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M.ETHOO AND SYSTEM FOR ASSESSlNG EXPLORATION PROSPECT 

RISK AND UNCERTAINTY 

The pre&ent invention relates generally to methods m1d systems for assessing the risk 

and lincertainty elements of exploration prospects priort6 drilling, and more 

parUcuJariy~ to enhancing hydro_c.arbon acquisition and ·developrnent suc{;ess rates by 

accurately forecasting potential risks and uncertainty elements irt an integrated 

I 0 cnvironmi:mt 

BACKGROUND OF THE !NVJ~J'f[IQN 

SubsuiillCC evaluations of oll and gas reservoirs are: ai\vays subjci..-::t to lin1its hnposi;;d 

15 by data tp..tality and availability, resources~ tin1ing and costs. J\s a C<>nseqnen~e~ 

decision rnaking should include conside-ration c.)f t11t- risks and unc.ertainties associated 

vvith an c\~aluation o-fthc prospects and/or reservoirs. J)ecislon analysis rncthods -for 

evaluating and-eonunqnic.ating the ris.ks-·in tern_1s ofoutco-rnes~ given soinc defined 

probability dislrihmicms, are intended tD be unbiased and ac.cumle, However, 

20 comparisons of forecast and actual outcomes for projects typically show that more 

projects outcomes are bdow the median forecast (P50) values than above, indicating 

that in general the input prnbitbility distributions used are inaccurate and biased. 

Evaluating the potential production of hydrocarbons from an exploration prospect is 

25 in1portanf in delt-rn1ining lhe econon1ic. vfab1Iity of an oil; gas or oil~gas field 

developrnc.ut schctne. /\n cx.plortttion prospect can include one or n1ore subsurface 

structures- that inuy oi· rnay not be hydrocarbon reservoirs. Sc\'·era1 tc)nls exists \Vhich 

assist in n1uking suC-h ris-k an.d llncertalnty ~valuations and r:iredictions of quantity and 

comrnercbl viability ofhydrncarhons, Thcs'' tools also assist in deciding how best to 

JO {1evelop a field and ho'\.v to plan fOr co.ntinge11cies related to the unc.ertaintlc-s .in the 

kno\vledge of the snbsurf1ice characteristics of the field ih ~1ddition lo u.nc.ertainties 

associated \v1ih hnpletn-ent]ng a particular field devclopn1ent sche-n1e. 
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SoftV-.·'Uf;;:~ tools additionally exist fot assessing the difference bet\veen acttu~:l and 

predicted outcomes for the devdopment oflhe field which allow tlw user to predict 

volunwtric output bu\ not necessarily the ability to recover hydrocarbons, or the 

con1rnercial viability of a specific hydrocarbon reservoir. Suc.h k.novv'n Sf.di\Varc· tools 

5 provide a.single reserv'oir analysis·\·Vithoin a broader nndersia.nd.ing qfrisks- e!ei:nen.is 

of !"he t;.:ntire prospect such as~ structural ·intcgrit}'~ reservoir quality, and amplitude of 

each reservoir within a prnspecL Availabk software tools provide .mdhods for 

separate analysis of risk and unc.crtai11ty associated \Vith a single reservoir ·risk 

clen1ent Jn other 1.vords} lhe risk and unce.rtainty for each reservoir risk ele.n1enl is 

I 0 analyied separately and such methods do not aceoutlf for the interrelations and 

dependencies between the risk elements within a petrolernn system. 

In reality the reservoir risk e1ernents arc .intl:rr-elah..:.d ~~nd dependant o.n one an()ther 

and need to be e·.,/aluated as a \\i}1olei on a reservoir le-vc! and cvent.L1ally nn a prospect 

15 level, to ensure commercial success of the hydrocarbon prospect As used herein, the 

ter.n1 risk and/or uncertainty·e!e.!ncnt(s) nH.~ans the risk and uncertainty associated \Vith 

an identified subsirrface characteristic of interest Another issue with the prior arl 

sollware tools is that when d.itkrent to()is are used fr.1r risk and unccmainty n1alut1.tions 

of different characteristics of a pmiku!ar prospect or r''servoir, each nf those tools 

20 \viii have difJering graph-Jcal user interfrtces that require the gcologisfs or petro!eurn 

engineers to use valuable tirne to learn h(J\V to use each of rhe tools. 

Whik prior at! methods am rnpable of measuring the unccrtuinty ofspecific risk 

a:Sf.X!Cts of a particular reservoir there are currently no knO\-'/n rn_e.ihods of C\'alu.ating 

the OVt.':.raH risks and ance1iainties. on a prosp..::ct Ievt~1 in an intt~grated cn·viron1nent 

1'hcre is a need. J(.)r f-ln integrated environrnent \\'liich prov.ides a c.onsist1.~nt graphical 

u~er in.terfacc f{)r both input and output th~~r cna.bk.~$ a 11ser to be able to intedi1c0 \:v.ith 

n1ultip!e r~Bervoir evaluation. tools \\-'ithout having to use valuable time to k~arn 

111u.hipi~" stYH.v..~are applications. ·rne present invent1on thus p:rovides an efficient \\.'ay 

30 of stnring and accessing inforn1ation regarding the entir{~ petroleurn. systern, prospect 

and re-serVt)ifS, rv1ore'OVe1\ because the tcservoir evalu.atio11 toolS·Oflht• present 

invention tiiilfzc. U1(~ data stored in the i1)tegratcd Cnvironrnent, the data u.sed fc1r each 

evaluation \vi!! be consistent. 



WO 20081088636 PCTIUS20071087690 

Petro!eurn co111pan.ie3 eva!u~~te bundreds of prospects a.round the \vorld at any (1-rtc. 

titYH.:\ hn1,rcxving th.e hydroc.arbon acqui-s1ti6n and deve1011n1(•·nt sucee:ss rates by· 

accurately fOrecasting potential risks. and. unz;.erta.inty·elen1ents, even a stnaH iiaction, 

win save petroleum. compani.es pmentially billions of do liars, Continued widesprrnd 

5 and ·variable inconsistencies bet\"<le.en predicted reserves and fi:e!d production shov; 

ther~' is a need fbr n1cthods~ sohYvare tools and. ana!ys(~S \Vh.ich can (1ssess the 

integr:at1;xJ risks and confi_deric.e of each of the hydn:)C.4:u·hon reset\'{)jrs and the entire 

prospect. ·-rhc present i~Tvention. is intended to address· th.is n-ecd. 

10 

'f11e present invt'.nt.ion overcornes the abovi;.~:...J~~scri1)ed and other shortcornings of the 

prior art by addressing th_e need for an .b:Jtcg1·at~d as.sessrncnt of the risk and 

unc.e11·ainty of an exploration prospect. 'The present invention includes an ·integrated 

15 i.;:_11vlronn1ent \\.rherein each rlsk e1en1ents of eael1 reservoir ol' interes:t is evah1ated and 

consid.ered \.vithin the overa.ll prospect revk;"v~'. 

()ne t:.~rnbochrnent of the: present invention includz~s a lnethod fiJr integrating rnu!tipk:. 

ana!:yti.cal processes for evaluating risk and unce:xtainty clcrnents of ~tn exploration 

20 prospect cllle method includes defining at least one exploration prospect in an 

integrated envi'ronrnent~. and de-fir.ling at least one rese.rvoir for a reservoir included in 

the exp1oralion prospect ~rhe nlethod .ab;.o include.s de_tlning paran1eters tbr a plura:iity 

of res.erv.nir evaluation trh1ls for the reservoir ln the Integrated e11virorunent. T'hc 

1nethod fl.:irther ·includes ar~plying onl.'·of1hc rcsc.rvoir ¢.vah1~1tion tools to a ~~ubset of 

25 reservoir inf(~rrnat.ion, and -integrating the rtse-rvoir evaluation tool results and data 

regarding ihe explort~tion prr_1spect find the r".~servoir to ~p;~ni::~rate a risk and lH1certaint)"' 

scorc,:ard in the· integrated 1;.:.n.v)ronn1c.nt 'fhe rnethod includes repcr-:iiing the above~ 

.described steps fOr c:ach oft.he pturalit:'r of reservoir evaluation tools '<-Vhcre-in e-ach 

reservoir evaluation tool is applied to a rel ate-d sobsei- of reservoir Infbrxnation~ and 

30 eac.h risk and uncertainty scorecard has a c<:nnpatab!e output fonria.L 

i:.leter1n.inc t11c dsk -and tff1<-:ertainty ;,.v1th sueh reservoir chtu·acteristics as rf..~scrvn~r 
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axr1plitude, reserv'Oir seal capacity o:r quality, rcservojr volun1e and visuahz~n.ion~ ·and 

hydrocarbon charg.(~. 

'fh.¢_'. pn:.~se.nt invention inciudes an iritegratcd c.rrvironrnent \Vhcrein each of the 

5 reservoir evaluation tools util.izcs sh-nilar graphic.al user inlf.~rfa1ces. 'fhus, a user only 

bas to kam how to use one evaluation tool w evaluate a petroleum system as each of 

tht~ tools \.vi!! have sln1ilar .fi.rrn1ats. ;\s used herein the present invcnti_on inc.ludes a 

"rcservoit cval.uation lool'' that terrn ls used to describe evaluation tools that are used 

for assessing tl1e_ risk and uncertainty associated \-Vi th petruleurn systcn1s. prospeets 

10 and. n.~servoirs. '"rhis elcrnent of t~he present invention greatly reduces the thne a 1.!scr 

\viH ha.veto spend lea.rning each of the evaluation tools by giving th'-~ user a sin1ilar 

1l!ooku ~:nd Hf0e!fl for each of the rescrvr_iir e·vaiuation tools in the integrated 

environn1enL In one e.n1br:rditnent of the pn.:.'.SCnt invention~ the risk ~u1d unc(~rta:irity 

scorecard gcn.t~rntt:d for eac.h of the reservnir·c·va.tuatior1 too!s include sirniiar 

15 graphicii! output~. 

As described above, a hydro,:arbon prospect or reservoir will g() through many 

evaluations through the hf~' of a prej-cct Petr0Jcun1 con1paniJ.:.~s need to constantJy 

evaluate and measure risk and uncertainty of the hydrocarbon prospects and reservoirs 

2U in their portfolios, A company's portfolio may contain hundreds of hydrocarbons 

prospects and reservoirs 1 botb potentia1 and current~ v.fhere. C\··aluation$ on those 

prospe\:t3 and reservoirs aie be:ing conlinuou~ly run ff{}H1 initial ide.11tlf1cation and 

exploration to the last stagt~s of product.ion. ln on.c :;.~rn.bodirncn.t of the present 

hrventlon~ the integrrH:ed environrnent aHo\vs for int('Jrrnation -regarding ~~n ('.X_plufntlz)n 

25 prospect und associated. reservoir to be stored in-the integrated e11vlrorn.nc.n.L 'The 

present' .invention lhuS provides t~n efli,;.:i:.:)nf \Va:v.· 6f storing and acte·ssing infnrrnadoJi 

regarding the prospect and reser\.t-CJirs. l\1oreovt~r, because the reservoir ev~\luatii:.n1 

too.ls of the prcscrit in\-'.Cntion utilize frH .. ~ 'z1aJ{.l stored in the i.ntegratett C.nvirorrt11.C11li the 

data used for eaCh cvalua1lon \v111 be consistent 

1t should also be appreciated· that since the prospects and reserv1Jlrs in a c(n.npa.n;,'s 

portfoHn can be stored i11 thc integrated environn1ent oftht~ present in\1en.t:ion.: analysis 

lnuld be. run at the portth!.io Je.veL 'fhat analysis ccJtdd inc!udt ld~:nti.t)ring the hlgh 
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r.is.k prosix~cts~ cost ~u1al:ysls a.nd assessing vvhich prcJ:;;.pe<:ts or :reservoirs are ready to 

go fOr,vard and be ch.~vt~Iopcd. "fhe integra~ed enviro1unerit of thi.".' present invention 

addltlf!:naHy provid.es a n1ethod of en.Suring thai each prospect or reservoir \Vithin a 

cornpany's portfOHo goes through t11c Slin1t~ an~ilysis and cv1~.luations. 

It sh_ould be' apj)reciated that the exploration pro~:;pect characterjstic.s can include the 

nan1e~ loc1ltion and. tyrK~ of ihe prosp~~:t and/or rcstTvoir. 

Because of the highly sensi1ive nature and. comniercial value of the infonnarion stored 

l 0 within the integrated environment, one embodiment of the present i.nventicm .indudes 

25 

a security fQature, \Nhcrcin accCS$ privileges ·n1usi be granted to a user, 

It shr..ru1d <.'lJso be appreciated that the .soft\vare {.~n1h{H..1y.ing th;,;,: presen.t invention cH.n be 

stored o-n ·various t~lectronic 1n<:ans such as hard dri"/t;.~, itiscs and other rccr.}tdablc 

rned.iun1. 

1\dd1tional f¢atures and advantages of the present invz>:nHo.n are descdbcd in, and \viB 

Ix> apparent from, !he following DernHed Desniption oflbe Invention and the Figures. 

·n1csc and other ol:\)ects, foaturcs and advantages of\he present invention wiH become 

better understood ·1.vlth regard tiJ the foHovv·ing descri.ption, pending clairns a:nd 

ai;,~con1panying dJTtV1-·ings \.vhere.; 

FlCJ. 1 shO\·VS ·it flo\vchart H[Ustrating an overviev,' of steps taken ln a pref,~rrcd 

en1bo•J:in1<;.!nt of th~~ present invention fqr dctennini.ng risk and uncertainty elernent8 of 

an exploration pn)spcct in an integrated environrnent; 

30 Fl"(}. 2 ~ho\\.'S ·n ·JlcJ\.vc.hart of the steps used in a preferred en1bodi.rnent of th{~ prese.nt 

invention !in' deter11rinirig resef\lOi.r an1plitudc risk and ·uncertainty; 
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F(G, 3 shO\\.'S a 'flo\.v(:h~u~t of the.steps used in a preJf:rred ernbodln1e.nt {Jfthc present 

lnventi(Hl fi::ii detc~nnining n:.~servoir seal c.apac.lty risk attd unce.rfainiy; 

FIG, 4 shows a Jio\vcharl of the steps used in a preferred embodiment of the pr"sent 

5 invention fbr dctcrrnin!ng reservoir volmne- and visualization risk and uncertainty; 

Fl(J. 5 sho\::1/£ a tlo\vchart of the steps u.st:d in a preli.~rrz.'<l eir1bodin1ent of thq present 

invention J{)r deterrn:h1h1g hyt1rocr:u·bon Chtirge risk and un.certain·ty: and 

10 FI(}. 6 shcnvs a ·fl.o\.vchart of the steps used .in a preferred en1bodirne:nt oft.he present 

in\'e.ntion for generating a risk and uncertainty scorec:xrd, 

15 'fhe present lr.rventton provides a novel tool cu1d n1cthod fi.n· in1egrati11g dj fif.,rcnt 

evr:duation :processes fOr e1ialtu~llng lhe risk and uncertainly e1en1ents .of exploration 

prospects prior to drilling. Accurately forecasting potential risks and rmcerlainty 

.;Jen1(~nts incre~~sc hydro(~arhon acqtdsition and de.-velop1nenl success rates. 'fhe 

software tool of the present invention is rcforred to herein m the "Advisor Workflow" 

20 or program. 111e Advisor Workflow is the software framework used to integrate the 

reservoir evaltnulon soft1.vare tools~ 1.vhich evaluat('. the risk. and uncertainty associated 

\Vith va1:ious prospect and/or reservoir attributi:.s. C~apturing and integratlng tisk and 

uncert11inty Infbrrna:tion for each reservoir 'vvHh-ln a pf<'.)Spect is in1portant for a fuH 

t-ind.erstand.ing oft.he exp1oration prospect or petroleu1n systcrn, 

25 

'fhe reservoir evnluution·soft\.vare tools -rnay include. t061s for detcrrr1intng the risk and 

unc1i:rtainty associated ·-;,vi th reservoir arnplitu.d.e. reservoir· sea1 capacity or quality. 

reservoir ·volun1c and ''isualiza.tion, and/or hydrocarbon c.harge (referred· to 

individually HS -~1{(~se-rvoir r:.va!ualion 'foo!'~ {IT eoHectb-ie!y as -~Reservoir F·va1uation 

30 Tools"), Those skilled in the a11 will appreciate thM there are rmmerous other 

subsurfa.ct.~ attributes that .nKlY be used in a reser\/Oir t~valuation too! for deh.~r1T1ll1ing 

the risk and u11(:erht1n.ty asSoc1ated \Vith a.11tr:spe·c.t. By \VHy o-f exan1J)]f.~, and not 

Ihnitation, a reservoir evaluation tool n1a}' deter1nine the risk and uncertainty 

·~ 6 ~ 
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assoc.lated '\.v.ilh the likelihood of deep\vater reservoir presence, ..-'\dd.itinnaJly~ the 

integrated envi-ronn1ent of the present invention can also include relatc.d analytical 

tools associated \Vitb evalua1lng the prospee-ts and/or reser1lnirs -su.ch as colu1nn height 

calculator~ vohu11e: estirnation tor.1.!~ arl-d arui!og catahJt;i, 'ft:;r deep\vater 1-eservolrs. 

l\s one . .ski !led in the art can apprcciate._o reservoir characteristics or attributes such. ~ts 

arnp1itude~ st_~<.d capacity n_nd/or '\/()l1..n11e Bnd visuailza~ion are quantified through the 

c.olJcctJon and.analysis ofgcologica1 data. T\v(} lltain typt:~s ofdatacorne _f"l'orn \.Vell log 

and seisn1J.,: data. Seis1nic dat'1. !~· cfn1sldcrcd in the ;;Hi to be. '\;;oft:: d.ata. Selsn1ic data 

10 must g~> thmngh multiple highly interpretive and analytical steps before the data can 

'' l ., 

bi;,'. used to interpret the attributes of a prospect or reservoir, Even_ at).e_r the data ls 

processed and in1aged, an experit::nced. gi:'.(Jlogist rnust stin interpret the various 2I) 

and 3.I) geological n11.H.i{~l.s t.<> identity polentiully Jiydrocarbon-bearlng substu·i'ace 

fom1atio.ns, \\fer\ data ls considered lo he Hhard.F dnt.ri_ as actual geolo.gicat forn1ations 

are sarnp!ed or recorded to provide a lnore. realistic detennination of the subsurface 

geology. l~lovvt.:ver, exploratory ~vef!s are expensive a.n.d durin.g the- .initial stages of 

exploration n1ay not be available ft)r a particular arc.a, _E·-,tcn if \Vl'..~11 togs a.re available 

J()r a p~1rticular prospect or reservoir the::v gc.neral!y provide sparse i_n.tOrn1ation on an 

entire prcspecfs or rcservnir's geoiogy ~ts vveH logs are accurate only lor tl1e geology' 

20 -in the.~ vicinity of the borehole. Petroleurn conrpanies arc const'~u1tly C'i."aluating the 

quaHt:y· and the risk and uncertalnty of the data f()r: a given prospc'.ct or rcst:.·rvoir to· 

dctem1l11e the con1rncrc-ia:l viabll.ity of exploration pro:>pects and prnclucing reservoirs, 

'[lie :present invention provides ar\ .intcgratc~d ~-nvironn1ent y.,'herein reservoir 

eva!.uation toots \Vhh.:h dCten11l11e Tnultiple risk an<l. uncertainty elcrn.c'.nts ·effic.lently 

25 ru.1alyzc the ~an1c data~ charactcristi;;.~s and par~rrneters of a given prnspec.t nr reser\tnir. 

/\. pros.pect is i.de1H'ifi.ed as having pot.entia! n.~C\Yverable hydrocarbo11s, (~co logical and 

geophysical cb:tta is c0Ilec1ed fI.1r 1l1e snbsurfi:lce-ch,uraeteri.stics of the potential 

reservoirs "l.vithin the prospect 'fhe reservoirs co1nprising the prospect can be 

30 addressed indh.riduany or can be ad.dressed collectively o_n i1 prospec-t Je.,.,.e! using the 

Advisor VVorkfiow. ln either case the prngrnm user answers questions rdaKd to 

subsurJiice. churac"terizatin:n data availability and qunLity thr each risk a.speer ·\viihin 

each Reservoir Evaluation Tool. 
,, 

• I • 
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The Advisor \Vorkifow links mid integrntes the Reservoir Evaluation Tools cre!lling a 

co111n1011 interf'ae:.e a.nd co1nrnon output fornu.11S,., pe:nnitti-ng user.g to learn one too·! \Vith 

the ability to access and use al1 of the llese-rvoir EvaJuatlon 'fonls. (Jsing a v ..... eighted 

syste1n, th.e /\d'v1sor \"Vorkf1o·v,.' generate-s a risk arid unc.crta.inty scorc;;.:ard fbr 

5 suhsurt&ce. attributes or eha:racterist.k:s us:tng the. results fforn a Re$crv0:.ir F,..-a!uati()n 

'fool_l and the 111forrnaticH1 regttrdit1g the· prospect. and reservoir characltT.istics .. Each 

Reservoir Evaluation Tool can be applied to each reservoir identified within a 

prospect The Advisor Worktlow will provide a risk and uncertainty scorecard for 

t~<tC'h Reservoir Evaluation 1'ool applied lt) a t\~Servoir vvithin a pro.s:p1:.~ct 

i\s dese-ribc<l~abovei each Resenl-·'oir EvaJualion 'fooI a..nalyzes a spcciflc prospect or 

r;;.~sen.ri::~ir at:triln_.ite using a.Hcrlz~J> of questions,,;\ user.ans\".-'ers thost question_s using a 

set of ~~HS\.VCfS \Vhich have been gcn~·-rated ~~n<l \.vcightcd by cxpcrie1tccd geologists~ 

pctr{ileurn engineers~ geophysicists and other analysts. ·rh.e \veigbted ans'p,re:rs ate then 

utilized to gencrafr:<: the rlSk and uneerta.inly scort:c,~rds. T'fnis, k~ss experieneed 

person.nei can benefit fro1n t11e expedencc ofa cornpan;/s rnorc season,:d personrv::l. 

'This.1s cxt.reJnely hnporiarn. in the petro-leur.n ind.u~try, ·\vhcre as n1e_ntioned; rnuch of 

t11e interpretation, proce-ssin.g (.Ind even in some cases obtaining data is highly 

interpretive, Suee-essfuI petroi.e.un1 cornpanie:-S lu;1ve. be.e.n thrQugh many trials and 

20 tribulations in finding and pr()ducing Ct'.;n1n1ercia:ny viable hydrocarbon reserves, 1"be 

experiences and analytical skills of the seasoned personnel arc invahrnhk The prcs('ni 

invention pro vi.des n n1ethod \Vhereb~y th_e experli.':rlces and analytical .skit ls of a 

cornpany's St)asoned personnel. cttn be preserved and utiEzed by less ex·pe-rier1ced 

pcrson:ncL ·rhe present invention thus 11rovl.des an analytical tool 1a,-'hich pl·(:tvides n-

25 consistent evaluation of a con1pany's portfolin- ofprospe-cts and reservoirs. 

Petrolcu1n cornpanies typically reccivt data in \rarious f{)rn1ats il\)ll1 n1ultiple vendors 

.ou1d the present in~...-entinn additionally prcv\. ... icles a tnethnd fl:n' efficiently gadlcring and 

processing d.ata to prnt..ddc a eo1np!ete analysis of the prospect for z:.t:.}n1mt~rcial 

30 viability. The Advisnr Wt>rkflow results for each reservoir are available for evaluation 

and cornparl.~on. at the reservoh· l.evei and at the prospect le·vel, pi:-oviding an eJT~c.icnt 

basis for the prospect production tOretasts and reserves z.~stirnates and ('.an he 
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perforrned hefi)re. investn1ent 1n drilllng and the cnUection of hard data, suc:h as -.,ve-U 

log da:ta. /\_s the prospec.t evaluar.io.n. proeess rnatures <1nd rnore inforrna.tion becoines 

available tho initial Advisor Worktlow results can bt• used for comparative r<,vicw and 

updating. This providus a mechanism to continuously fine-iune the prospcel 

5 evaluation pn">cess to accurately- .foret.ast potential risks and uncertainty e!en~ents and 

incrca.se hydrocarbon acquisition a.nd c.J:i,-::,,.l_~l.opn1ent sncct:ss rates, 

!'~<J\-V each of the above steps in one einbo<lirru::nt of the _prcs.r.:.·nt inve>ntion \;vHl be 

described in greater detail. Fig. l illustrates a workl'low of one embodiment of the 

l () present invention. /\ prospect is defined as having a potrntial of a plurality of 

hydroc:arbon rec-n'Very reservoirt1. 'fhe .first step in the /\dvisor \\i orkJlosv prcB::0s$ ls to 

de11ne an expJoratlon prospect us·ing geographi.caJ and g1..:olf}gic-al inJom1aLion 10 . .t\ 

user enters. inf;"Jrrnatlo-n in tbe integrated environtnent of the ;\iJvisor \XtorkflO\V such 

as the prospect n_an11.\ residing c.ountfy} block~ latitude and longitude to defin_e the 

15 prospect. Other prospct:t information which can also he entered is r:xpected 

hydrocar1ton type: oi.C. gas, and/nr rf)i:<tnre~ the bas.in iu1d ge'.o!ogic t}'PC'., such as: 4-­

way trap, stratigrnphi<' trap, rnmpressionaJ !food, snlt related strnciure, U/T or D/T 

20 

friuh trap, and chan11el/overbanlc In a preferred en1bodlJ11ent~ the /\ch/isor \V'orkflo\V is 

a s~~cured cnvironnv..~nt~ perrnitting the t:tser to identify r!1e1Tibcrs and access privileges. 

'rh(~ next step illustrated in Fig. 1 iB d.efining the geologlcal and geo.physica.1 d~tta th.at 

has been coHecti:d for th.e subsurJ~1c~ charac:tcr!stlcs of the. r:!otential rt:\5ervoirs Y.lithin 

the prospecf 10. ··rhe reservoirs C<)tnprising lhc prospect can be addressed indiv'iduaHy 

{Jr Can be addressed c.o.llCctivcly 011 a-prospect lt~\-·-c~l using the 1\dvisor \"Vork-J1ov,r, 1'he 

25 /\dvisor 'Vi.1orki"lo\Y us~r enters generic reservoir in!·hrn1a:tion fot each_ res,~rvoir of 

interest in th~'. prospei:.-:t. lnftn111ation relating to a reservoir suc_h as the reserv-r.1)r -nar-ne~ 

st.atu,i.:;. structural trap ty_pe, trUt:'.·\·ertical depth C'f'1)[)ss). depth beh.1\\1 1i1udline, age, 

expected hy\h\.)(.;arbo_n. t)tpe,, stratigraphic tn:ip type~. irnd depth_ of v..:ater~ tn de.fine and 

characterize each reservoir. ReseP:oir status infonnafion relates the kvel of Hie 

30 rt~servt~ir evaltu.nion pn:~ces~:;~ f()r exarnp!e; concept, lead. prospect.discovery,. dry, or 

goe.s ·to appraisal and dcvclo-pn1cni. IZeservoir structural ·trap type, fi.1r ex11n1pie: 

3··\.~/ilY~ saH \-Vefd, cotT1hilration~ lhult/salt v.teid, f-Ltuited. 4-tivay or none .. 'fh{.~ ·rl)f)ss Ts 

the ·n-1eastrred depth t6 the crest {)fthe reservoir structure, including \va.ter depth and 
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depth hc-1()\\( lr1udiine·. IZeservoir age is entered- stK:=h as Pleis1ocz:~ne, PHocen('., 

M'locent\ CHigocene:. E.ocene, ·rriassic.~ and/or PerrnlarL E-xpected hytirocarbon types 

indude oiL gas, cnndensatc amlior oi.I and gas mixture. Stwtigraphk trap typi' entries 

n1ay include: none, truncation, lateral pinchout, lateral fr1cJes chal1ge, chan11el, and/or 

5 other. 

Each reservoir of interest \v·ithin t1n exploration prospect is dt.~fined as described abo\te 

uslng ava}!able gE.~cilogie-a! and geophysical.data and inforrnation. i\dditional 

r~-:-:.~K~.r\'oirs can be ,added lo a prospect Yvithin the l\dvisur. \Vork11o\v as the pn.)$_pecf 

JQ 1:va!na1ion procc\'S matures and additional reservoirs are identified. 

i\.fier a res~rvoir _is de-flned in the ,A.dvisor \Vnrkfirr\v0 the user detcrrni.ncs th.e 

subs\1rt1~cc characteristics of interest and selects the correst-)o_n<llng H:.cscrvolr 

Evaluation ··ror.d f{)r de-terrnining the rlsk and uncerlalnty associated \Vi.th the 

15 s:ubs:urfae<~ t;h_HrBcteris.tic. of i.nterc':!t. 'Cht:~ Rt..~servoir E>vaJuaHon ·rool~ B1H)i include 

toot; for de1er111inirrg ihe r.isk and uncertainty associated \Vitl1 resef'y\)ir arnplitude., 

reservofr S't.~ai capacity or quality~ reservoir vo!urne- and ·1/isuatiza-t}on~ and/nr 

hydrocarbon chiwge, The user defines the Reservoir Evalwvion TO(>l µammeters Jor 

the sekcted Reservoir Evaluation Tool to be used 30 as illustrated in Fig. 1. H should 

20 be appredated that other types of the Reservoir Evalumion Tools may be used and are 

considered within the scope of the present invention. 

'fhc patarneters ff.Yr each_ R·eservoir Evn1uaiion ·roo! have been designed t\.1 capture 

:inJhn11ation and asstnnptions kno'""n by· ex.pericriccf.1 geoJogists and .g{..~ophysicists to 

~:.- influence the. risk and uncertainty associated \vith the subsurface charactcristit-o{' 

interest J>aratneters for a ReBervo.ir ;\rnpl.itude f~va!uation rrool rnay include 

ini"bnn~ltion related to the interpr(~ter to account f()r interpretation bias, expected 

arr.~plitucfo.~- versus offset (l\ \ 1()}_ top of overpressure rr\lf)ss depth~ and stisrnic-data 

type and :scrJ_FH.~. \~/hil1.;) paraineters: for a R.eservoir Seal E.vah:iation ··roo11nay ineln.de 

30 information related to tl1e interpreter, fault name, top seal analog basin, type of fluid 

contacting the seat 1£1ult seal calculation type~ totJ seriJ nc:u11e •. tl~ult ~cal ·analog basin~ 

tt~p se~l !itht:d.ogy and pore pressure. 

, 10 
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·rhe selected I<eser1foir J~'/ah.t<tlion 'fon.l is then applied tfJ the pa.ran"H.~ters. 'fhc user 

cail e.ntcr paraincters fbr one-or n1ore R.es·ervoir r:.valuation 'fools i:ind apply ea.ch 

H.eservoir Evaluation ·ron! tn a one or n·iore reservoirs de:±lned \Vhhin the prospec.t. 

'111e user setect.s 11nd applies t11e. H.eserVtlir Evaluation 'fool corre.~~ponding to the 

5 entered paran1eiers. /\s described-above, thz:~ J{cserv\)ir .Fvalu~n:inn 'fool fffO\-'ides a set 

of ru1s;vers to a series of questions related to c.ach nfthe- process \vhh the selected 

Rest~rvolr I.:v11h1ntion ·rool. ~fhe qui..~srions -for t'.~a.<.~h ltese:rvoir F~va1u~1t!on 'fool h;Tve 

been designed to capture infom1ation and assnn1ptiQns kno\vn by expe:rient:ed 

gt".~c>lr~gi:sts and geophy~dcists t{."! f_nfiue.nce the risk and unc.eri.aiJ1.ty a~soc.iatefl ;,:y·ith the 

10 subsurfhct ch:Jracteristi(:. of :interest 

15 

T~-.Kll ovedup~ prov1din_g ti proce~s chtx;.k and ensuring data integrity in datn consideted 

in 1he integrated Advisor Workflow. 

In the embodiment of the present .invention ilh.tstrnied in Fig. 1, lhe Reservoir 

Evaluutlon Ton ls illustrated arc the Reservoir Amplitude Evaluation Tool 1 ()(), tbc 

R.eservnir Seal (;apacii:_~r Evaluation ·rool 200,. the Reservr1ir Voiu1nc and­

Visualization Evaluuticm 'fool 300, and the Hydrocarbon Charge Evaluation Too! 400. 

20 The Reservoir Evaluation Tools will be dc•scribcd in grt•ater ddail later in the 

spedfkatfon, 

1'he last slep in the 1\dvisor Vlorkfiovv i:s to generate a risk and tn1cert.ain1y scorecard_ 

for each l~.es1:.~rvoir :Evaluation 'f(H)i applied to a rese!."v'o.ir 40. 'J'hc I\._cscr\.:oir 

25 r::vaiu:ation 'J\)t>is Cillcu/afe a s<.:ore tbr associated rtsk and uncertainty static tttxi 

dvnarnic chnr.acterlzations:.. and t">l'Cfvides a n1easure ofhovv' robusr or tec-hnicallv 
~· . ~ .. 

con.si.sh.~nt a proposed dc-velopn1ent scherne is given the c.on.)plexitles and uncertainties 

in the definition of the schen1c and of the rcservo~r(s\ 1'h(~ scor;-:~B alh.n.\' coff1paris0-n 

\Vi th other developJnent sch.e1nes and \Vith other projec1s. assist in planning additional 

30 subsurface technical work by highlighting Hie key tmcertainties whkh arc likely to 

hnp-acrthe. outc.on1cs, ~n1d are valuable in d~t.crn1i.ning thc-r(datlve confl(k~nct: of the 

probal:r1listic production eBtin.1ate·:~- for the field, 

• l l • 



WO 20081088636 PCT/US2007/087690 

·rhc~ inforn1ation ana1y;,:ed by each Of the J(t:Bt~r\'oir };·valuation "foots is interrelated 

and dependant on tbe i1Tfr.t11naticn ana.l;'zed h)'· the other JZcse.rv·o_ir f2valuation --rci(Jis 

within the integrated environment of the Advisor Workflow. This a.llows the Advisor 

\\'orkflcn:v user to e'i/~lluate the resuhs n. "''.ihoie on a. reservoir ievcl and. ev;;..:ntuaily on a 

5 prospect 1e·veL ln a pref6tred ernbodhr1ent of th_e present invention, the !{cscn-·"t)ir 

fivalu;.~.ti1)n 'fool also identifies issues and prob1en1s \:1,-~ith the data that O~e ·root h::.ls 

used in its evaluation process·. 'fhe Reservoir t~\.'aluation ·rool also idct1tifles \-vhe-ther 

or .n.ot the data f(.)r fi''}'ltospe.c-t or rescrvt~lr is con1plcte zn1d \Vhere ga:ps, ii' any_, in the 

data arc. ldentif1cr1tion o.fstreugths and vrea.!01esscs oft,:ac-h oftl1e c.rJn1ponerns 

i 0 analyzed in each of the Reservoir Evaluation Tools is graphically displayed to 

ind.icatc the; level of ' 1 goodneR$'.~' ~~nd leve! of con_fid-ence associated v..tlth each 

cornponcnl. 

It should be apprec.iated that any other inf>.~J:rrnation releva:ni. to the COJrltnercial 

'J 5 viabHity and su.cccss of the prospect and rcscrvolr(s) can bt>: included. Steps 20 

through 40 of the \\'(H:kllu\V Ulustruted in Figure 1 (inchiding the lleservo·ir l2valnntion 

Ton ls I 00 - 400) can be repeated ln score additional reservoirs in the same pn.>Sfl<'Ct. 

'fhe present invention aHcnvs tOr the evaluation process to be eo11tin.uously ·updated as 

20 nevv ini"t-n-n1ation or data be.cornes available. ·rht~ scon:.~ca.rds 40 ft\H11 the sa.n1e 

25 

Reservoir Evaluation Tool for various reservoirs are comparnble within a prospect 

and \Vith other reservoirs in different prospects. '['he scorecards generated fro.n1 the 

various :R_cservoir I~valuat.ion '!'ools \Vithin a reservoir are integrated because the 

qi1estions asked ·\vhhin each Reservo.ir f~valuation ·rool ore conJ.parabl¢. 

()ne of the problcrns that the pn.~.scnt in.vcnti1)n sol-ves is rJ:iat curri.:~nt sotl\\'arc tool 

h.avin.g differi11g inputs~ outputs and -analytical process that prnvidc biased and 

in\.:nnsistent e\..-aluatio.ns. 'f"he prior art toUlB .requires u t:tset to indiv1Lh.1a!1y learn hovv 

to use each one ofthe thflCring·too1s. pfhe present invention solv{.':sthis probk.~ni by 

30 pro-v1cHng an integrated envH·onrnent \Nhcrein fht. data in·put and output have sin1llar 

-fbr.1.nats~ thus requiring a ·user less ti1ne iD learn hos,v·to use the A.dvisor \\iorkflo\V 

than existing prior art sotl·\.vare tools, In one cmbodin1en·t of the pr(~sent'lnve_ntion_~ th.ii: 

ou1put of t11e Reservoir 'roftls include a graphical -ft.1rn1nt. $UCh as a sp·ider graph, to 

•> 12 ~ 
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i11dicate areas hicking suJlh.~ienr data scope or qualit,y~ an<.i the level of corrfidence 

assc1ciated \<.,,dth each eon1ponent analyzed. 

Fig. 2- lllostrates dnt: en1bodin1ent ofthe-vvorkfl_ov...' of the Jleserv·oir i\n1plitudt 

5 Evaluation To!•I 100. The workflow includes querying the user on various topics 

relating to reservoir arnp!ltude ... spccifi_e-aHy regard.Ing the quality and type. of dHta. {i.nd 

t11e analysis \Vhich \Vent into dJ;~it~m1ining .tht~ rf..~S~<::rvoir an1p!itode, Ii valuation 'fool 

infbnnn1ion is first entered- l 10 such as·d11te) user. 'Version and the status oft:he 

expiormnr:y swge or development. The Reservoir A.mplitude Evaluation Tool 100 then 

! 0 generates a ser.il~S of questions each \.>...tith a reiated set of ansvvers for the user to 

15 

choose from directed\;) sdsmic dma 120, sdsmic dalll quality UO, well log data ·140, 

fi}r\vard rnodeling I 50~ and seistllic duta to \Ve!! data calibration l 6{L ()nee thos(~ steps 

h.ave h·ec.~n i.;,,:.otnplc~tcd the sco:ret;.:ard f\.)r quaHt1nive/qu.a.ntitative se-lsn1i-c a.inp!itude 

analysis and risk is generated 170, 

Fig. 3 ~Hustrates one en1bodirnent ofihe v.'orkflo\\"" of the R.eservoi.r Sea! <:apaci.ty 

Evaluation Tool 200. Si.mi!ar to the Reservoir Evaluation Tool l 00, !he worktfow 

includes qucryi_ng the user nn various topics rclati11g to reservoir seal capacity) again 

regarding the quality and type of data, and the analysis which wem into determining 

20 the reservoir seal capacity. Evaiuatlnn ·rool lnfOrr:nation is first entered 210, Bnd then 

the Reservoir Seal c:apachy J~1/aluation 'fool 200 generates a series of questions each 

\Vitb a related set of ans\.vers for thl:~ user to c}1oose directed. tO\"-rards seisn1ic data 

quality 22(}, rock and pre.ssure data.230, top sea! data quality 2·l0~ stn.Jt:tural 

ffr.nnc,.vork Qft:hc reservoir 250,, and $1.ratigraphy 260. ()nee thost:; steps have bct·.n 

25 cornplctcd the scorecard fot qualitative/quantitative reservoir seal capacity analysis 

and risk is generated 270. 

Fig. 4 i!Justrates one en1hndin1ent of the \Vorkflo\:v·ofthe Ri;.:s~,:rvoir \l.(Jlun1e and 

\ 1isualiz,ation f'.:valu.atio.n 'fool .300. /\s described a1J(J"/(\ fhe 1,votkflcn~,/ includes 

30 qul~f~/lng the user on various topics rein.ting to the reserv1)lr volurrn.: nnd visu~)}iza.li.on 

regarding the qtlaiit.y and type .of data, and the ana.l;isl.s that v.,tent into dete1111il1ing -the 

reservcrir and rsrospect volutne and visua!.i2.ation. E~va1uaticlc.n 'fool infon11ation is ·first 

entered 310 .. and the Reservoir Volum<o and Visualiwtion Evahnlion Tool 300 
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gen.t:.~rnli::s a series ofq:uestions each \.'V_Hh a related set ofanstvers fort-he user to 

choose directed to\V~·n·<ls ger)Jogic regional data 32.0, \.veil data'330~ seiSn1ic data 

c.ovtrage und qual1ty 340. net/gro:Ss ¢Stirnate fron1 seisrt11c data 350~ seisiTitc. indicators 

of sand prcs{~ncc 360, and geological classification 370. ()nee those steps have been 

visu(ilization analysis ai1d risk_ i.s ge·nerated 380. 

Flg. 5 illustrates one embodiment of the workfiow of the Hydrocarbon Charge 

I~valua.tiOf.l rrool 400. ;\s described above, t11e \Vor.kflrnv includes querying the- user on 

10 ·various topi(S n:~lating to lhe hydrocarbon· ~-harge· regarding the quality and type of 

dat~i and the ana1;'sis that \Vent into detcr1nining tl)C hydrocarbon charge. t~va!uatiori 

·rool l.nfonnation is first entered 401, and the liydroe-arbon (.'.harge f:valuatic~n ··rnol 

40{} generates n scri{.~$ nf questions each \.~/lth a related set of nns\vers Jhr the user to 

c·.honse directed to\v·a.rds sourte-prt~sence 420~ source chHrt1cter 430,. n1aturity and 

15 generation 440~ rnigralion and entrap1ne.nl 450, quality alteration 460. and 

hydrocarbon volumes 4 70. Once those steps have been ''ompletcd the scorecard for 

qualitative/qu11ntitativt~ hydrocarbon charge .analysis and r.is:k is generated 480. 

Fig. 6 illustrates that each risk and um,e1iainty sc.nrt,card 40 utilizes the Defined 

20 Exploration Prospect InJt)1Tnation 510, the. l{eservoir E\~a1uatlo_n ·rool 
Qualin\fiV\,/Quantirati\'e Analysis and Risk Results 520 for a Reservoir Evaluation 

Tcwl. and the Defined Reservoir lnfomiat!on 530. 

\\/hHe in the tbrcgolng spcci.flcation this invention has heen described in r~!ation to 

25 certain prcforrcd embodiments therc\l( and many details have been set forth for purpose 

ofllhi;.;tTal1oi1, h \-vill -be appH.rent lo those skilled -in the art that the invention·is. 

susceptibie to ·r1Hetation fi11d that ce-riain oth_er details descrih-ed herein can \.rar_v 

considen:tbly 'i:Vithou.t de1xi.rting. ffo1n the bas.le principles of the invention. 
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CLAIMS: 

1. A computer implemented method for evaluating risk and uncertainty elements of 

an exploration prospect within an integrated environment comprising multiple reservoir 

evaluation tools, the method comprising: 

(a) storing geological and geophysical information related to an exploration 

prospect and associated reservoirs in an integrated environment, wherein the integrated 

environment includes a graphical user interface and multiple reservoir evaluation tools; 

(b) defining at least one exploration prospect in the integrated environment; 

( c) defining at least one associated reservoir in the exploration prospect in the 

intei,>rated environment; 

( d) defining parameters for a plurality of reservoir evaluation tools for the 

reservoir in the integrated environment, wherein the reservoir evaluation tools assess risk 

and uncertainty of reservoir characteristics; 

(e) applying one of the reservoir evaluation tools to a subset of the geological and 

geophysical information for a specified reservoir characteristic, 

(f) integrating the reservoir evaluation tool results and the defined 

information regarding the exploration prospect and the reservoir to generate a risk and 

uncertainty scorecard in the integrated environment; and 

(g) repeating (c) to (f) for each of the plurality of reservoir evaluation tools 

wherein each reservoir evaluation tools is applied to a related subset of the geological and 

geophysical information, and each risk and uncertainty scorecard has a comparable 

output format, wherein the risk and uncertainty scorecard is used to forecast potential 

risks and uncertainty elements associated with the exploration prospect. 

2. The method of claim 1, wherein the reservoir characteristics include any one of 

reservoir amplitude, reservoir seal capacity or quality, reservoir volume and visualization, 

and hydrocarbon charge. 

3. The method of claim 1, wherein each risk and uncertainty scorecard includes a 

graphical output. 
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4. The method of claim 3, wherein the graphical output includes identification of the 

level of confidence associated with each of the characteristics analyzed in the reservoir 

evaluation tool. 

5. The method of claim 1, wherein the definillg the exploration prospect includes 

inputting name, location, and type of prospect. 

6. The method of claim 1, wherein defining the reservoir includes inputting name, 

location, depth, age, type of hydrocarbons, stratigraphic trap type, and water depth of a 

reservorr. 

7. The method of claim 1, wherein the integrated environment includes security and 

access privileges for users. 

8. The method of claim 1, wherein the risk and uncertainty scorecard identifies data 

which is missing from the analysis of any one of the reservoir evaluation tools. 

9. The method of claim 1, wherein the reservoir evaluation tool includes a series of 

questions related to the specified reservoir characteristics, and each questions has a set of 

weighted answers for a user to choose from. 

10. A computer implemented system for evaluating the risk and uncertainty elements 

of an exploration prospect within an integrated environment, the system comprising: 

an integrated environment comprising multiple reservoir evaluation tools and a 

graphical user interface wherein a user is enabled to perform a method comprising: 

storing geological and geophysical information related to an exploration prospect 

and associated reservoirs; 

defining at least one exploration prospect and at lest one associated reservoir in 

the exploration prospect; 

defining parameters for the plurality of reservoir evaluation tools, 
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wherein the reservoir evaluation tools assess risk and uncertainty of reservoir 

characteristics; 

applying one of the reservoir evaluation tools to a subset of the geological and 

geophysical information for a specified reservoir characteristic; 

and 

generating a risk and uncertainty scorecard for the specified reservoir 

characteristic utilizing the reservoir evaluation tool results and the defined information 

relating to the 

exploration prospect and the reservoir, to determine potential risks and 

uncertainty associated with the exploration prospect. 

11. The system of claim 10, wherein the reservoir evaluation tool includes a series of 

questions related to the specified reservoir characteristic, and each question has a set of 

weighted answers for a user to choose from. 
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