-rblicatiorr irsst.rcii-rting hinr r'vitir Wash-

ingtr-rn irnd tlie first to at:know'lt:cLgc Cart'ter. Contparte,Jtuttrcev ancl Bntce (1938) ancl

Severinglurus ( 1 9:39).
ilBrucc (1939).
LrBnrce (1947. 19.19).
13Bnrc" (19.17), coluurn 2.



Ihe shape oi the tarrk represents the
geogrrphy oi the retual reser! orr .

Currrri lil ,+

Etcctrodc reprcsenttnt r rvell

- 
Currcrr OuL

(wcil producr()n)\

A resisitor/euprcttor net\!ork is

coililecteal ncre Io nrilrntlrrl ille
relationshrp betlvecil prcssure

in tbc rquiicr rnrl tltc clecl lcrl
potennnl oi lhe trrlk \ oLltca rrrll

'fhe clectrreal poreItial of rhc
calge oi the txnk rcpfcsenh
'lornrrtron prcssurc . the
hlLjrrulru prcssure cxtertcd on
the reservoif by thc rquilef

An clcctncrl inrlo! 0f
wcll pfoLluclron rilrlntnrns
rhe relrtio'lship betweel
orl extrrctcd frorr r rvcll
xn(1 currenl 0trwI ltonl
its rcspectrve clectrode

lle electrical potcntill oi
cxch eiectro(le rcpfcsert\
the bottotrl holc pressure
oi r well

Figirle 1: Thc tra-qic tera,tnr'es of Bmcre's n1()dell, intt:rpretecl liom his ,19.17 patent.

f'he rersclvoil is nrotlellecl rvith iur electrolytir,'ttrrr]<, rvit]r e]ectlocles lcplcsnrrting
\\ells. Cluielrt flow inl,o the tank is controlle(l bv a moclel of tlie a(truler. The flon'
()f (illlrent ou{, ()f a gi\rc'n c'ler:itro(le is lrroportiorlirl to the plocluction flor,v ol'the
c( )rIesp0u(Li-ug r'veli.

iVlodelling hydralrlic pressures with electricity: the Bruce
Analyzer
Illrit:e's iurlrivzer corrsisted oI l,wo soctiorrs, o]re rln electrica,l ri,r]alog^. of t,lrt:

resrrrvoir ancl thc otlxrl'irrr elect,ricirl i]rralog of t,lie:r(1riIcr. Thc le:selvoir'\\-ils
trro(lelLe(l bl' -l, r,t,t' witii a (iolrLluctive edge conta,ining il iou, condrrctivitl'
electloit'te (sr.le Figtrre 1). BY represeuting the wi1l,cf dt'ivr irit.t.' i.r lesel'\'oil'
ils i:r solll'cc Ol electricai pclr,r.,er, the iLnirlvzer enirbled ir,rl Lrrlirlog\. to l)r,r rharvrt
]retlveerr hl'c1r:.Lnlic pressule)s ut the reservoir (anc,l t,he slrrrolLllding rocks), and

eLectrical potL'rrtial:i irr the elcctrolvte (irr1(l tire ,.iulrrrlrrlLling circrLit,s). In ir,n

actlLal rcselvoir', wiltcr irLfltrx is *lttscrl by hrtdltr,rLlitr prerssurc's fi'onr its irrlja-
cent ircluiler: on 1,he :ulirlvz(:)l , the electriczrl lroteutiitl of the leservoir's outer'
riur wru deteriniru,rcl by rhe output volti,rge of a lcsistor,/cir.pircitol netu'ork
nrorl,'l"litrg the aqrrifer (Sere Tirble 1).

'Io sirnulirt.{:l ir gi\r€l} orl fielcl . the user would ftrst creilte an inititr,l rrrotlol

bi-rser.l on geographic:rl clatir rr,II.,L tlr)11. fnfirrc rt lrr''plavilrg tluough'pfr.st nrcir-

sluerrlents of reserr.oiI clirt:r, lLsr.lallv rlt'arvn florn observat,iorls ovcl' Lr rrrirrirt[rrrr
of t\\rc lo tlu'ee yLral's. The rercluir'€lci lesel'\'oil behaviour wils engineer€rcl . or
progliinlrnecl. so fhal at arly point in the nur.-tin]o. cnrlent clrrrr,l'n frorn the



.\cttt;tI flr'<r't vr rir (ltvrIt;rrtIir' >r'stpmJ Resr,'rvoir Attah,zer (clectrrcal atrtrlog)

H1'clraulic crapacltir,nce ot aquifer
Hvch'ar Llic pcrrneir bi itt-v- crf acprifttr
Acluifer pr'osstil'e

R.eservoil pr€)ssltle (a,t tr givr:tt point)
\\'ell boti,ont- ho le lrrossllt'e
Oil prorhrctiou

E lectricai c:rptLr;it:i,rrce of a cluifer zrnii,log

Elecrtncni r esisti.r,nce of tr,rlrriter ilniilog
Ek:ctrictri potcntl:il of tlic tank's edgcr

Elerttol,t'1" p,rtr'ttf i;rl (;if ir 3it-ett priirrl )

Electrocle poIelrtirl
(lurrent rlrarvu tlorn electloclcr

Taille l: The tuiirlogl' betlr'eett leservrlil tlttcl e-rrri.11t'zt:t'

rnt-iclel wrrs pfoportiorurl tcr the oil extrri,ctccl fi'orrt tire:Lcrtturl reset'vc-,it. Nleil-

sriloltlenls of ek,:r'lrorie lrr,rtt:rLtills ta,lir:rr tlulirrg i) nnl-tinrc \,vn1 c colnl)irrecl tti
the recorris oi r'vell botlour-lrole pressrLles obselvecl in the fielcl. rLrr-v diffr:r-
encL.s lreitrg rr-.ecl t,o irrrplovc tlte rrtoclr,.l. Tiris process was lirrolvn rrs iristolicr
nrirtching.

Folkrlvirrg florri t.he lvorli of Bnice iLt Cirttr:r. a. ntLnrber of other US corn-
pa,nics investerl irr irnalog corllplrter leselrc:]r :rntl <ler,'t:loprnerrit. The pir,lcrrt,

Lcc:rtlrls shor, t.hat otirer sigrtificant plal'ers wele ther Surr Oil Corlpati-r', tltt:
Tcxirs ClorrLIr;un':rntl I-, rrir,ln Oil. Tlur irnploverru-lits rrrar-kr lrv t,hese courprltties

itr their pltents oftcn lr:lirt,ed lo lire iulah.zer)s user intt:r'iace. proviciing, fol
exanrpk:. t,hc iacilitl- t,o rnirnipt,Llirtt-' the trroclcl ch'triurrit:;ll1r' itr teir,l-tirttt:.

Incorporatirrg repetitive operartion: the Sun Analyzcr
Betlveerr 19-19 iLncl 1953, Strn Oil frierd six ptitcnt appiicatiotrs lor tc'clutologies

relating [c.r reselxrit irttrl\rzcts. tlnee of r,vhiclt urei'e irssig-nec1 to Otttirt'L.
Pi,r.Ltelsorr. It is ru t,his rvorli thtrl rve car) sce tlu: rloveloping assoc:iirtiott
lteltlr,r:en the rt,rst-'rr,'oil iurall-zel arrtcl ti,nti,log cornpmtirtiori. tl,'o of tiie lratt:r.ts
n.ere errtif lt:11 ,1rt,u,Loq C'ottt,1t'tt,ter o'r A'n,,tl tIzerrI

The Srrn trrla,h,'zerrs rliffe,rccl florrr those. of Cirrter Oil bv tltelr trse of rc'pet-

itive opcrirtiorr (ol rep-op), ir technicltte thirt rvirs proving popttlirr itr ttterin-

streil,trl irnir.iog corrtptrling. A lepetilive olrelatioti tt,ttalog contptiter, il,s op-

|)r)s{:rcl lo ir'single siurt'artiriog cornputer enrpkr-ved fa.stt-rt'tinre-scaling tech-

ni.c;.res ancl lr,llorvr:rl a uscrr t,o i"rrtnreclia,teh'- see tlter eflccts of ait,ering the ptr-

ralrr€ltel's of rl ntodel.
BLtrce's alrzrl.\'zL.r \vil,s ir single sho1, computcr tlnd trlthorrgh tirne .,v:r.s scriicrl

L rPitttr.r'-*on ( L Uiri;. l9'53 ) .



so lhllt tlre nroclel progressecl nttch fi-r.ster thii,n the ilctrtirl resc)r'voirj antr,lyzt:r-

t,itrre still rnovecl slolvh. enottgh to allor,v tltr: uset' lo inirlie nr.cralsLlrernerrts ancl

clirectll'observer trencls. \\-ith er singier shol cotnl-niter. the brrlk ol irrtalvsis u,':ls

perfolnrecl off-lirLe. Tltis irrl'olr't:cl corrltr)iu'iirg the ani.r.ivzel plots r,vilh lrcncls
obserrr,'erc[ in the lielcL. Li cont,r':rsb, r'ep-o1r cornputers prc-rviclerl a techno[ogt'
l,,t,,"-11,t,' ;r.lr,rlysi..

\\'ith repetitir,e opela,tion, thc Srtn ilnalyzt.r rlr,rsigru'rr,i bv Pat,tersotr in-
cretrser-l thc tinre-sr:aling so Lhirt fiftr.. veirrs wele rerpre,.sc'ntecl ir\.,1r] tirrith'zer
nrn-tirne of trvti nriliisc<-ronrls. \\rhrle this allolvetI the ]ristoric nrirtchirrg lr,r

ire cr.,rrrpletecl ort-line, tire tk-.ru'nsttle of the itrcrerrrst:ri speerl lvils thu,t il be-

carner inrpossiblc fol tr user to rnirlie il-rer1s1u'enr(:nts r'vit,hout the ilit.l ol specia.l

IL;rlrh,r'rrrt:. \l:rity gclteral I)tLrl)osL. rcp-op cotrrputels solved tiris probienr lrv
lr:lrliLcirtg papel'prkrts u'ith tltc: cl1'ni,t,titiu gtll.,hicr,l ottti,,ttt of itrr oscillosc()pc.
Ht-.'r,vt'rvcr'. P:ltterson r.iserl tlrrl rirfli:renl tt'chni<1ne of 'ptLlse tni,l.lliittg'. 'fhis
irn.oiverd rrsing a sl'nr:lrrorrisirrg circrLit. to t,rigger nleilsLrlenlents ir,rrd lrrovicied
it rneans fitr 'a stloboscr-r1)it,: r.'ier,r,'of i.r recllr'r'ent pherronrerron' to Lrc clptr,ucrl.
Prrt,ter'-*r-rn's a,nirlYzcr iisert.l tr roirllrirrg ltlolte to lna,lic such obst:r'r'':rl,iotLs ancl

tIris rrrirtle llre rccolriing cit'cttits sittrDler t,ir;ur irt tlLr,r BlrLce artt,r,lt'zet.lJ

Demand side: the need for a BP analog computer and
the decision to re-design

TlLe oligins of tLe B]) installiltion cla,t,er btr,c:l' t,o il rrlellrola,lrrltun circulirtecl to
tlu,r rrrrlrnberls of ihe li-xploratiorr R.e-.sei.rrch Ar.lvisorv Conrrnittcer in I)ercenrber'

I916. This cunrrniltec rnc.t c1ua.r'terir,'trncl pror,'ir-lccl ir linli l)et\wren the lersetrrch

pt.rrsonnel of BP's E-xlrloriltion Rerse:ucir Dir''ision iurcl \,[. H. Lorvsott, titcr

d ivision's t echrtic:rl nriltlilger.
The nrerrrolirncir-ntr idcntificr,l thc tgentla for their rrext nrceting r,,,iriclt rvrs

to l-re ir rliscrrssion of a report ltom Dr J Birks. i.i tnetnlrel ol the li-xplot'it,tiott
ftt-sc,rru'crh Drvisiori u'ho hlrl jrrst lctru'rrerrl tloni :r trvo nrortth tour of rcsr:arcrh

cerrtcrs in the UrLitecl Sttrtes. Birl<s' r'eport rlc-rcrLmentetL r.'trricius :rpplic:tttioris

of cc.rnrprLlers in explora,tron le,'sr:rrrch. trncl oritlinercl therr pot,cntitrl ]'rcnclit
to I3I'. Irr pir,rticrrla,r', Hc clrerv rrtletrtion to thc trsc of 'r'ersetvoil trtralvsers'.
antllog cotl.ltrrters tirtrt ccltLlcl 'prcclicb ftttt-u'o chiirtges in rcserr',rir ptessrue li'ith
ploductiorL'.1{l Bil'ks lccordet.l thtrt Lhere n'cre two nrain tvpes ol irna,ivzel irr

t5Prrttersorr (19ir5)

'uBirlis (1956).



lLSe. thc 'Blircr: ol Cat'tel an:llyzer' and the 'Sttn anall'zet

'Ihc. Bllure irnill,_vsr:r' is generirily usccl for li,rrgt, reservoir units such us

Iiirkr-rl<. Brlrgan anr,l tlie Alarrrco fir:lcls r'vhele. tb.eri: is a considellrbl€)
arnount of core rrna"ll'sis ancl fluid cliltir avrilable arrcl w-herc plentl'
of time cnrr be clevotecl to builcling r,L1r a,ncl :rcljr,rsting.. a lairge sca.le

r:lectrical nroclerl of tho resr:lvoir a,ncl a.rlrrift:r. The Srrn a,nalvse-.r is best
risecl fol snritli rest:r'r'oils ol otres n-ltich ciln be lre:rteci as et lcrv lurits
since it is rnuch cilsierr to rrse zr.ncl gir..es ir visr-ra,L ciispliil- of lhe j)r'essule

clecline cLlI Ve.

(Birks. 1956)

lJirlis tr.inclr-rderl his tiiscttssiotr ll- l'cc()nrrnelrciing lltat, BP slior,rlrl lrrrr-
cliirsc. 'rr Srrn 1.,'1re anrrlogr,rc corrrpr-rter fol t,lrr: rLser of thcr res.'r'r'c,ir t'trginl.r'ing
grorip'.1; Fle irlso re(:orrrrni:ndecl thilt a srna.l1 cligitill cornprrl,er lrr: purchaset.l.

Both rria,chint-rs r'vt,rfc a,ppfo\red wlten tlie iirlvisr.rtv coutnrit,tee met to discrtss

tlu,t tcitolt. brrt i1, \,vas I'ecorrun€lirclLtcl tlii-r,t ii feserfvoil engineer be traltrccl orr

tlie SrLn ilrrirl.\'zer arrd tlrat tlLis tririning slrorrkl irrforrrr tlre choice l)e1r'r'ct:n

prLlc'h;rsing ir IlLrtcr: tx' il StLn ttttir,lt'zt,'r.ls

Drrring the foilolvirrg vear', a r-let,i.Lilecl irnr-rsligatit)n wil-{ tLtitlerrtirlierL to
serklr,t l)utll,eern tlur trvo Atneticrttt rnachitres. T'he st,ttcl-v \\'as Llono i-lv bolh
Birlis i,inrl i.urother'rlrerrrbel of the Explorirliorr ll,eserarch teirrn. Dr Ii It Iiecp.
Tirt-:l't:orrsiclcicci ther pilrticulili'stierl,gths anrl lvL.ilhr.esses of the Suu anrl
ISrtrcer iurirl\rzers ir,rrd f,hcir relative srirtairilitr,' for BP's piri't.icrrlar' \\'ork. Irr
1958 Iir:erp prelrarerl n lepolt of tlrerrr finclrngs.

Iieep's rci)olt. \\rir,s cilcttlir,tr:cl to the rrrcrrLbers F-ixploitrlion R,eseirrch ,'\cl-

vi-qor')' Ct.,rnrnitt,er:. 1n it lLcr or-rtlined llie need lirr tlre :urtllog corirplltel irnrl
ploviclecl a technicrl s1-rccification. The: origirurl plarr of pruchasing one of ther

Anretlican rurirlvzers rvirs a,banrlorle(-l cllr€) to lhcrrr not bcitrlS'tiexible.'ttottglt'
for thc grolrp's consttltittg .,r,ork.lu

The rcport clesclibecl thr: Sun nrtrchiner ils lu.ir,'ing'st,liorrs limita,tions'. but
I(eerpr r,vtrs irnprcsseci rvith rts othcr clrtlltrctelisl,ics: 't,he cltief a,clv:urtage of t,he

Sun fvpe is f hat it lLirs ir fl.st ropertitiorr riltc a,rr(l us(')s sorlre exccllettt electronic
t,cclurirlres r','hich rrrc rvorth using in a,rrv futurc i-r.rllriogll€rs.'20 Althorrgh tlre
Bnrce a,nilhrzr.f rnct solne of thr: r'e(luirL]Irrcrrts. it, r,vas r-leficient in il rlltllll)cr

rTBirks (lgrrri)
rsBP (r958).
t!rIi,:e1r (195b).
?(lK.:ep (19.-r8).
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(11 respects. In older for the ittttclta,se of the a,rraill'7g1 to be rvotthrvhile. BP
r'vorild trcecl a custolll <.lcsign.

In vier,v of thc' lirnitltiorrs of the existirrg tvpes of i-r.rr:llogr.re, it rvas con-
siclclc<l that rrrr1,' fr,Ltr,tlr: iristrrtnterrt slioulcl conrbine t,ire at.lvarntages of
previons rrrorLels :r,rrrl at tire sanre time iltternrpt t,o re<luce the <list-Lclvan-

ta,ges to a rnininmni. The suggesterl speciliczrtion therefore conrbines
tlie filst, repetitive terchnicluts of the Srrn anillyser with the:ireal r-ep-

rescritatii-rrr of tlie Ciirfer-type. Fol this purposc. i.LbolLt .10 conclcrtscl
a,nc1 7ll le-'sistiurr:t'r.rnits r,vr,irrLl bc recquilerl to sirrnla,te arr oi1 pclol srrb-

ctiviricrl itrto l0 Livcls iutri ,1 :llei.rs.

(P,P, 195"q, pa.gc,: 2)

L]rrlilic: the .,\nLt:rir.:a1r leseir.rch g..r'ortps rvho rlcl-ciolrerrl their owll rrrl:rh'zr'1's

irr-horrsr:, BP u'oull colrulrissiorr a. thirrl pilrl)' 1,o clo lhe rlesign u'or]i. 'fhe
c()lrrrlrittctc approvecl a six rrronl.h 'ck:r,'e1o1rrnt-'rrt str-rrly contra,ct' lvitlr tr\II
Electrouic,s costiril3 I1.000. This rl'ortltl bc tirliolvccl rrp r'r,itir tlic prrtchi,Lse of
;l '{,nil)rtl|t lr 't ;r.l fulllrrl Il(,()l l().-l

Supply side: EIvII Electronics and the EN,{IAC

Ii, is intelr,rstirrg,.' t,hrlt tlrr: Iixplr-rr;r,tion CouurritleLr diri nol corrsiclel ot,lurl ck:c-

t,rouic tnir,lrlrfir(iturers bt-'Irrt: rlcr:irlin,g that tr\lI Elect,rr,rrLicrs -.horLic[ rr]ilr]ilg(:)

t,ht,. tlr-lr'r:itil)rr.orlt of lher ilr.ir,l()g cotnptiter'. It r,virs rrot tltLe lo ir lrrclt of ttriLtrt'

nrole-etstill.riislrr:rL lrli,lrlLrllrctutcrs offr:rittg cornlllefcia,l lrttit,iog cotnlrtttets, l)rLt

lrecir.rrse BP dir,i rrot r,virnt il.r pr-rlcrhirse a,n off-ihe-sheli protlrrct, pleferrrng a

cr Lstorn-l'lrtilt ntacltir.r,r.

ENII triectr'orliLS wrrs ir, sr-rb-siclia,rv of the ent,r:r't,ainmenl conrira,r*, El,er'tr"i cu.l

u,rr,rl l,[n,,si,cu,l Irt,d,ustr i,r:,s (EtrlI) and rvrts forrrtccl alourrrl l!)ir7 to l-rrrng together
ENII's virrious inl,elests in electronic gootls.l- E\iI ,,i'es r regulrlr supplier'of
beslrolie-h:r.rihvelre to BIr, irtrti hatl reccnll1,'cornpkrterd a cleveloptrtenl contrircl
fbr iLrr instrurni:nt t,o irrverstil4irtc rocl< tbrnrirtions.?'' Since BP n'tr,nleci to clesigrt

tlrt-. zrntllog conU)Lrtel rvrt,hin ir sirrrilar business I)focess. it nt:r<1t-'settsel to use

ir coIIrpar].\''urr]io thev l<rrelv coulcl lrrochrcc:r srrccr,.ssfrLl r:rrsloin plochrc[.

rIBP (195E).
2rAnon (1959) iurcl Hirmilton (1997) pago 82. tr\lI'nvere piorx,:cls iu ir nurnber of elec-

tronic ltlrtrhtcts irrchrcling nrerlir:irl sciurleis iurrl tlouu,rstit: televisiol.
:3EuI (1961).



tr\lI clccidecl t,o rlervelop the reservoir :rnir.lvzer arorrnr,l the technologl' of
tlreir rorrrrnerciirl arr;rlor1 ( oltrl)ufer'. rhe E\llAC' tI.2J ()ilrer irnportant tises

of thc Ei\,IIAC inchLclerl rnissiie research r,vork at De Havrllarrcl Propellers,
\,\'-hiln'orth Clloster arrd the Australi:rn Clovelnnrent .\ircra,ft Fa,ctory anrl
ilircraft cont,rol rerserart'h at I-iobsorr Ltc.l. EchicaLionirl appliczrtions of lhe
coniprrler inchrclecl etrginet'ritig cirlcttletiotis :rt Oxforcl Unrversit.,', Cr:lnfielcl
irnrl \\'-itrvirtersr:lricl Unrversit\ of Joh:tnrLt'sb,u,t.-5

Figure 2. The ENIIAC II instalk:c'l trt Sunbury. Ei\II clesigrre.rl extrir ha,rcl.,viuc

specific to the reservoil rrroclcliirrg lrroblern lvhich is controllecl via the console.

(BP Arctrive: retcrence IINIIAC II 7331,1) @BP plr,

Tlie trN,iIAC r,r'as iihe otltcr a,nirlog conrprrters of the periorl in that it hirrl
.r 1tx)(llrltrr cicsign. \\'hile tlte basic corrrplrler'\\'rrs ri, singie nroclule c:ortsistirrg

2'rThe uarne trNIIAC r\'?rs irli acrolrvnr tor Elll An,tt,l,oL1rtc Corn.p'uter': the ccinrpirrrv's
oflerirrg in ciigitnl cornputitrq rvzrs utuiecl ther E\IIDEC. In E\II's pre-1962 tla.lc literirture
the na,ure ilppeirrs ru'E\IIAC II'ancl lrrtcr irs'ENIIirc II'.

:r'See ENII (1959. 1u02.r.b. 19631r, 1965).
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of 18 cornpnt,ing conlpolrerrts. extlir rnr-'clules coulcl be connecteci to:rilolv
rnor€l colnplex lrrobletris to be solved. Within ea,ch moduie the selt:ction of
compirling crornporurtiLs instirllecl r'vas lu1lv configulable. Etrch comporrr,'ni
wir^.j encrrse<-l in rl retnova,ble t,r'i,l,v. or 'C Box' rvhich coulcl lre srv:r,ppecl rvil.h
rel:rtivc eirse aur,l irllou'ecl tlte conrputcr to lre customizccl for a, ptrrliculirr
problern.26 To inrpiernent BP's lecluirenents. E\lI asseurbled iS tr\,iIAC II
lack rnorintecl nroth.rles lrrovicling:ri24 C Box locartions (see I'igLrre 2).

BP and the analog/digital debate

Snrall (2001) refers to:rn'ana,logue/cligiterl tlebate':incl trttribr-rtccl its rp-
pa,rent emergence to the effects that the pairallel ii,lternative [echnologies ,.,f

tlnalog :rncl cligittrl h:rt.l in polalizing tlie cornpr-Ltel cornrnruritf irrto tlrrr t irrul-rs.

While acknowledglng that th.ese classificir,lions wele sonletirnes herzy, he irlso
clescribes corrflict bctr,veen the tr,vo comrnrinities rclaterr-l to thcir rnerrrbeLs'

st i-.r,trts .

The analogr.re conputel corrlrnurritv ... .,vere lie<:n to refirle - e\ren

rit.li<rule the claims of tLre cligitrrl 'men'. Though cornrnerc:iill com-
petition helpecl tuel tlie anirlogue/cligital rleirilte, r,vith the betrrefit of
hirrcisight \\re c:,trrr coriclucle that statr-rs \\riis one of the uriderlr.ing is-

sues in lhe clebi-ite. At issrie."vas l.he rcltrtive statr-rs of clevelopels i-rrrci

r-rsers of electronic rnrllcigLre conlprrt€'r ecluipment ui.s-it-'u'is the cligital
cornputer commrrnity of clevelopcrs anci users.

(Snuill,2001)

\\'e lrtrver to :rsli oulselves r,r'hetherr or not the :rna,log/digita,i clebtr,te tr,c-

ttr:rllv existecl. or rvlu.rt,lrt,-r'it is nrerelv rr proclnct of btlck-projecting ir 1lr()r'c

cullent lulclc'r's[rl,r]cling of zrnulog antl cligibrri. \\'ele there rea,lh,' trvo cn]tures.
arrrd if so were the.u-' botit cultlu'es of conrputtrti.on'/ \Vele the lwo groups
a.ctutillf in olrpositior], or r,vere theil teclrnic:rl arrtl corrrrnerrcitrl oflcrings cour-
plinrenta,rr,' to ci,lclr othr:l /

The c[eba,te celtrrirrlr'' erxisteci olr solrre ler.e] u,'ithin the conrput(.f corrullll-
nitv iiurl Srntlll iderrtifiecl that people involvecl r'r'ith computers becarne eifhel

16Fol ex,rrnplt, if ir rrs,'r rcclrrirecl nrorc irrtegri'rtors tliirn notrtral, C Boxes contirining
otlier conrponcuts couk-i be retnoved ilttcl lr:pltrcecl Lry iltegltrtol colrrpolrents. A trrll rrrnge

of boxcs incolpcrllting all the colrrllron erttakrg cr-rrnprrting conrponents r.vele riviiilablc. The
cornprrter [i:atrtrecl reuurvtrl-rle ptrtch pzrtrels so thirt lrroblenis r:otr]cl be'patcheti lll)'ilwir\'
fiour the courputer'. For a cletailecl techrricll dr:sr:riptiorr of the EN'IIAC see E\lI (1963a).
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'a,rrtlloglLe or cligitr,rl men.' There is no clouirt thaf, thcrer rverr: ii mrurber of
voclil groirps r,vlto pttrstLercl promolitrg orie class of conrprrf,illg over tite other,
the qLreslrori is horv fi.lr this cleba,t,e exterrrcleci trncl n'hehhcl it r'r'as:rppropriilte
for otherr (]rrrl-usels like BP to errga,ge r,vrth tire cliscrrs-sion,

\\i: crn cc.nceir''r,r t,hat t,he ckrbtrte appearctl clrrite cliffcrent, ttorn irlterua-
t,ir,'et perspectiYes ancl in pilrticrtlir,r w€r can rclentilv both i-r"n il,;rplicirtion ancl

resoa,rch i-rrLtlooli. Flotn the rescilrch oullook. we cL-r.rr crtrrsirktr l,hosc. irLvoh,'ed

in c;c.rnr1,x.rt,t:t rt:se'ir,Lcit ancl clt:r'eLrptnetri,. Taiie fbr r:xir,rnirk: \'liLr-rchl). :rrrt,i other
r'(,snirr'(ih€rrs irt thc \loote scltool. digital corriprLLing pioneers lvho irrticrrirrt,erl
t.rrrcl Lrrrla'stooc.l a, c|,r1r'clistirrc'ti9n Jret,ltteert t[e trvo t,r'1-1,'s,rf r:llr]lrnft:r'S.ll
Tr., rlcvek.ipl tltc lrrngttil,ge lt'if,lt r,r.ltich to (iolrlrlllurit;ill,t: zrL)oltl tire enrcr.giLg-

technology c-rf ctxrputt'ts, it rvus necessil,r')'firr piorrec'rs to iil-rntiil-cla,ssifirrir-
t,ir,rrr-s ii,rrtl tr-pc-* betneett diffi:rent rua,clrines, il,pploitclres iuld repf€rsentrrtiorrs.
\\'hile flrose r,vith it, rr:sut,rr:lr, otftl,ool' u'c-.r'c clerbrlting the rrrcrits ()f tlIC-se twc)

rlistiuct, cttntptrtittg tcclruologit-:-s, tltet erngitret:t's at BP ltt,Lcl ttti tr,1t'Jtl,'r,ut,l,i.orr o'ut-

lr.,of lvhele rlrflerlent coniprLters rvt]re evr.hLatercl in t,ei']]rs of t,ht-.lr'prl.cticirl i,Lrrri

olr-.erLverl -.uitalrilitv ri.r,ther tiiirn rr t,lLeoret,icr srrrta,]llrtr. dr:rive.cl frorn thetir'

irrtorna l tlcsign, :r,r'cltitt:ctrtr c ol clirta I e'l)r'ps{'lrt; r li{ )rt.

hL 1916, Ji.il.Fcurcst,cl clcci.rlecl t,o r,Lse ir tligital rilllrr:r t.han ruL rlniLlog

corrrpr.rf,er as the celrlfal l,echnoiog\,' of I'rojecl \\'hirhvirrrl. il .grrlrefrl-pllrpose
fligiLt, simrrlator. This is one of llu: frrst exllnrplcs of iL lrrlrring point ftorr.
iirrilk.,g to cligitrrl a,rrti Ilorte-rt.er r,l'crrt on to constr'rLt:t ir, por'r,erfrrl rea,l-tirne
cligital conrl)iLlt:t.rs Hor'r,ttvt,'t, this ilgtr,itr is arr exaurl)i(-) tlrl.u,rr frcirn t,lrc r,r'ork-l

of tr:sc:irlch lillllc:r tharr of a,p1-rlicirtrorr'" iincl althorLgh I:oLrr.lst,cL cirn be crecl-

itecl u'rtli the foresiglit tlLtl, g€llerir,i pLlrpose rligitrl corr.pnters \\(,)re flll rlrore

ltrtu't:r'frLl rrrrcl verlsrrl,ile toois, his cLcsigrr choice wirs orllv possible becarrse ol
clilt,e cxcclrt,ionrrl IiLncling. Irro.ject Whirlu'urcl plovecl tlnt cligital conLputr:r's

r:onkl 1.re corrstnrctcci to r,r't.rrh in real-tinre iuxl so t,alt: rtrL t.rslis lirirt a.nirlclg

cornlrrLtcrs hird pt'er''ionslv beett usercl fbr'. Horverver'. a,ffoiilzrble rligrtr,rl a.lter-

27(Jrie of orrr-l'irriierst exrrtttplt:s of ir -sepirLiltiori of crorrrputirtion into 1;rvo r:lassc-s cxisls in
corriunruicrr,tion betrvecu \{lrrchlv iurcl Atarrrrsofl. See \Iir,rrt:hlv (l9lJ) and \liurchir, (19,t1).
Th:rl tire rlistincliou cllefgcrl tiotrr tire rligital conrrnunitv is entilell'rLurLer,*tirncl:r.blc.: :r rrer,r'

techriologv hircl ernclgecl tLucl tteerled to be irssocirrterl ;rud.!'clt irlso cListirrgriishcrl fiorrr othcr
t r-rupr rtirrg teclinologit-.s.

rb Cltrtupbell-I(e11.1. lrrr L Aspltrl' ( 1 99li) yrlgcs 1 -1.J 1-1.-r.

rrrAlthorrgh \\ihiriwincL iregirn irs a urilitan. pro,]ect u.ith a tlefirrite purpose. the ploject
excecclcrl lroth its rrllocirt,iott of t,iuter irncl ftttrrling triliirrg on:r ltrL uroro rescirrcir basecl

:rpplria.clt t() reill-tiIne,. cottrl>tttirtg. It rvirs ittrpottlrtt tlttrt sttcli plo.jr:r:ts existr:rl, bnt BP's
conrprrter terltLitcrnclt'"vits ttot so't:ttttittg-ccLge'.
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rlill,ives f,o a,n:rlog corupi-tting r,vt-'re tttttclt slcxver in conring to the Lrpplicirtiorl
conurnurit\,'. For lho-sr: lvithout the cleep bticlgels of tr delenc:e corrtriLr:t, ii,nalog

cr-irnprLLers lvetr: lhe t,ool of cltoice rvell into ther ea.rl-v lfl7(ls. For BP, rvhen
comprr,ring- aflirlrlirble ct-rutpLttt:ts, cligiti-r,l tn:rclLlnes rvcler .jtst, trot, f;rst enortgh:

l\Ir Docksev] clrrel'it:tl. hr)r,vever. rvlietlLerl a cligital conrprrtor isrc] croLrlrl

not be usec,l lirr these stu<lies brtt lilterl aglt:eti r,vith I)r'Bilks thili thert:
was:i stlorrg case lbr tlte ttttitlogrre ir.prproa.<h, tlrt: strtrlics being both
arvliwilrr'l a,rtcl tltne-consulring lvhen cilnierl orrt on tlic larger <1i13ital

conlpulor r,vhicrh u,oitlcl be re<lulrer<1

(BP, 195.\)

Arrothcr significant :r-sperct of the irnirlog/cligrtal rlebate r,r,as tire clrffelin3,-'

ru,pl)roirclles of lirc engineel aucl t.]re scietrt,ist. Whilc sr:ir,lLl ists l'e;rrnec,l for tht:
gr:nt-.r'iil Illrl)ose applicabilit-r' of rligital. engint:er'-s plerfenerl the '11ir,l the ;ob'
appliciibilitl- of nnillog. Special purposo tools u'ere at'cr:ptit,l,ric itr :rn inctus-

triirl sct,ting lrut gclrLirirl pu.rpose tot-rLs rvcrrc the lleiclrlnc of t,ht: ircit,clenrit:

t,r nr..iLOtIttt t,rt tt .

-,\s trrr cngileer. Birlis rirrrlerstoocl the technologr,-rrr terrlr-s of tlre irroblcrn.
Tlret lir,rrg,'.rLager of |1i-s prol.rosirls clicl uot presuplrose ttrirt digitiLl r,virs lreli,err

th:ur ;rnirlog, rreitlLcl rlirl it repfeser]f, i,i view tha,t tr,rralolt wirs trllvirl's nrore

a,lrplt.rpliatr: thi.rn digit:Ll. This is best ilhrstrated bv tlrr frc;t tfLrtt iilongsirle
h.is lrlopt.rs;,r,1 for tlie ir,niriog collrprttef. ht-'clrcr'v irt,tcrLtion 1o llte irttl)ottattr:t,r
ol ilr;cgririrrg ir(:(ress to :L rlrg..rlal coruprrter. For Billi-', a rligrt;rl c'otnputer
wirs a prioritl'-*itlre the rllLlchine cottkl be ttstrrl'for,,rr.r'' t,1'Pe of ttLttrtericir,j

ctrkrrrlrrliorr irnrl not onlr' lirr pet,rolcrtni engiueelirt,g plrlblenr-*.':ru l{r.i"r,er,'er.

t,liis lvas rurt clriven ln' lrerceiver-i sulrerioritr'. '1'he arrirlog cornllrterur,irs lcss

of :r. ltrioritv becri,r-rsc its imrnec,litrt,e lrsc u'i.ls firr e,.xternal con-*riltzurcr''. FIere

\\,el see orrcrr: ag:r.irr t,hat Rirl<s sl,u'stra,ight, throrrgh t,he irrrirlog/rligitril tIiviric
to thc lrusiness operittions that the lllirchirlcs srrpportocl. The rligrta,l n':ts

rr,.rlriirerl bcctrrrsc it u'oulcl inrnre-cliirtelr- ltclp the glorrp rvith r:uncnl rvorli,
the analog u'tls leclr-rirecl bectuise it lr'orrkl signrhcant,lv extc.rrcI lhe groLilr's

sliills-bi-rse in ther k-rttg tctrn.
The BP engirrccrrs were ir\vir,l'e of the gt-.nerrrr,litv of ciigitnl cornprrf ing trnrl

kncrv t,lut nr:lirv of thc. ploblerns corrlcl ber soh'crl on cligital rna,chines brrt
that this r,vt-rul<l couie ri'itli extllr c'xperrse :i,nd size, anrl be tintc consr-rtrring irr

opel:ition:

]oBP (1957)
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Dr Birks, commentirrg on NIr Lor,vson's obsern'trtion regarcliug the rieecl

for' ;r, more aclv:Lnr:ed tvpe of nnalogue, srrggeslerl thrrt if the only pur-
pose of lr stnclv lvr-ts lr.r plcciict presslrro cleclirrc, therc r,l'oulcl be no

nt:recl for an ilnalc-igtre. Tiris corrlcl be doner si.r.tisfactorily on rl ciigital
nrnchine. Horvevcr in the st,ucly of tire effect, of gas injectic-rn, particu-
iarlv irr ir long oil r:ohtrnn. thc srrccessir'" lLpproxirrrLf ions pertbrnied bv
the ciigitrrl corlrl)utor [sic] rvorrltl be tirne-constrming. Such a ploblerr
r:oulcl be ]rrlriciletl rirpicll-v lt1' zLrr atttilo€lrte...

(BP, le58)

Despitt: this,:rrriLlog conrprrting \\'i-rs not c:hc-.a,1r. BP irrieu., fi'orn thc ottfsct
thiLt, the conrpulel reclltited lvr-iulrl ha,ve an erpt:rtsivr: cost o1 'lperhaps] severrirl

linres lhat of thosc trt plesent trvailable'.:j1 Hr-iwever. one of the englncers
colrlrrerl[ecl:

Tiie cconomies rvlLich ca,u be eft-ecterl by good reservoil t rrrrrlrrrf irtl,rrs
rualie the ciitfererrr','s irr Ir'it,- irLsiguificant. f]ie plinrarr'(ioncerll shorLlcl

lrrr rvjietlrcr iI tllolel :rdr.,irtrr:erl 11,1rc of nrilchirLe: is lecp.tilccl and if so,

the:,lirri -qhottl,:1 l.ie to proclrl:e a goorl rvorlialrlc uiilchitte, size being
ri:lirt ivelv uninrp i.rrt,:lrtt.

(Dodisev irr BP. 195ti)

Irr sLirr.urrul', Bf'trererleci ir'good lvorlia,ble nrilclline'to gir'-c them atr iu-
clrrstliiil ilrlvi-rrr1,irge. A lirtgt,r (,rxi)eIlse \\:ls (1c('rret.l rr:r:ovclablt': rrnrl ther.-situplv
opLcd for i,he techrLologr. thirt r'vorrlcl be-qt srLit, t,heir neerrls. Arrtrlog leclrniclrurs
hird irlrea,clr' provr:d srrit:lble in otlter oil cotnprrrries so thev crhost: Lo conunis-
siol. ir, crlst()m rllilcllille l-,ztsetl otI tllese teciutirlrtes.iil

On ir corpolilte levcll) il,Ir.tirlog,rdigiitr.l issLrr-rs \\Irlc uot a,rldtcsscri lx,'Bl'
publicitv: pless relcirscs rcltrling to both i,.,;pes urere tLseli to -qtrengtherrr th.e

irnirge of BP irs ir 1no(lertr, tc'chtrologv enlta,nct:d conrlllrnv. BP lLppeat'erl t,o

be erlu:r,1l1' prolr<l of both their riigittrl a,nrl ii.rurlog nrilchirlrrs rirrcl thi-s (iirll l)c
j,BP (1958).
lJrUtith rellrtion to clt'ctlicirl srryrirlv r:trlculirtions'Ivrnpirs (ll)9tl) ,rbsr:r'r'cri that networli

ploblerns rr'ere filst soh'erl i;,,' oftice-stvle cllt:ultrting rnrrchincs, tlien bv irritrlt-,g uulchines
anci firirrllv by'cligittrl colnputels. These shilts of ust:. rvhich he rlescrilied irs ttroviug'frour
cligitirl l,o i,uiirlog. urrrrl lr,rt'li' wete rlue thc shifiing lppiicirlrilin'of cach teclurologl'over
tinre. Oil reservoir cakrttlatiott rveut throttgh rr similirr c[r:vt:lt.,pnu:lt and BP's plocttrerneut
is inclicltive of the srrperiol trpplicrrbilitv thrit irrrrrlog tct:huology l;otrsted rrrounci 1{)60.

1-1



scerr in bhe 1963:rnnual tepr-rtt where the reservoir rrntrlvzel ancl tr. nelv cligital
nrilchincrrjlJ n'ere both annottuced and given eclual prominence.

On the conrpute'r sicle ottr eflbrt was concent,r:rted on prepirling lbr
the conunissioriing of the 1ar3,-e fFerrantil .\TLAS cornprrter w'hich is

r:oniing into use irr 1964.

The erxpLor-a,tioir atrr.l plorh.rction si<le of our bLrsincss has been rnuch

helperl ]ry rt-'seirrch. in parl,icr.rli,rl fionr the instrr,llation of an i'urak.rgue

conlpLrtcr.
(BP, 1963. prrge .i1)

Clompa,rcrl to the costs of ther A-fLAS cronrl;utel upwlu'rl of L2.5 nrilliorr.
the expense of tlte Ieserv()ir an:r.I1'ser n'oulcl ha.ve been ne,gligible. There a,i.l-

peilrs to lLiLvr-'beeu no elnba,Irllssnlent, a.ssocia,tecl lvitlr inslallirrg a,n ttrrrrlog

conrputerr', it r,v:ls uo clil{'err:nt to:rny'ot}rer tool. \\'e sor: lherefore lhi-Lt, BP's
irrdlrstritrl settirrg w.rii op€rl t,o botlL analog a,iirl cligital technokrgies. A lech-
rrologv's abilitv to cLeiivt:r resull,s wl-r.s the gr-errt,er concern.

The utility of the BP analyzer
'flr.e compr.rtei'rva,s a statel of tirt,irrt piece of ecluiprnerri, i-rnci the first reservoil'
irnil,ivzr-.r to be irrstirliecl in the UIi. It is irrt,'restirrg to e-xplole to r'vltiLt extt'nt
it girver BP a, comnrercitlL a,clvirrrtage i.Lncl to understa,rr(1 lvhy BP irn''esteri linrt:
iincl nroney irrto der,'elopittg rr. cotnputcr snperior tc, the Arnei'ic:rn rtrr,lchines

irrst;,L11td ilt, Carter arrct Srrn Oil.
Nlarrv fzrctors cotrtt'il-tittc'cl t,r the I)rtrclrl$o of the a,irirlvzer. ther origitral ino-

t,ivrtions cilme out of thc <.1uiui-trcirr,lenric culLrnt: of tlrr-. explr-,ratir'rn res,';r,Lch

t,l:anr. Tlu:1- r,r,ctcr ttol ,jusL set:kitrg irll of[ tlxr sher]f proclr-rct ]nt looliirrg iu'ottncl
to seer lvhir,t teclurologv u,rs bcirrg r-rseri eiselhere. IIou,ever, tire clistirrction
bcrtrvcerr BP leserilr'clL tncl irca(ler]Iic cultule u':rs Lhe a1-l1;liclrti,rrL Pelslle'cl-ir-,'
lha,t preverrtccl thern fi'oru errgirging first liilnrl u'itlr tlrcr reliltivc nrcrits of
tlnalog and cligi1-al. The u'hole process of vrsiting Anreri.c;a.rr re-te-.aLc;h ce.rrlers,

follor,vccl b1' srrit,abilitv strrchcs shou's ns ir s[long teciuriczi,] orierrta,tion. If
tlte c.XplOli1t,igrt reseirlClt grOrLp lLirCl beerr rngle br151ir1p55 s1 i-nt, ',1 f lr,.r' rr:,r:r l,l

ll:JThis rvas irc;tnally orvnetl by the Urrivelsity of Loncloir. BP plovidecl a rluirrter of the
frrnrliug a.ncl rr:ceivcrl tn pt.rrtiorr of conrputirig tirrrc tbr five.vctls. St:t: BP (f9{i1lr).
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rrever litrr,'e crritirlrrr:t.l ttre existing a,naiyzers to the point, r,vhere onlv a, lre\\r

clesign coulci be a vitrltle ploclr.relnent optiotr.
I'he rletrision to prrrchtrst: lhe anaiyzerr rerluilccl ir long-terrn vieu'of tLrcr

gronps ilclivrties. since fhe principle benefit, iela,ted to the grolLp's expiln(l-
irrg conslrltLr,rlrrv shills ra,ther tiran irna.11,'5i5 of BP's ou'n fields. Experrience
in reservoir sinmlu,liort. lvorrld irtrl-rt'ove their ccinrpel,il,ivene-ss in extelrral ct-irr-

tr':r"ctrns.

It r,v:rs poirrlr:r1 orrt in the riiscrrssion that possession of srrch i\ conr-

pnler rvrirrlrl rr,rsult iu Killilirrgton Hall obta,irring:r lvirlc.r expt:r'ierrce of
fiekl prtiblems; ir,t, the rnc.rnrent t,hcsr-. ploblenrs iue cleait rvith in tireir
etrt it r,1r Ir.r' .-\trr,'t it.rrIr ( (,lrl[):rlli('\.

(BP, 19.,-r7)

It is r:lt:ar []iirt flLe Lurah-zur \'va-\ Lr, lrighlv riesir:Llrle ol-rject. e:pcciirllr-for
Bn'lis u,irt.r gill'c lhc origitrill inipetrrs {irr ttrr.l installtrtiori. In t,he cortt,c'-x1

cil thc l:rt,e 195(is. embritcitrg contpttbat,ion;-1l -sr-111pe1t r,vas rrn incliceltc-,r'ot ir
ltrisinr:ss'rnorlcltrit-t'irtLtl u'rlrllllt. Fcit Bit'iis irurl thc lest, of t,he teser'Ltc:lt tuiLIIl.

nlorigsiclt, 1he ciirnl,xrt,cr ctirlrrrr flrr: sta,i.rLs of owning Lurd Llsing tlir: orr11. LfK
reset voir iInirl,\'zrl .

Successful orclinariness

Dru'irrg t,lrer fivc.\ieir,rs bet,\\'er:tr the iderLtiht,at,r,rrL r-rf thr-'rrt,reti ir,ntl tr\lI's cle-:lir'-

er\'. ilnirl()g corrLprri,irrg clicl rroi, loso ils aplrlicabillllr to f€)s('r\','ir t'rrgirrt'r'r'irr,;
proltlerrrs n.rrtl irr 1,he 19tj,l trntrrLrll roport,, BP lrrcserrterl the iurirlog colnplrler
i.l,s :r sLlccc-sslirl atlclitiort 1,o l,iurir rcsr:rr,r'ch esta,blislrrrrerrrt. ,\lt,horrgh thcrc: a,tc

f'orv sorri'crts lr.rlirt,irrg to the irse of thc r:ornllrtur;rff,el ils insl:rlla,Lion. llrose

th:rt'ur,er har,'e irrciir:iltr: t,1ta,t, if, r,vils vier,r,'ed as ir iJrolitrlble prr-rcrnrcrrterrrt. For

€)xirnrple. duliri,g 1963 Clili rerclltest,erl extra, stirff fr-rr' his Srurburv tersetr,tch tera.ttr

ancl thls wzls i1r palt rhtr,r 1,r-i f,lrcir t,cclrnir,'al irssi-stirrrt lleirrg'rtrostlv cotrcertretl
u,ith tire cornput,cr. The rrser of the conrputr:r iLt thirb time inclr-rcierl:r corr-

tlacl rnodelliirg lra,rtrirn oi1 hcltls tltrrl was r'vort,lt f20.t100 tt,ttttutrlll., rrnti Gill
r-'x1tect,er1 r,r'ork of tiris kirrd to'corrtinrre iurd increrrse irL the riext for"'1-uzlrs.'jr{

Even r,vith financirrg thc rtttlchirrc mnning cosf.s, ther sala,rr. of orre tecluricll
tLssist:rnt drxl llrL. oc(rilsiorla,l inpnt of ir l.'s,'r'r'oir t'ngine*r': :rrr l.Illltttrl irtcotne

3'rC+iil (1963) pagr: .3

l6



o1 lialf t,he ir,rrilh,'zer's valtte olt one corrtriict'll inclicrL,tts thrit the r'r.nalyzer rvirs

inclet-.cl a, snccessfttl ptu'clLase-'a,trcl th:rt thete rvtrs er rna,rl<et for BP's consnl-
Liurc\. serviccs.

\\te rlci nt.rt linor,v 1vl1gr1 t,he contputer r,r,'a"s tlcconrnrissionecl but i;1. 1975,

rrost, irni,llog crolrrl)1lter trpplicatiorls i-urd insterlltrtions hirc.l clisirppea,r'ecl chre to
the tir,stel speecls :rnrl lcirvel costs of rligitrLl t;ornpntt-:rs. Altirorrg-h ilrrclias-
ing a,rr n,n;,rlog corriputer wir,s rir seusil.lle choice in lhe earlf i960s, ll,'the Irrte

197(ls, t,he ph1'sir'i-Ll rrrocielling t,ecrhrrirlres chiuir,ct,eristic to anrrlog c:ourputinp
hircl becn repla,cercl b-v svnrbolic rntrthernatical nrodelling rrsirig rligitrri com-
prrte:r's. TlLis hiLrl tlie result tltar,1, r'esr:rr,.oir errginr,rering lextlrtiolis Lregilrt tcr

pr'eserrl thc ploble.r]1 of roselvoir simlLlii,tion irr t(.)r'rrls ol softu'a,re sirnulat,irirr
a1r(1 lna,fhr.rrLir.ticirl rnodels. insl,eir.cl of irrtroclucing the c:onccpts of thc hr'-
,harriicri'electlouic iurirlo,g\' l,,cirirrci lhe Bi'rrce anirh'zerr.rt' if LIP firllorverl the:

lest of irrclustlr.'in replacing a,nu:rlog rvith digitrll. therr t.hc rrornprrtcr rvoulrl
hrr.r'r: lLacl ir lr,r-,r'king lifr: of bctrvr:en five ancl tcrr yeilrs.

'Ihe IJ[) storv plor.'icles:Lturt,ircr t:xrlrriplt-. of z.Lr] irrrpoltl,rLf irpplirrLti,rrr trI
ir,rrirl().g conrpr-rting lo intlrrsl.ritrl i:rtoblcrtrs. \\e hllr,'r-. -',er:n tirat, it \\'a,s corllrnel'-
r:rlllv vlirbic in 195cS lol n l4lrbrrl t onrpa,nv to invest in it,tL trrurlog- r:ortrpritcr irrtcl

t,lLirt, tlrc'crLgiueers in ottr itLrhtsttiirl sel,ting \\rcrc hapllv t,o rr,crcerpl, ir specill-
J)r-r.rl)os(] r-rr iimitecl-pLrll)osc rrrrlchiirr,r. Allrrays ciliven bv ir neerd firr a,ccrrr;rt,e

lcsclvoil irreclictiorrs. tirev diri not sercrli the'gent:r'alitv of rhg,-ital corrrprLtatiorr
or iit,terl]1)1, to irnoh,'e thertrrselves irr rlisr:rrssions ovel tlte lorr.g tcrrrr cft'ectivr.r-

nt,rss o1 :r,rrrlkrg f ecirnologr'.
\\,'irerr llambclg ('ll){l()) u'r'r.,f,'f L,'histor'1'of BP lol thrs pc'rior[. her incirrr,lecl

a, ciLalttrlr on computel llsc r,r'ithin the t:ornltirrn'. Flolvt:l'cr, in this cha.pt,er'

no rcli'rlt-nr:r.l to tlu-- ENIt-\(l II r,r'ir.s irrr.rr,ler. This is rrot -snllrrising sirtcrt,: tlLc
nir,rrativt' r,virs rlornina,tecl by thc r-leveloprnenl of OR rnethoclologies ancl the
rrsc ol 11igita,l crortrirut.ing itr lrtLsinr-'ss Irrrurirgerrlent. SorLt, histori;rns rniglrt
clu,irn thtrt this is ari exarrLlrlr: of 'pre.sentist'his1,olr. t,he ignorancrt: ol irnulog
corr.prLtr-lr historv itr ther light of tligital corttputing ir"ncl its dr.rrrriuanct: tocitn'.
Hor'vcrtr' lliis is trot the r:asc.

I"irsflr,. Biirnbclg's t:xc:ellent itccorrnt is cerrtlir,llv alrorrt, tlte conrir:rirv's
lrrrsirress trctivities and the ch:r,rrges iurrl tlcvclopnlclrt,s iu lher rnanagenrenl ol
,-l,rl,;rl,,ii,Irtlitrg tlLe I;rttt't-lt,rtl ol tlr,'r\\'erlfi('Ilr,','trftur-.t; \\'lr,,r'r';rs flrr'rir'-

il5Tlie brrcLgetecl plice of the E\IiAC II wiLs
3t'Courp,.,re Cralt a,nrl Hrnvliins (11)i)ll) p 2()fi)
:J7See tlu: r'e','ierv i-r.r'ticie ln'f)t'ltt (2001).

strar.lcrl] ll'oru ihe theuttrtic ctiiterertt:c' of tltc

t-ro,000.
-21,{J anr-l Perrccuriur (11177) pp I 2.

In iil<:t, Priitt irlentifierti tirirt this chaptel
lest of tlie text.
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vclopr]rent of Ofl. dicl liuli lvith gkrbrrl business opel'atiolls, a srna,ll lesearch
tt.,trl itt Sulilrlu)'\\'rts nlol'e a cctg-rrt-th,r:-rrttr,cli'i,rte bhan ir, revolutionarl'zr.s1-lr.ct
of the business pl'octtss. Seconc[i\', frortt tiie pet'specrtive of tec]Lrtica,l itttto-
virtiorr at BP, olrl Colnpltter r,r'els of srniiil historical significance. BLtilt to
Ll specrificirticin tlttlt lt:-t,tset1 ltrirrciples cleveLt.,pr-:ci itr Arrtericir.n lesetr,rch. tht,-

Il\'IIAC II inst,irllirbiott r,v:rs not tr, grotrtrr-i brciahing mlchini:. rrnrl neithcl wlls
t,lro Ieseirrch prepiu'ercl rrsing it, pirrl,icrtla,rl)' l'(-'\'ohrlioni,i,l'\''.

\\rha,t nukes str-r,lvrrrg this cr)nrptrtel irrf,erresl,ing rs l\,hirt lrras errr'lier irlen-
tifiecl as the irpplicntion persperctive, tlte errgirrr.ering cnltrirr: thirt souglrt ancl

rLst:cl ilnak)g cornputalionirl ir:jslsti,rrrcr.. In a serrse, the inportance of rhis
insta,ll:ilion to thc irislorl'of c:oniprrtirrg is its orclirrariness. a,u irttribLrte thrrt
rrui,rrifc-st-s rtself in thc pcrrrciver.l uninrpol'l.ulc(-, of thc r;ornpntt:r' in t,hc grarrcl

tla,jectorv of the ]rLLsitress. In fact, thc 'r:og-in-tirer-r'vheel' nretzrphur ir l+'rrtitL.'s

rrrrtlt: thitn jrLst tlitr st,atrts of the a,rl.rkrg cionqlrtcr'. buf r:an ltrr tirliun as iul
r1hLs1 r'irfrori of tlu,'-qtiil,tts t-rf tltt: prrrsorLrrel lvlio r,vor'1..e(.1 irl'or.ur(l it. \\'hen (iill
rerlriested cxttrr sf,irlt ft-rt t,he giotLp lrt: rie,'st'r'iber.l the tr:ilrn trs:

... ir sruirll bi,rl vcrl'l,ctir'r: grorrlr rvolliinq on a pro,jcct u'lrir:h is clsc-
r'r.lIcle teceivitt3 it g1 ('l,t rL:i,11 of i'fli)rt, i'r11(L attcrri,ion. Tlrc glrirlP 1orIrilrs
(ancl rIcsr:r'ves) strpport itr oltler f,o be irble to rrrirlie ils ollu arle<1uir,ter

r,:ontribrrtiort. trnr-l to gairt rtrirI rrrairit,lrin ir plrrce for BP iri tfre Petlo-
lerrnr (ieo< ltcrnist,rt' fiel[.

Lr Gcoirhl'sir:s ilrtrl esper:ilrlLv irt seisuric t,heoretical, fielrl, tinrl litbo-
rirt()r'v (niocletl) rvorli, r.r,t-' rlo rLot, t,hinli tlrt,' c|tiurtitl. :uic1 c|tal.ilv ol
tlit: orLtput rer;eir.'cs lvickr or' :t,rlcrlrLiltr: r'euogriitiori rvithin t,1rt,: f.lrtnr1t;rrrv

lrirrt,lv becairse 9f l;5 -s1rcr:iillise<1 irncl nrrrthcrriatica,l. ancl illso its lt-,rrg

tcr'rrr natLlre.
(clill. 1e63)

Il-xplorntiorl lesearcir plirvecl iul iulportirnt bLrt often lorqt,ffen lole in the
lirrgc: cornrnercial ircfivitv of t:x1;lorzltion, pro<hrctiorr i,rncl rcfining of orl. \\then
i:t, rre\\: tr-rLrllog colr-rputer u'it,s irrstirlletl. the g1 oup rrcrhiovecl rccogrri.tion l^'t:or'-
porir.fcr lt.-ve'l public lcllr|iotrs. lrorvcvtrr'. lhe atrir.iog comprrtr:r' rprickll' ltecirrne

forgotten irs its lrsc sliplreti irtto tltc tpriet ancl oltlinzrrv trctlvities of t,he Irilniarr
rcseiu'r'h contlrrcts. Horvever'. cLespitr: this lack of recogniliorr the er1;Lrr;rtiorr
fesellrchers had specific rvorli t,o clclive.r and to rlo this, tlierl'r'elierl on the
speciirl pulpose teclrrrologv clf thr,: irntLlog comi)uter. Together'. thor. tlrcl this
lvell.
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