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40 1. Yo, Emilio FERRERO, obrando como apoderado del solicitante en 

el asunto antes identificado, me refiero al oficio nümero 1835, 

notificado por fijación en lista de fecha del 14 de junio de 2001. 

2. Mediante el of icio nümero 1835 se puso en conocimiento del 

solicitante el informe que contiene las observaciones hechas por su 

Despacho sobre la presente solicitud de patente. Atiendo a las 

observaciones de la manera siguiente: 

2.1. En la descripaión. Presento con este escrito Un nuevo 

. capItulo descriptivo y reivindicatorio, ya q-ue el presentado 

junto con la solicitud no era legible. 

2.2. Arts Final. Adjunto a este memorial presento el arte 

final de acuerdo con lo requerido. 

2.3. Copia Certificada. 

Presento con este escrito copia certificada de la solicitud 

de patente estadounidense nümero 09/584,063 del 31 de mayo 

de 2000, en la cual se basa la reivindicación de la 

prioridad. 
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2.4. Documento de cesión de inventores. Aunque este despacho 

no lo requiere presento junto con este escrito el documento 

en que consta la cesión del derecho a la patente otorgado por 

los inventores al solicitante. 

3. Puesto que se han atendido a cabalidad las observaciones 

hechas por su Despacho sobre la presente solicitud de patente, 

atentamente solicito que se continte su tramitación. 

Bogota, 2 JUN. 
Seæora Jefe, 

COLO 00729-801-004-7 
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- 

EMILIO FERRERO 
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METODO PARA PRONOSTICAR LOS VALORES 

CUANTITATIVOS DE UNA PROPIEDAD DE ROCA 0 

FLUIDO EN UN VACIMIEN1O, UTILIZANDO DATOS 

SISMICOS 

Resumen 

Be propc*rcic.na un mtc.do para prc.nosticar un valor 

de una propiedad designada de roca o fluido en un volumen 

gec’lógicc. subterrÆneo. Be asigna un valor sismico 

� 

experi mental mente determinado de impedancla ac’istica a un 

volumen model o correl ac ionadr. con ci volumen aec.l O icc. 

subterrÆnec.. Sc asigna tambin al volumen mrtdelo un primer 

valor prc’nc’sticado de la propiedad designada de roca 0 

fluido. Sc calcula un primer valor pronosticado de 

irnpedancia actstica para ci volumen modeic’ a partir de Ut, 

mc’delo de respuesta, utilizando el primer valor pronosticado 

de la propiedad designada de roca o fluido, en ci cual ci 

rnc’delo de respuesta es sensible a cambic’s en los valores 

pronc.stjcados de La propiedad designada de roca c. fluido. Sc 

cc’mpara al primer valor pronosticado de Impedancia actistica 

con ci valor sismico de impedancia acitstica para determinar 

una diferencia entre los val’:.res pronosticado y ssmiro de 

impedancia actstica. Be a.justa al primer valor pronosticado 

de La propiedad designada de roca c, fluido, en respuesta a la 

diferencia, para crear un segundo valor pronosticado de La 

propiedad designada de roca 0 fluido, en ci cual dicho 

segundo valor pronosticado reduce La diferencia. 



CAtIPO TECNICO 

La presonte invenciOn so ref iere generaiment.e a un 

mØtc’dc’ para crear un meadelci gecilOgico dimensional de un 

yacimientc’ fluidc’ subterrÆnoo. MÆs part icularmente, la 

invención so refiere a un mØtc’do para pc’blar al mc’cielc’ 

qec’lóqico dimensional con valoros cuantitativc’s do una 

preipiedad designada do rc’ca o fiuidc’, los cuales tienen un 

minirnc’ do error, utilizando un model c. do respuesta 

petrofisica y date’s sLsmic’:’s El mc’delo gor’i ógico 

dimensional resultante facilita la epic’raciOri c’ mane.io do 

prctducciôn do yacimientos do hidrc’carburc’. 

ANTEC:EDENTES DE LA INVENCION 

En La explc’ración do hidrc’carburc’s y La expic.taciôfl 

do ic’s misme’s desde ambientos subterrEnec’s, existe La 

necesidad cc’nstante do caracterizar exactalnente a ic’s 

. yacimientc’s do interØs. El ccnc’cer La extension del area, 

el cc’ntenidc’ do hidrocarburo y la permoabilidad al fiLtido do 

Un yacimientci do hidrc’carburc’ es sumamente importante con ci 

Sfin do roducir el riosqc do pØrdida ecc’nOmica y aumentar las 

qanan’:ias do La pr’:.duccjOn do hidrocarburci desde dichc’ 

yacimientet. 
ml infc’rmaciOn referento al yacimientc’ 

subterrineo es c’btenida facilrnent.e desde unc’ C’ me-’s pc’zos quo 

so perfc’ran a travØs del yacimiento. Las velc’cidades do 

perforaciOn, cortos del taladrc’, cambic’s en La composici’f’ri 

del ic’do do perforaciOn y muostras do nclects tomadas desde 

Lin pcizo, prc’pc’rcionan la infc’rmaciOn requerida. Lets perfiles 

generadc’s pc’r herr ami entas do per f ii a.jo do pc’zc’ cc’nst ituyen 



tambiØn Lna fuente de infc’rmación. Los perfiles ofrecen 

infc’rmación valicisa acerca de las propiedades de la roca y 

fluido del yacimiento, tales cc’mc’ pctrosidad, identificación 

de fluido y vc’lumen de esquistc.. Los perfiles ejempiares 

incluyen resistividad, rayos gamma, densidad,’ veicicidad de 

cc’mpresiOn, velocidad de corte y perfiles de neutrones. 

Va que los perfiles miden solamente las propiedades 

de la roca y fluido hasta ms ci menc’s un pie desde ci 

orificici de pcizc’ y la gran mayor{a del yacimiento no es 

penetrada por ic’s pc’zcis, ic’s perfiles desgraciadamente pueden 

caracterizar solamente una fracción sumamente pequea de Un 

yacimiento.. Adems, ci actc’ de perfcirar somete a tensi’n a 

la roca que rodea al orificlo de pozo, cambiando asi las 

propiedades de la roca e intrc’duciendo error en las 

medicic’nes obtenidas pcir ci perfiia.je del pozo y anÆlisis 

del r,ó’:lec’. Existe la necesidad permanente de caracterizar 

exactamente a las propiedades de la roca y del fluido en tc’do 

ci yacimiento subterrnecs y, en particular, caracterizar 

exactarnente las propiedades de la roca y ci fluido en 

regiones del yacimiento de las cuales no se tomari mLIeStraS 

mediante ic’s pc’cts. 

Los datc.s de los pc’zc’s son etrapoladcis 

cctnvencionalmente desde ci c’rificic’ de pozo para caracterizar 

a todc’ ci yacimiento, cuandci estn iimitadc’s ic’s datos del 

pozo. Las tØcnicas convencic’naies de extrapoiación ilustran 

al yacimiento subterrneo cc’mo varias disposiciones 

tridimensicnales de bic’ques ci ceidas que estÆn intcgradc’s 
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entre Si para fctrmar un mc’deio tridimensional del yacimiento. 

Tipicamerite, las cocardenadas X, V y Z de cada bicique estn 

determinadas en superficies de clevación absc’iuta y 

estratigrÆficas y se Litilizar, algc.ritmos de btsqueda para 

determinar los puntos de datos relativos en la vecindad de 

cada bioque. AdemÆs, las prc’piedades de rc’ca de cada bloque 

40 son asignadas pc’r medio de mØtodos de estimación tales cc’mc’ 

inØtodc’s basadcus ene la distancia, util izando mØtodc’s de 

prc’medios interpolados que se basan en valcures de datos 

cercanos y rnØtodos qeoestadisticos que truman en CLienta la 

distancia y rc’ntinuidad espacial de las pr’:’piedades de la 

r c’c a 

Be han utilizado tambiŁn estudios sismicos para 

proporcictnar infcurmacis,n sismica sobre las ps:irriones del 

yacimiento subterrÆneo que no son muestreadas pc’r ci pcizo. 

Sc empiean dispositivc’s de imparto, tales cc’mo fuentes de 

vibraciOn, pistolas de gas, pistolas de aire y caida de 

pesos, en la superfine de la tierra o en un orifinlo de pc.zo 

cc’rnc’ una fuente ismica para generar cundas de cc.rte y 

compresiOn en los estratnus subterrÆneos. Estas cundas son 

trasmiticias a travØs de ic’s estratos subterrneos, 

rcfle.jadas en irnpedancia actstica y grabadas, cieneralmente en 

La superfine de La tierra, mediante dispositivc’s colc.cados 

en una disposición. Estc’s datos grabados son prcinesados 

tipicamente utilizandc’ software que estt disePado para 

reducir ci ruidcu y preservar La ampiitud de reflexiOn. Los 

- estudios SiSifiICOS son transformacic’s finalmente en grupos de 
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datcis tridimensionales que representan una medicn directa 

de las superficies de la roca que definen a]. yacimiento. Los 

grupc’s de datos se ut ii izan cada vez mÆs Para evaluar y 

levantar mapas de estructuras subterrÆncas Para ci propOsitcs 

de explorar c’ e:v;plc’tar reservas de petrOieo, gas Cs mineral. 

Sin embargo, ic’s datc’s sismicos no han utiiizadc’s en general 

en modelos geolOgicos tridimensicinales Para cuaiquier 

prcspOsitcs que no sea ci de definir el tope y base del mc’delo. 

La presente invenc iOn reconoce la necesidad de integrar en 

forma mÆs efectiva a ic’s datcis ssmiros ’:on los mc’delos 

ger.lOgicc.s Para la caracterizaclOn exacta de los yacimientcss. 

Pcsr lo tantc’, un obietivo de la presente invenciOn 

cc’nsiste enproporcic.nar tin mŁtcidcs para preclecir exactamente 

lcJjic.res cuantitativc.s de las prc’piedades de roca .o fiuido 

en tin yacimiento subterrÆnecu, mediante ci USC’ integradc.de 

jdatc.sssmicc.s y mr_’dcios go].if’icc’s dimensional es. Otrra 

c’b.jetivo de la presente invenciOn consiste en prcipcircionar Lin 

Srntodc’ Para proncsst icarores cuant itat ivos\de prop ledades 

de roca c’ f]uidc’ en tin yacimiento, ic’s CLtaieS tienen utilidad 

especifica Para la expic’racion de hidrocarburos, permitiendc’ 

al operadc’r definir con mayor exactitud la magnitud y limites 

de Ltfl yacimiento de hidrc’carburc.s. A’tn otrcs c’b.jetivo de la 

invenci ôn consi ste en prciporc i onar tin mØtodc’ Para c.nc.sticar 

lc’svalc’res cuantitativcss\de propiedades de roca o fluido en 

un yacimiento subterrtnecs, los cuaies tienen utilidad 

especifica Para ci maneic’ del yacimiento de hidrc’carburo, 

permitiendcs al operadc.r aumentar estrechamente c’ mejorar de 
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otrc mc’dc’ la producción de hidrocarburos desde el yacimiento.. 

Sc l’:’qran estos y c’trc’s c’b.jetivc’s de acuerdc’ con la invenci6n 

descrita mÆs adelante.. 

RESUMEN DE LA INVENf:ION 

La preserite invcnci6n consiste ceneralmente en un 

rn’todo para crear un mc’delc’ geciliigi’cci dimensional de un 

yacimiento de fluidri subterrÆnec., ci cual estA pc’blado con 

datcis cuantitativos relativarnente precisr.s de las prcipicdades 

de la rc.ca ci fiuidc’.. El mc’delc’ gec’i’’gicc’ dimensional 

resuitante prc’porcionar una caracterizaciôn exacta del 

ya’:imiento de fluido, faciiltando as la expir’ración ci manejc’ 

de prc’ducción de ic’s yacimientc’s de hidrr’carburc’.. Be real iza 

ci mØtcdci caracterizando iniclaimente a un volumen qeolOaicc’, 

que inciuye al yacimientc’ de fluid’:’ que interesa, en 

trininos de volumen de mc’delc’ que se subdivide en varic’s 

sLtbvc’il:unenes de modelo.. Los subvc’ltmenes de modeic’ se 

cc’rrelacic’nan con siticis especificcis en todo el volumen 

qec.iOgico. Los vaic’res con minimci de error de una prc’piedad 

designada de rc’ca ci fluidc’ sin determinadcis iterativamente 

para cada ur,o de ic’s subvc.liirnenes del rnc’delc... Los valc’res 

resuitantØs con minamo de error de una prc’piedad 

’:onvenienternente desiqrsada de rc’ca ci fiujdc’ tieneri utilidad 

especfica para la exploración de hidrc’carburc’, permitiendo 

al c’perador definir con mayor exactitud la magnitud y limites 

de un yacimiento de hidrc’carburo dentrci del volumen 

- qeoiogicc,.. AdemÆs ci en forma aiternativa, ic’s valcures 
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resultantes con mthimo error de una propiedad 

ccinvenientemente designada de roca c’ fluido tienen utilidad 

especifica para el mane.jc’ del yaclmientc’ de hidrocarburo 

dentro del volumen qeolôgicc’, permitiendc’ al ciperador 

aumentar estrechamente u optimizar de otro mcido la prc’dLtcción 

de hidrc’carburo desde ci yacimientc’. 

Dc acuerdo con una forma especifica de la presente 

invenci’n, se propc’rciona un volumen geoiôgicci subterrnec’ en 

-s 

ci cual se ha determinadc’ experimentalmente la 

de valcires SISfflcc’S de la impedancia acistica. Sc 

car act er I z a ci volumen gecsl óg icc. pcir Ltfl volumen modelo que 

tiene varic’s subvoiimenes modelo. Sc sciecciona un 

subvc’iumen modelo a partir de los varios subvc’iunenes modelo 

y Sc asigna un valor sismico de impedancia actistica al 

- subvc’iumcn modelo a partir de la distribuclón. Be designa 

una propiedad de roca ci fluicic’ pertinente al volumen 

gec’l.’gico 
y 

Sc asigna tambiØn un primer valor prc’nosticado de 

la propiedad designada de la roca c’ fiuidc’ al subvolumen 

modelo. Sc calcula un primer valor prc.nc’sticadc’ de 

impedancia acistica para ci subvoiumen mc.deic’ a partir de Lin 

modeio de respuesta utli izandc’ ci primer valor pronc.stl’:ado 

de la propiedad designada de la roca c’ fiuidc’, en ci cual e 

modelo de respuesta es sensible a los cambios en los valores 

proncisticados de la propiedad designada de la roca o fiuldo. 

Be cornpara al primer valor prcincisticadci de impedancia 

ac’tstica con ci valor sismicc’ de impedancia acitstica para 

determinar una primera diferencia entre los valc’res 
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pronosti.:ados y sismicos de tal impedancia actstica. Se 

ajusta el primer valor pronosticado de la propiedad designada 

de roca ci fluido en respuesta a la primera diferencia para 

crear tin segundo, valor prc’nosticado de la propiedad designada 

de la roca 0 fiLtidcs, en el cual ese Segundo valor 

pronosticado reduce la primera diferencia. 

Lueo, se calcula Lin segundo valor prcinosticadc’ de 

impedancia acist Ira para el subvcelumen mc’delc’ a partir del 

modelo de respuesta util izando al segundo valor prcsncisticado 

de la propiedad designada de roca c’ fluidc.. Sc compara el 

segundo valor prc’nc’sticado de impedancia acistica con el 

valor sismicc’ de la impedancia actstica para determinar una 

segunda diferencia entre los valcires pronosticado 
y 

sIsmicci 

de la impedancia acistica, en el cual la segunda diferencia 

es inenor que la primera. Se repiten estas etapas 

0 
iterativarnent.e hasta que la diferencia no exceda de la 

tol eran’: ia mxima predeterminada. El valor proncust icadc’ de 

la propiedad designada de la roca o fluido al cc.ncluir la 

repeticior, iterativa es tin valor de error miriirnizadc de la 

propiedad designada de la roca o fluidri para ci subvolumen 

sicrcionado. Sc repite ci mØtcido para otrc’ subvolumen 

rnc’delc’ hasta que se hayan determinado ic’s valcires minimizadcs 

de error de la propiedad designada de la roca ci fluid’: para 

rada subvrilumen modeir, del volumen mc’delc’. 

Be comprenderÆ nie.ic.r a la invenri’n en los dibuic’s 

adJuntcs., 

BREVE DESCRIPC:IQN BE LOS DIBUJOS 
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La figura 1 es un flujc’qrama esquemÆticc’ que ofrece 

una visi’n general del mtc.do de la presente invenci6n 

La figura 2 es una represeritaciOn esquemÆtica de un 

vc’lumen gec’lóciico  subterrneo que incluye un yacimientc’ 

fluidc’ de interØs. 

Las figuras 3A, 3B, 3C son un flu.ic’grama 

is 

esqueimtico que ilustra una forma detallada del mŁtodcs de la 

figura 1. 

La figura 4 es una representac iOn esquemÆt Ira de un 
. 

mc’delc’ geol ’’gico 3-D cc’nstruldc’ de acuerdc’ con la forma de 

las Figuras 3A, 3B, 3C. 

La figura 5 es una representación esquemÆtira de 

una celda del modelo qeol’’qico 3D de la figura 4, en la cual 

dicha celda estÆ pc’blada con datc.s iniciales. 

La figura 6 es una representaciif.n grÆfica de los 

datcis prc’nostirados para las prc’piedades de rcica y fluidci 

deterrninadas de acuerdo con el mØtc’dc’ de la figura 1. 

DESCRIPCION DE LS FORMAS PF:EFERIDAS 

Se cifrece una visión general del mØtodo de la 

invención, en ci flujograma de la Figura 1 y se describe ms 

adelante con referenda a la figura 1. El mØtodo comprende 

cincc! etapas. La primera etapa es la construcciôn de Ltfl 

mc’delo gec’lógico dimensional basado en ci vcslumen gec’lógico 

fisico real que incluye un yarimiento fluidc’ de interØs.. El 

mcidelci gectlôgico  dimensional comprende un vc’lumen mc’delo 

dividido en una dispr’sición de subvolmenes mcsdelc. Esta 

- disp.:s.ición  c’frece una estructura dimensional para 



G 

ktu 

correlacionar los valores experimental o prc’nc’sticado de las 

propiedades ge’:ifsicat y petrc’fisica con ic’s sitic’s 

espe’:ificadc’s dentr’:’ del volumen geol6g1’:o. Sc fOflStrLtye al 

modelo gec’lóqico dimensional utilizarsdc* una distribuciOn de 

valores ssmicc.s experimentalmente determinados de impedancia 

actstica para ci volumen gecui6gico y otrc’s datcis conocidrus 

experimentales c’ derivados que se ref icren al volumen 

c,er’lOqicc’ que se cubtiene en forma prel iminar en ci presente 

mØtodo. 

La segunda etapa del mtodo es la pc.blaciôn inicial 

de valores de datos en ci modelo qeolOqico dimensional. Dc 

acuerdo con la etapa de la poblaciOn de datcis iniciales, se 

asignan valores cuantitativos de ciertas prcipiedades 

geofisi’:as y petrcifisicas del volumen qeoiOgico a tc’do ci 

modelo geológico dimensional. En particular, se asignan 

0 
valores sismicos experimentalmente determinados de impedancia 

acstica a partir de la distribución dscrita antericirrnente, 

a cada subvc’iurnen del rnodcic’ ce’:siOuicc’ dimensional. Sc 

Sasignan tamblØn valores estimadc’s de prc’piedades de rc’ca 

flui.dc del volumen gecil ócicc’ a cada subvcdumen del rnc’delo 

qeológico  dimensional. Los valores estirnad’:’s de las 

pr’:’piedades de rc’ca y fluido incluyen valores estiinados 

iniciales de la prc’piedad designada de roca c’ fluidc. 

(denominados al ternat ivamente pr imercis valores proricist icadc’s) 

quc son de particular utilidad para ci presente mØtodo. 

- La tercera etapa dci mØtodc’ es ci establecimiento 

de un modelo de respuesta petr’:ifisi’:a. En la etapa de 
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establecimiento del modelo de respuesta petrofisica, se 

seleccic’na una c’ ms ecLtaciOfleS de respuesta c’ se derivan de 

otro rnc’dc’ de las reiaciones fsicas cntrc prc’piedades de 

roca, fluido y, sisrnicas en Lin yacimierito, las cuales son 

perfectamente cc’nc’cidas por los expertos en ci campo de la 

fisica de roca y fluido. Las ecuacir’nes de respuesta 

permiten calcular Lin valor prctnosticado de impedancia 

acstica mediante la inserción de los valcures estimadc’s de 

las prc’piedadŁs de roca y fluido, incluyendo ci valor 

S.. 
pronosticadc’ de la propiedad designada de roca ci fluido, en 

las ecuacicines de respuesta. Corn’:’ tal, ci model  de 

respuesta petrc’fisica genera wi valor prc’nc’sticado de 

impedancia actstica que responde a ic’s cambios en ci valor 

proncisticado de la propiedad designada de roca c’ fluido. 

La cuarta etapa del rnØtodc’ es la minirnización de 

error de los valores prc’nosticados de la propiedad designada 

de roca c’ fluido. Sc inicia la etapa de minimizaciôn de 

error util izando ci modelo de respuesta petrofisica y ic’s 

Svaiores estimados de las prc’piedades de roca y fluid’:’, 

iflclLlyendc’ ci primer valor prc’nc.sticadc’ de la propiedad 

designada de roca o fluido a fin de calcular LLfl primer valor 

prc’nc’sti’:ad de la impedancia acistica para Ltfl subvolumen 

modelo seleccionado. Sc determina ci valor minimizado de 

error de la propiedad designada de roca ci fluido cc’rnparandc’ 

al primer valor pron’:’sticado de la impedancia actstica con ci 

valor sismicci de la misnia; ajustando iterativamente al valor 

prc’nosticado de la propiedad designada de roca c’ fluido en 
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respuesta a La ccsmparaclOn; y calculando nuevamente el valor 

prc.nosticado de la impedancla accistica, util i2andc’ ci modeio 

de respuesta petrofisica y ci valor prc.nosticadc, ajustad’:’ de 

La propiedad designada de roca ci fluido hasta lc’grar una 

cc’incidencia aceptable entre el valor pronc.sticadc’ y en valor 

sismico de la impedancia acCtstica. El valor prc’ncisticado de 

la propiedad designada de roca o fluido que logra esta 

cc’incidencia es ci valor minimizadc’ de error de la propiedad 

designada de roca C’ fluido para ci subvc’iumen mc’delo 

seiercic.nado.. Luego se seleccirina un nuevo subvc’iumen mc’delc’ 

y se repite La etapa de min:imización de error hasta 

determinar tin valor minimizadc’ de error de La propiedad 

designada de roca c’ fluido para cada subvc.lumen mr’delc’ en el 

volLimen model o. Se debe cibservar que Sc mantienen fiic’s 

durante toda La etapa de minimizacióri a La  forma del modelo 

. de respuesta petrc.fsica, a los valc’res estimadc’s de las 

propiedades de roca y fluid’:’ diferentes a La propiedad 

designada de roca ci fluido y a los valcires sismiccis de La 

impcdan’:ia acCistica. 

La quinta y Oltima etapa del mØtc’dc. es La 

repciLilac iOn de ic’s valc’res rninimizadcis de error en ci mc’deic. 

QeolOoicc. dimensional. Dc acuerdc’ con la etapa de 

repoblación de los valcires minimizados de error, estc’s 

valores cc’rrespc’ndientes a La propiedad designada de roca ’:’ 

fluido son sustituidos para cada primer valor prc.nc’sticadc, 

cc.rrespc.ndiente de la propiedad designada de roca o fluido 

que fue inicialmente pc’blada en ci model  geoiógicc’ 
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dimensional en la segunda etapa. El prc.ducto final del 

presente mtodo es Lin mc’delc’ geciligico dimensional que estÆ 

pobi ado integramente con val ores de datc’s con minimc’ error de 

la prc’piedad designada de rc’ca ci fluido y que CStà 

cc’rrelacionado con el vcdumers geol ógicc. de interØs. 

Sc describe en las figuras 2-5 una forma preferida 

�del tnØtc’dc’ de la presente invenciOn. Con referenda a la 

figura 2, se ilustra Lin vc’luinen geolôgicc’ fisico y se designa 

generalmente con ci nimer’: 10. Se aplica el mØt’:’do de la 

presente forma al vc.lumen gec’l’qicc’ 10 que cc’mprende Ufla 

superficie de tierra 12 y varicis estratcis subterrnec’s 14, 

t16, 18 que contienen materiales de roca y fluido. Cc.rno tal, 

ci vc’lumen gec’lôgicc’ 10 incluye Lin yacimiento fluidc’ que no 

estA espec i ficamente del irseadc’ en las figuras. Los estratcis 

14, 16, 18 se e;t.ienden pi:ir deba.io de la super ficie terrestre 

12 en capas que estin apiladas en serie y en prcufundidad. 

Los estratcis 14, 16, 18 se distinguen entre Si pcsr 

diferentes prc’piedades de rc’ca y fluido. Pc’r ic’ tantc’, ic’s 

� respectivcis estratos 14, 16, 18 estÆn separados pc’r eventos 

estratjy-Æfjcos que definen limites de secuerscia de 

ya’:imientci 15, 17. Sin embargo, se comprenderA que la figura 

2 es simplernerite una representacitn ccinceptualizada de LU) 

vol Lurfen geol óg icc subterrtnec’. La prÆct I ca del presente 

mthtc’do no est limitada a cualquier vc’lumen geolOgicc’ 

especificci, pero Sc aplica generalmente a cualquier vc’lumen 

gec’lógicci a partir del cual se pueden generar 

experimentalmente datc’s sismicos. 
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Las figura 34, 38, 3C son un fiuic’grarna detalladri 

de la presente forma que ilustra al mØtodo pc’r etapas En 

forma preliminar a ).a iniciación del presente mØtod’’, los 

ciatos sisrnicc’s son generadr.s experimentalmente en ci vc’lurnen 

gei:’l ógicc’ 10 de Irit.erŁs mediante Ltfl estudlo sisIniCc’ que 

util iza mØtctdcts cc’rivencic.naies bien ccinc’cidc’s prir ic’s 

expertcis en ci arte. Sc definen generalmente los datos 

sismicc’s para prc.pósitcis del presente mtc’dc’ ’:c’mc’ infc’rmac iOn 

. aenerada mediante la creación de c’ndas ssmicas dentrc’ de un 

vol utnen qec’iOciicc’ desde fuent.es de energia ssmica artificial 

y c’bservando los tiempcis de liegada y amplitudes de cindas que 

se refractan a travØs de intervalcis de alta veic’cidad dentrcs 

del vc’lutnen gec.l.rgicc’ u cndas que se reflejan desde caras de 

contactc dcr,tro del vr’lurneri gec’iOgicci en respuesta a c.ndas 

- sismicas. Tales caras de cc.ntactci son tpicarnente ci 

, resultadc’ de ’:arnbir’s en la veic":idad ac’:istica ci densidad 

volumtrica. Sc api Ira cc’rn’.tnmente ciertc’ nuneros de tØcnicas 

de prc’cesamientc’ de datc’s a ic’s datc’s sismicc’s para reducir 

ci ruidc’ c’ liacer ms significativc’s a los datc’s. En 

particular, ci presente mØtodo util iza ic’s datcis sismicc’s una  

vez que ic’s mismc’s han sink’ convertidos en impedancia 

acist ica ut ii izandc’ ursa tcnj’:a corvenc ic’nal conc.c Ida cc’rnc’ 

inversion ssmIca. Se encuentra cc’merciaimente dispc.nible 

cierto ntmerc’ de paquetes de software de inversiOn sismica, 

l’:’s cuales prc’cesan a los dat.os s.{smicc’s, ic’s cc’nvicrten en 

una distribuciOri de valcires slsmicc.s de impedancia acitstica 

con respecto al ticcnpo c’ a la prc’fundidad dentrci del vc’iurnen 
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qeolóqico. Se dispone de un paquete de software de inversion 

sismira ejemplar ba.jcs la denc’minación ccimercial "TDROV" de 

CGG Americas Inc., 16430 Park Ten Place, Houston, Texas 

77084, USA. 

AdemÆs de iris datos sIsrniros, antes de inic jar el 

prc.ceso el operadcir dispcine de una cantidad limitada de datos 

de pc’zo que se ref ieren a las propiedades de rc":a ci fluido en 

el vc’iumen geol dig ico 10. Tales datos se adquieren 

tipicamente a partir de pc.zos de expic’raciOn ci producciOn (no 

iiLtstrados) que penetran en el volumen geoiOgirc’ 10. Comri se 

indicó anteriormente, iris datos de pozc’ se enruentran 

limitados en cuanto al Area de alcance, teniendo 

cc’nfiabilidad en el me.jor de ic’s casos hasta sc’lamente un pie 

de radio desde el orifirio de pc’zc’. En cualquier caso, esc’s 

datos de pc’zci, si esttn disprinibles, pueden ser utilizadcis en 

. la prÆctica del presente mØtodr’ tal cr’mo se describe mEts 

adelante. Sin embargo, se crimprenderEt que la dispcnibilidad 

de datos de prizo no es un prerequisitri para la prEtctica del 

presente m&tc’dr.. Se requiere si:’iamente que se encuentre 

disponibie en forma preiiminar una distribuciOn de vaic’res 

ssmiccs de impedancia acttstica para ci volumen geclôgicc’ 10 

o que ic’s datos sismiccis se encuentren disDonibies 

preliminarmente 
y 

a partir de ic’s cuales es pr’sible generar 

la distribucjón. Si los datos sismicos no estEtn disprinibles 

preiiminarmcnte para el volumen gerilOctico 10, los datos 

sismiccis pueden ser generados alternativamerste para ci 

volumen ger’iOqic’:i 10 mediante la realizaciOn de un estudici 
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s.{smico comc’ una etapa incidental del presente mØtc’dc’. 

Con referen’:ia a las figuras 3A, 3B, 3C, Sc inicia 

la presente forma mediante la etapa 30, en la cual SE 

prctporciona Lina distribucin de Ices valores sismicc’s de 

impedancia acistica con respecto al tiempo, la cual ha sido 

obtenida a partir del volumen geolOgic’:’ subterrÆnec’ 10 de la 

figura 2 La distribuciOn define un volumen de impedancia 

ac’.tstica sisrnica tridimensional (volumen Al), en ci cual los 

ejes e y del volumen Al se expresan en unidades de 

longitud y ci e.ie z estt en Lunidades de tiempo. Sc ccunstruye 

un rn’:’delci tridimensional (3-D) del volumen geoiOgii:o a partir 

del volumen Al mediante las etapas 32, 34, 36, 38, 40 El 

modelci geolOgicc’ 3-D tiene un volumen rnodelc’ en el cual Ices 

tres e.ies del volumen x, y, z estrz en ur1idades de lorigitud 

La etapa 32 lucia la cc’r,strucciOn del modelo 

geolOgicc’ 3D mediante la interpretaciOn de los Umites 

mayores de impedancia ac’istica en el volumen Al y cc’nfirrnandc’ 

la correlaciOn de tales lirnites a ic’s lirnites de secuencia 

del yacimiento. Los cambios en la impedancia aci.istica 

sIsmica con tiempo en el volumen Al deben cc’rrclacionarse con 

los cambios en las prc’piedades de roca c’ fiuidc’ ’:c’n respectci 

a la profundidad en ci volumen geolOqico. Una vez que se ha 

confirtnado quc ocurren los tiempos cc’rrectos de 

intercc’nexjOn de impedancia aciistica en los eventris 

estratjqrfjcos ccrrectos, se trazan las superficies 

cuadricuiaclas de correlac iOn de tiempi:’ a travs de tc’dc’ ci 

vc’iurnen Al utli izando re.jillas de 1 theas y 1 neas cruzadas. 
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La etapa 34 deriva hc’rizontes de tiempo a partir de las 

superficies cuadriculadas de correlación de tiempo, las 

cuales se verifican con respecto a los valores isocron 

negativc.s. Se cc’mbinar, ic’s hcurizc’ntes de tiempo para 

cc’mpietar una estructura de capas en tiempo. 

La etapa 36 convierte a cada superficies 

cuadriculada de correlación de tiempo en una SLiperficie de 

cc.rrelación en profundidad utilizandc’ Ufl me.ior estimado de la 

velocidad prc.medic’ para cada hc’rizonte dentrc’ del volumen Al. 

.’ 

Sc pueden real izar a.iustes minercis en las superficies de 

cc’rrelaci.n en profundidad en los sitic’s de pcuzc’, Si hubiese 

algunc’, ya que tales superficies pr4r in general no cc’inciden 

de manera idØntica con ic’s picos de horizc’nte desde los 

sit ic’s de pc’zo. Sc pueden real izar a.)ustes rnenc’res en las 

superficies de correlación en profundidad lejos de los 

, sitic’s de pcizns, si hubiese algunc*, cc’nfiando en ci hechc’ de 

que los cc’ntactos de fiuidc’ son identificables frecuentemente 

- cc.rnc rambic’s espaciales altamente correlaric’nados en ci valor 

de la impedancia acstica. Sc pueden rea.justar tambiØn las 

velc’cidades prc’rncdic’ estirnadas en respuesta a aJLtSteS en las 

superficies de cc’rrelaci6n en profundidad. La etapa 38 

deriva horic’nts en profundidad a partir de las superficies 

de correlación  en profundidad, las cuales se verifican con 

respectc’ a valores "iscupach" negativc’s. Sc cnimbinan los 

horizc’ntes en profundidad para completar una estructura de 

capas en profundidad. Existe una cr’rrespc’ndencia de 

hc’rjzc.nte unc’ a uno entre la estructura de capas en 
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profundidad y la estructura por capas en tiempo. 

La etapa 40 genera un rnc’delc’ geológicc’ 3-D 

dividiendo a la estructura de capas en profundidad, en varias 

celdas o biciques de modelo tridimensional. Cart referenda 

adicicinal a la fiqura 4, se ilustra ci mc’deio qec’lóaico  3-D 

dcl volurnen geol 6gicc. y se designe generaimente con 42 y se 

desiqna a una celda reprcsentativa con 44. Los modelos 

gecslógicos 3-ti de este tipc’ contienen qeneralrnente decenas de 

rniiiu:’nes de celdas. El 1 mite externc’ de la estructura pdir 

capas en profundidad define al vc’lumen 46 rncidelc’. Se ordenan 

las celdas dentrcs del mcidelcs gecilógicc’ 3-D 42 de modc’ que no 

haya sobrepctsición entre las celdas. Ref irlØndonc’s 

adicionaimente a la figura 5, se ilustra que la celda 44 

tiene dos dimensicines expresadas en unidades de lc’rsgitud a 

lo laro de los ejes x e y, los cuales del mean tpicarnente 

un rectÆngulo a cuadradci en una vista en planta. La celda 44 

tiene una ter.:era dimension e:�presada en urtidades de lcngitud 

a lo largo del eje z que es represenitativa de la profundidad 

W 
y delinea ci espesor. Sc seleccic’nan las dimensic’nes 

espec if icas de cada celda en, respuesta al vc.lumen Al qLte CS 

la entrada al model’:. geolOgicci 3-D y datos de datos, Si 

estn dispc’nibles. Par e.jemplct, se pueden seleccic’nar las 

dimensicines de celda como una funciOn de la linea, mediante 

ci espaciamiento de lineas cruzadas con un regimen de 

rnuestreo del perfil de pozo. Sc pueden configurar las capas 

finas de las relcias de modo que las mismas quedert definidas 

�cquitativamente entre dos horizontes de estructura er, capas 
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en profundidad (proporc’ionales), paralcic’s a un horizc’nte 

superior (en sobreposición) a paralelos a Ufl horizonte de 

fc.ndc. (fuera de sc’breposición). 

Sc of.recen aqui las fiuras 4 y 5 para propósitos 

de ilustraciôn. El mc’delc’ gec.lógicc. 42 3-D 
y 

las celdas 

asciciadas son solamente una posible configuración del mc’delo 

. oeolOQico dimensional dentrc’ de los aicances de la presente 

invenci6n. Be comprender6 que ci modelci geolôgicc’ 

dimensional, tal coma se describe aqu, no estÆ iimitadc, a 

cualquier nCmero especifico de dimensiones ci unidades de 

expresión. Tampc’cc, las celdas estn limitadas a cuaiquier 

configuraci.n geomØtrica. Pc’r lo tanto, esta cientro de ic’s 

alcances de la presente invenci’f’n cc.nstruir un mc’delc’ 

aec’lógicce dimensional de dimensiones n y teniendo celdas que 

est.tn confiquradas dimensicinalmente de manera 

correspc.ndiente. 

ftRefirjØndc’nc’s nuevamente a las figuras 3A, 3B, 

se llera al mc’delc. gec’ióqicc’ 3-D con valc.res de datos 

iniciales mediante las etapas 48 
y 

50. La estrurtura pc’r 

capas en tiempo y la estructura por capas en profundidad 

prc.pc.rcic.nan en forma ccsc.perativa Lin campo de vcic.cidad 3-D 

que permite la elabc.ración de mapas de profundidad a tiempri 

y cifrece cc’rrespc’ndencia entre ci modeic’ qeoi’gico 3-D ci 

vc’lumen Al. Como resultado de estc’, la etapa 48 traduce a 

ic’s valcires x, y 
y 

z para cada celda del modeic’ uec’lóqicc’ 3-

D a 
linear Ur-iea cruzada y tieinpci en ci vc’lumcn Al.. Sc 

extrae al valor de la impedaricia acstica ssmica en 
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determinada linca, linea cruzada y tiempo en ci volumer, Al a 

partir de este itltimo y se carga en la ccirrespondiente celda 

del mc’delo gec.ióqicc’ 3-D. Sc repite este prcicedlmientc’ hasta 

que cada celda en ci mc’delc’ qeolóqiro 3-D queda poblada con 

un valor de impedan’:ia actstira ssmica aprc’piada a partir 

del volumen Al Sc carqa frecuentemente ci mismc’ valor de 

impedancia arcistica en muchas ceidas debido a la naturaleza 

limitada de barida, o sea, una resc’luciôn vertical 

baja del vo].uinen Al. Orelativamente 

La etapa 50 estirna los valores de la roca y las 

propiedades de fluido, incluyendo al primer valor 

prc’nc’sticado de la prc’picdad designada de roca c, fluido y 

distribuye a los valores estimados en cada celda. en ci modeic’ 

gcc’lOgico 3-D. Sc seleccic’nan las propiedades de roca y 

- fluido en base a SLI utiiidad en ci modeic’ de respuesta 

petrofisica que se describe rnÆs adelante con referencia a la 

etapa 52. Sc estirnan ic’s valores de las propiedades de roca 

y fluido utiliandc’ principios cientIficc’s y de ingenieria 

bien conc.cidc’s y tc’dcis los datos pet.rc’fisi’:os disporiibles 

para ci vc’iumcn qeol ógicc’. F’or e.iernplc’, iris datos de p020 

pueden estar disponibies a partir de perfiles que ofreren 

riert’:us valores de propiedades de roca y fluido a lo largo 

de rapas de alta resoiución del mc’delc’ gecil Ogicci 3-D que 

correspc’nden a sitios de pc’zc’. Los datos de pc’zo 

propc’rcionan tipicarnente valores local izados de porcisidad de 

pozo adcrnÆs de la identidad de tipos de fluido, tales cc’rnc’ 

valores de gas, petrf’lec’ y aqua, asi corn’:’ valores de 

--
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saturación con fluido. Otrcis datos disponibies pueden 

incluir cÆlculc.s PVT que cifrecert estimadc’s de capacidad de 

compresión de fluido. Las muestras de n’icleo proporcicinan 

densidades de granci y compcisición  mineral de la rc’ca. Se 

puede real izar la distribución de los valores estimados 

iniciales de las propiedades de rc’ca y fluido en ci modelo 

gecil ógico 3-D, de acuerdo con cualquier n’tmerc’ de tŁcnicas 

’:c’nvenr ionai es tales cc’rnc, ponder ac i on de di st anc ia, 

kriaing" co-local izada, etc. Puede ser necesaric’ retener la 

relaciOn especIfica entre ic’s valores estimadc’s iniciales de 

una determinacla propiedad de rc’ca ci fluido proporcic’nada por 

la distribuciOn en etapas de a.juste subsiquientes del 

presente mØtodc’. For eieinplc’, Sc debe retener en etapas de 

a.uste subsiquierites la naturaleza relativa de la porcisidad 

- de estratcis cc’mo una fur,ciOn de la local izaciOn vertical 

prctpc.rc ic’nada pc.r la distr ibuc iOn. 

La etapa 52 estable ci mc.delo de respuesta 

petrc’fisica que Se basa en la relaciOn conc’cida entre las 

prc’piedades de rc’ca y fluido, y la impedancia acistica. El 

mc’delo de respuesta petrc’fisica es distinto del rnc’delc’ 

gec’l ógico 3-0, siendo un sistema de ecuac iones de respuesta, 

en ci cual la prc’piedad desiqnada pronosticada de rc’ca 
ce 

fluido es una variable independiente primaria y la impedancia 

actstica pronosticada es una variable dependiente primaria. 

Sc utiliza ci mc’delo de respuesta petrof(sica para ci 

’:Ælculc’ directo de ic’s valores prc’nr’sticadc’s de impedancia 

acst ica, ut ii izando ic’s valores est irnados de las 
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propiedades de roca y fluido, incluyendc’ los valores 

proncisticados de prc’piedad designada de roca 0 fluido. As!, 

el modalci de respuesta petrofisica describe la forma en que 

var ía la impedancia acistica con una o màs propiedades de 

roca y fluido, incluyendo la propiedad designada de fluido o 

roca dentro del vc’lumen geológicc’. 

Se deriva preferiblemente al modelo de respuesta 

to petrc’fIsica a partir de ecuaciones de módulos elsticcss 

convencionales, con apacidad de predicci’n, de roca y 

fluido. Se describe un ejemplo de sistema de tales 

ecuaciones en Mavko, G. y otros, editores Rock Physics 

,Formulas, Rock Physics Laboratory, Stanford University, 1993, 

incc’rpctrado aqui a mcudct de referencia. La impedancia 

acistica (Al) estA relacionada con las propiedades de roca y 

fluidi:’ mediante el siguiente sistema de ecuaciones: 

Alvppi, 

dc’nde: vp = velc’cidad de compresiOn 

ph = densidad volumŁtrica 

� La velcicidad de ccsmpresiôn estÆ relacionada con las 

propiedades de roca y fluido mediante la primera ecuación de 

Chr istoffle: 

vp= [(K 4/3 G*)/pb] 

en la cual: 

= módulo volumØtrico (inversa de la 

compresibilidad del sistema) 

m’dulci de corte 
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Se calcula el m.dulc, volumØtrico a partir de la expresiôn de 

Gassrnann 

K* = KA + [(1 - (KAIKM)2)I[(IKF) + ((14)1KM) - (KA/(KM)2))) 

en la cLta1 

môdulc’ del sistema (inversa de la 

compresibilidad de la roca seca) 

KM = módulc’ mineral (inversa de la compresibilidad 

de grÆro) 

= pc’rosidad de la roca 

Kw = môdulo de fluido (inversa de la 

compresibilidad de fluido) 

Se estima el módulo de cc’rte 6* cc.mo una funci4n 

lineal de la pc.rcssidad de la roca. 

Se calcula la densidad vc.lumØtrica comc’ 

Pb = Pnia * 0 - t) + (S Pw + 0 S) PHC) 

en la cual: 

densidad de la matriz 

I - = densidad del agua congØnita 

= densidad del hidrocarburcs a las condiciones 

PVT correctas 

= saturación del agua del yacimiento 

Como se indicô anteric.rmente con referencia a los 

valcires de estimaci.n de las prc.piedades de roca y fluido, la 

aplicación del mc’delo requiere el uso exhaustivo de todc’s los 

datos petrc.sicos dispc’nibles para el vc’lumen gec’l.gicc. de 
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determiriada por ci signs:’ de la diferencia entre ci valor 

promedio prcsncssticado y ci valor sismico de la impedancia 

ac ist I ca * 

La etapa 64 retcsrna al circuitc’ de minimizaci’f’n de 

error a la etapa 56, en la cual se calcula un segundo valor 

pronosticado utilizandc’ al mc’delc’ de respuesta petrofsica y 

a ic’s valores estlmadc’s de las prcipiedades de roca y fluido, 

incluyendc’ al segundo valor pronc’sticadc’ de la propiedad 

designada de roca c’ fluido, ci cual reemplaza al primer valor 

pronc’sticado. Sc repiten las etapas 58, 60, 62 y 64 tan 

frecuentemente cc’mc’ sea necesarlo, hasta que el valor 

absolutci de la diferencia entre el valor pronosticadcs de la 

impedancia acstica y ci valor sismico de la misma para ci 

grupc’ sele’:cionadc’ de ceidas sea mcnc’r o igual a la 

tc’lerarscia mÆxima El valor prc’nosticadc’ de la propiedad 

designada de roca c fluid’:’ para cada ceida del grupo que 

0 ic’gra este resuitado es ci valor minimizadc’ de error de la 

propiedad designada de roca C’ fluido para esa celda Es 

Sevidente que se varian los valores proncssticadcis de 

impedancia actstica y los valores pronosticadcis de propiedad 

designada de roca y fluido durante ci circuitc’ de 

minimización de error, mientras que ic’s valores estimadc’s 

restantes de las propiedades de roca y fluido, ic’s valores 

sismicc’s de impedancia actstica y la forma de las ecuaciones 

de respuesta del mc’delo de respuesta petrofisica son 

mantenidc’s fi.jc’s. 

La etapa 66 actual iza ci rnc’delc’ gec’i Oqico 3-D 
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mediante la repobiación de las celdas seleccicinadas del 

modelci gecii ógico 3-D con ic’s valores minimizados de error de 

la propiedad designada de roca c’ fiuidc’. En particular, los 

valores rninirnizados de error reciØn determinadc’s de la 

propiedad designada de rcca c’ fluidci son sustituidc’s pctr 

cada primer valor prc’nosticado cc.rrespc’ndiente de la 

propiedad designada de rc’ca ci fluidc’ pcubiada en el mc’delo 

gecilOgicc’ 3-D en la etapa 50. La etapa 68 retc’rna al 

circuitc’ de selecciOn de agreqado de celda a la etapa 54, en 

la cual se seleccicina cct.rc’ arupc’ de celdas rontiquas a partir 

del mrsdeict gec.lóqico 3-D en ci cual es constante la 

impedancia actstica ssmica. Sc realiza el rircuitci de 

minimizaci’’n de error para ci grupc’ reciØn scieccionado de 

celdas cc’ntiguas a fin de determinar iris valores minimizadc’s 

de error de la propiedad designada de rc.ra ci fluidc’ para 

estas celdas. Luego, se a’:tualizan estris valores minimizadris 

de error en ci modeica qec’iógicc’ 3-D. Sc repite ci circuitci 

de selección de agreqadri de celdas tan freruentemente rc’mc’ 

� 

sea necesaric en la forma indicada antericirmente, hasta que 

se determiria Lin valor mirtimizado de error de la propiedad 

designada de rc’ca c fluidci para cada celda en ci mc’delc. 

gecil ’’aicc’. 

Una caracteristica adicicinal del presente rnŒtc.dri es 

la seiecci.sn de la propiedad designada de rc.ca ci fluidc’. La 

seiecrióri tie una propiedad adecuada designada tie rc’ca 
cc 

fluidci permite al ciperadrir caracterizar exactamente al 

yacimientci de fluidc’ dentro del vciluinen geoltgico cuando ci 
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mc’delo gec’1.gicci 3-D estÆ pc’blado con los val ores minimizados 

de error de la propiedad. El operador selecciona tipicamente 

la propiedad designada de roca o fluido en asc’ciaciôn C’ en 

forma preliminar con las etapas indicadas antericirmente de la 

figura 4. Los criterios de selecci.n cstÆn dentro del puntcs 

de vista de ic’s expertc.s en ci arte y son una fur,ci’n de las 

. necesidades esperificas del operador. Tipicamente, ic’s 

criteric’s de selecrión son una funciön de la aplicación 

deseada del mc’delc. gec’l ’f’gico resuitante 3-D y ic’s valores de 

datos rninimizados de error. Por e.jernpio, los expertc.s en ci 

arte reconoren generalmente a la pc’rc’sidad, tipo de fluid’:’ 

’ci saturaciôn cc’mo una propiedad significativa en las 

api icaciones de expioración de hidrocarburcs. En forma 

similar, un expertci en ci arte rcconc’cen qeneralmente a la 

pc’rc’sidad, tip’:’ de fluido o permeabilidad comc’ una propiedad 

significativa en las aplicacir’nes de mane.jc de yacimientc’. 

SPor ic’ tanto, aunque ci presente mØtc’dcs no estA iimitado a 

cualquier propiedad especifica designada de roca c’ fluido, 

las prc’piedades indicadas anteriormente de roca y fluido, ci 

sea pc’rc’sidad, tipri de fluido, saturación y permeabilidad, 

son ejemplos de prc’piedades designada de roca ci fluidce q U e 

tienen utilidad en ci presente niØtodc’. 

La figura 6 ilustra la capacidad del presente 

mØtcido para pronosticas exactamente valc’res de una propiedad 

designada de roca ci fluido. Sc scieccicina a la porc’sidad 

comc’ la propiedad designada de roca ci fluid’:’ para esta 

- aplicación. Sc determinan ic’s valc’res minimizadc’s de error 
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de la pc’rc’sidad a lc largo del cirificic’ de poc’ de acuerdo 

con ci presente mØtc’do. Sc determirian tambin ic’s vaicires 

estimadc’s de propiedades de rc’ca y fluidc’, c’ sea saturación 

y 

oermeabiiidad, y ic’s valcires prcsnc.sticadc’s de impedancia 

actstica, a lo largo de la icingitud del pozc’ de acuerdc’ con 

ci presente mtodc’. Se trazan estc’s valores en ejes 

verticales scparadcis con una 1 Inca punteada. Sc trazan los 

valc’res experirnentaics medidc’s reales de pr.rc’sidad, 

satura’:iôn, permeabiiidad e impedancia accistica, en ic’s 

mismc.s ejes respectivr.s con una ilnea continua para 

ccimparaciitn. Es evidente que ci presente mØtc’do prcsnristica 

en forma exacta los vaicires de pc.rcisidad en ci vc’lumen 

geológicc’, ic’qrancic’ un a.juste estrechc’ entre los vaicires 

rninimizadr’s de error y ic’s valc’res experirnentaies mcdidc’s de 

porc.sidad, a’tn cuandc’ icis vaiores estimadc’s de las 

prc’piedades restantes de la roca y fluidc’ del modeic’ de 

respuesta petrc.flsica scan menc’s exactos. 

Si bien se han iiustradc’ 
y 

descritc’ las fc’rmas 

preferidas de la invención, se comprcnderÆ que se pueden 

establecer alternativas y mc’dificacicnes tales cc’mc’ las 

sugeridas 
y 

muchas c’tras, que caen dentrci de los aicances de 

la presente invención. 
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REIVINDICACIONES 

1. Un mŁtodc’ par determinar iterativamente un valor 

minimizado de error de una propiedad designada de roca 0 

fluido en un sit ica de un volumen Qeolôcjicc’ subterrnec’; dicho 

mØtc’do ccimprende: 

, prcspcsrcicsnar un volumen geológico subterrtnec’, en 

ci ’:uai se ha determinado eperimentalmcnte una distribuciOn 

de val ores sismicos de impedancia acistica para dicho volumen 

geolOgis:cs; 

caracterizar a dicho volumen geolôgico mediante Un 

volumen modelo que tienc varios subvolcirnenes modelo; 

seleccictnar un subvcslumen modelo a partir del grupo 

de subvcslCmenes modelo; 

asiqnar un valor sismiro de impedància actstica a 

partir de dicha distribuciôn hacia ci subvc’lumen modelo; 

0 designar una propiedad de roca cs fluido pertinente 

para dicho volumen geol.aico; 

asignar un primer valor pronosticadc’ de dicha 

propiedad designada de roca o fluido a dicho subvcsiumen 

modelo; 

cicular un primer valor proncisticado de impedancia 

actstica para dicho subvc’lumen modelo a partir de un modelo 

de respuesta util izando un primer valor proncisticado de la 

propiedad designada de roca c’ fluido, en el cual dicho mcsdcics 

de respuesta es sensible a cambios en los va].c’res 

prcsnc’sticadcss de la propiedad designada de roca ci fluido; 
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comparar al primer valor prcinc’sticadc, de impedancia 

acistica con el valor sismicci de esta Ciltima para determinar 

una primera diferencia entre los valores proncisticadc.s y 

ssmicc’s de impedancia actstica; y 

ajustar dicho primer valor pronosticado de la 

propiedad designada de roca ci fluido en respuesta a la 

primera diferencia para crear un segundo valor proncisticadci 

tie dicha propiedad designada de roca ci fluido, en la cual 

dichc’ segundo valor reduce a dicha primera diferencia. 

2. El mØtcidcu, tie acuerdo con la reivindicaciôn 1, 

cc’mprendiendcs el ciculc. de Un segundo valor prc’ncisticadc’ de 

impedancia acistica para el subvc’lumen mc’delc’ de dichc’ rnc’delo 

de respuesta. util izando a dicho segundo valor prcuncisticado 

de la propiedad designada tie roca 
y 

fluido. 

3. El mØt.ctdo, de aruerdo con la reivindlcaci.ôn 2, 

comprendiendri ademÆs la cc’mparación del segundo valor 

pronosticadci de impedancia acistica cciii la impedancia 

ac’.stica del valor sismico a fin de determir-iar Ufla SegLunda 

diferencia entre los valores prc’nosticadcis y sismicos de 

impedancia acistica, en el cual dicha segunda diferencia es 

mencir que la primera diferencia 

4. El mØtcidc,, tie aruerdc’ con la reivindicaciôn  It 

ccsrnprendiendo ademÆs la repetici4n iterativa de las etapas tie 

ajustar el valor prc’nosticado tie la propiedad designada tie 

roca ci fluido; calcular al valor prcinc.stjcadc ajustadcs de la 

propiedad designada tie roca ci fluido; 
y comparar al valor 

prc’nc’stjcadci calculado de impedancia aciustica con el valor 
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sismico de esta 61tima para determinar a dicha diferencia 

entre los valores proncisticados y ssmicc’s calculadc’s de 

impedancia acistica. 

5. El mtc’do, de acuerdo con la reivindicación 4, en 

ci cual cc termina la repetición iterativa cuandc’ la 

diferencia no excede a una tolerancia mAxima predeterminada. 

6. El mØtodc’, de acuerdo con la reivindicación 1, en 

ci cual ci subvolumen mc’delc’ seleccicunado cc wi primer 

subvc’iumen mc’delc dentro de un grupo de subvolitmenes mc*delo 

cc’ntiquos que tienen un valor sismico comn de impedancia 

ac’ist ica. 

7. El mØtodo, de acuerdo con la reivindicación 6, en 

ci cual ic’s vaicires pronosticadcss de impedancia acistica par 

tc’dos los subvolmenes mcidelci en dicho grupo son promediados 

para crear un valor pronosticadc’ prornedici de impedancia 

actstica para dicho grupo y se determina la diferencia entre 

ci valor prc’nc’sticadc’ promedlo de la impedancia accistica y 

ci valor sismico cc’m’in de impedancia actstica para dicho 

grupo. 

B. El mØtr’dr’, de acuerdo con la reivindicaciOn 1, en 

ci cual la prc’piedad des1nada de rc’ca c’ fluido estA 

seleccicinada del grupo que cc’nsiste de porc’sidad, saturación 

y permcabilidad. 

3. El mØtodo, de acuerdo con la reivindicación 1, 

comprendiendo ademAs 

seleccicunar un sequndc’ subvcslumen mc’delc’ a partir 

del grupo de subvc’l’tmenes mc’delc’; 
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asignar un valor sismico do impedancia actstica 

dosde dicha distribuciôn a un segundo subvolumen modelo; 

asiqnar un primer valor prc’nosticadcs do dicha 

prc’piedad designada do roca ci fluidc’ a dicho segundo 

subvolumen modelo-, 

calcular un primer valor pronosticadr do impedancia 

acctsti.:a para el segundo subvolumen modelo desde el modelo do 

10 respuesta util izando al primer valor pronosticado do la 

. propiedad designada do roca a f].uido para dicho segundo 

subvolumen modelo; 

comparar al primer valor proncist.icadc’ do impedancia 

a.:tstica con ci valor sismico do la impedancia actistica para 

ci segundo subvolumen modelo a fin do determinar una primera 

diferencia entre l.:ss valores proncisticado y sismico do 

impedancia ac’stica para el segundo subvolumen; y 

a.iustar al primer valor prc’ncssticado de dicha 

prc’piedad designada do roca a fluidc’ para el segundo 

subvolumen modelo en respuesta a la primera diferencia para 

crear un segundo valor prc’ncssticado do dicha prcspiedad 

designada do roca ci fluidci para el segundo subvolumen modelo, 

en ci cual el segundo valor pronosticadot reduce a dicha 

primera diferencia. 

10. El mØtcido, do acuerdcs con la reivindicacin 9, ens 

ci cual ci segundo subvolumen modelo estÆ incluidcs dentro do 

Lin segundo QrLtpO do subvolCimenes modelo cc’ntiguc’s quo tienen 

un valor sismico cc’m’tn do impedancia ac’stica. 



FIG. I 

CONSTRTJCCION DE MODELO 

GEOLÔGICO DIMENSIONAL 

e I 
�1 

I POBLACION INICIAL DE VALORES DE DATOS 
EN EL MODELO GEOLOGICO DIMENSIONAL 

L 

ESTABLECIMIENTO DE UN MODELO DE 

RESPUESTA PETROFISICA 

MINIMIZACIÔN DE ERROR DE LOS VALORES 

PRONOSTICADOS DE LA PROPIEDAD DESIGNADA 

DE ROCA 0 FLUIDO USANDO EL MODELO 

DE RESPUESTA PETROFISICA 

REPOBLACIÔN DE LOS VALORES MINIMIZADOS 

DE ERROR EN EL MODELO GEOLÔGICO 

DIMENSIONAL 



frL 

zI. 

Did 



PROPORCIONA DISTRIBUCION DE LOS 
VALORES SISMICOS CON RESPECTO AL 

TIEMPO PARA VOLUMEN GEOLOGICO 

I ,-32 I 
I 

INTERPRETA LOS LIMITES 
MAYORES EN EL VOLUMEN Al 

(-34 
V 

DERIVA HORIZONTE DE TIEMPO 
A PARTIR DE SUPERFICIES 

DE CORRELACION DE TIEMPO 

I 

CONVIERTE LP STJPERFICIE DE 
CORRELACION DE TIEMPO EN 

SIJPERFICIE DE CORRELACION 
DE PROFUNDIDAD 

I t-38 

DERIVA HORIZONTES DE 
PROFUNDIDAD A PARTIR DE 

STJPERFICIES DE CORRELACION 
EN PROFUNDIDAD 

GENERA UN MODELO 

GEOLOGICO 3-D 

40 

0 1 I I ,-48 

FIG. 3A 

MODELO GEOLOGICO 
lP013LAC10NAL CON VALORES 

hA SISMICO DE VOLUMEN Il 

MODELO GEOLOGICO QUE 

ESTIMA VALORES DE LA 

ROCA Y LAS PROPIEDADES 

flE FLUIDO 



0 

S 

FIG. 3B 

VALOR SELECCIONADO DE 

CELDAS AGREGADAS 

VALOR MINIMIZADO DE ERROR 

ESTABLECE EL MODELO DE 
RESPUESTA PETROFISICA 

54 

SELECCIONA GRUPO DE CELDAS 

DE MODELO GEOLOGICO EN LA 

CUAL ES CONSTANTE LA 

:MPEDANcIA ACUSTICA Sf SMIA 

56 

CALCULA UN VALOR 

PRONOSTICADO PARA IA PARA 

CADA CELDA USANDO EL 

MODELO DE RESPUESTA 

PETROFISICA Y LOS VALORES 

ESTIMADOS DE LAS PROPIEDADEE 

DE ROCA Y FLUIDO 

11 
PROMEDIO CALCULADO 

DEL VALOR PRONOSTICADO 

DEL IA PARA AGRUPAMIENTO 

,-60 

ALCULA DIFERENCIAS ENTRE 
EL PROMEDIO IA Y EL 

SISMICO IA PARA 
AGRUPAMI ENTO 



S 

S 

REGRESA A PASO 56 SI 
EL MAXIMO DE TOLERANCIA 

DE LA DIFERENCIA ES 
EXCEDIDO 

ETORNA AL PASO 54 HASTA 

EL MODELO GEOLÔGICO SEA 

REPOBLJJO 

FIG. 3C 

IL 

62 

AJIJSTA VALOR PREDECIDO DE 
PROPIEDADES DE ROCA 0 

FLIJIDO PARA REDtJCIR 

LP DIFERENCIA 

m. 

REPOBLLACI6N DE MODELO 
GEOLOGICO CON LOS VALORES 

MINIMIZADOS DE ERROR 
DE LAS PROPIEDADES 

DESIGNADAS DE ROCA 0 
FLUIDO SI LA TOLERANCIA 

MAXIMA NO EXCEDE 



C 

17 DLI 



0 

FIG. 5 



IMPEDANCIA 
ACUSTICA 

-- 

I 

I  
wryy _- �AZY. 

NNE-mom -longmmmm 

VALORES DE ERROR FIG. 6 MINIMIZO(O PREDECIDO) 

VALORES EXPERIMENTALES 



I. 

10 

- 

::j L1 - tir !t Æip 

- -: 
PA 388657 - 

iIbL]) iy 

UNITED STATES DEPARTMENT OF COMMERCE 

United States Patent and Trademark Office 

April 17,2001 

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 

THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 

OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 

APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 

FILING DATE UNDER 35 USC 111. 

APPLICATION NUMBER: 091584,063 

FILING DATE: May 31, 2000 

By Authority of the 

NOMMISSIONER OF PATENTS AND TRADEMARKS 

OVA)M’Y\(J 

T. LAWRENCE 

Certifying Officer 



I 

26-oJ- D 

i� 

i� 

Please type a plus sign (+) Inside this box �> [] 

UTILITY 
PATENT APPLICATION 

TRANSMITTAL 
(Only for new nonpp.wislonal eppllcatluns under $I C.F.R . 1. SSlbD 

APPLICATION ELEMENTS 

,11 
Approved for use thmsh 0913012000.0MB 0851.0032 
Trademark Office: U.S. DEPARTMENT OF COMMERCE 

AltorneyDOcketNo. 1 9900I7USA 

First lnventororAppflcation Identifier IJeffly G. Hamman et al. 
TWO IMeThod for Predicting Quantitative Values of a Rock or Fluid Pal 

EReservoir Using Seismic Data 

See MPEP chapter 600 concernIng utW4,petent application contents. 

f V1 Fee Transmittal Form (e.g.. PTO/SBII 7) 
(bnte&w.dadiee*rftepecessrig) 

2

 

Specification ITOWPAM 126 I’ 
(&eemes5selft,lfl b&ow) 

- Descriptive title of the Invention 

- Cross References to Related Applications 
- Statement Regarding Fed sponsored R & D 
� Reference to Microfiche Appendix 
- Background of the Invention 
- Brief Summary of the Invention 
� Brief Description of the Drawings (if flied) 

- Detailed Description 

� Claim(s) 
-Abstract of the Disclosure _____ 

3. 
lxi 

Drawing(s) (35 U.S.C. 113) [Total Sheets 18 I 

ADDRESS TO: Box 

8.LJ Microfiche Computer Program (Apr 

7. Nucleotide and/or Amino Acid Sequence 
(lop Icable. all necesSary) 

a. Computer Readable Copy 

b. Paper Copy (identical to computer copy) 

c. Statement verifying identity of above copies 

8. "Assignment Papers (cover sheet & document(s)) 

9. 37 C.F.R.3.73(b) Statement 
Pawer of Attorney 

(when there Is an assignee) 

_____ io[J English Translation Document (If applicable) 

11.[:Information Disclosure r-iCopies of IDS 
] Statement (IDS)/PTO-1449 Citations 

4. Oath or Declaration (Totl Pages j 12.[I] preliminary Amendment 

a. (Z] Newly executed (original or copy) 13 
(Should be specifically itemIzed) 

b 
[] 

Copy from a prior application (37 C.F.R. § 1.63(d)) *Small Entity 
Statement flied in prior apprics (far conunurfdMsicnai.#Ifh Box 17 completed) 14 . Statement(s) Status still proper and desired 

Return Receipt Postcard (MPEP 503) .[ 

(Note Box 5 below] (PTO/s2/0942) 
DELETION OF INVENTOR(S) L L_Jslgned statement attached deleting 15.E 

Certified Copy of Priority Document(s) 

Inventor(s) named in the prior application, (If foreign priority Is claimed) 

r�i 

� see 37C.F.R. §5 1.63(d)(2)sod 1.33(b). I SEK Other 

I_Is, ..’. i’ 5’ 
’5�I 

D Customer Number or Bar Code Label’,- .. : �’ . -; or [ Correspondence address below 

Name 
pack E. Ebel 

t

arathonOil 

Address O.13ox269 

City ILittleton I State 1 CO I ZfpCode I 80160 

Country IArapahoe 7 / ( jelephone 1(303)347r5622 ( Fax 1(303) 347-5369 

Name 
- 

Registration No. (Atto,ney/Aoent) I 28,148 

Signature 
I 05131/00 

Burden Hour Statement *form Is e;timated to take 0.2 hours to complete. Time will vary depending upon the needs of the individual 
case. Any comments on tUb amount of time you are required to complete this form should be sent to the Chief Information Officer. Patent 
and Trademark Office, Washington. DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SENT TO: 
Assistant Commissioner for Patents, Box Patent Application, Washington, DC 20231. 



In The United States Patent and Trademark Office 

Docket No. 990017 USA 

DATE: May 31, 2000 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir or Madam: 

Transmitted herewith for filing is the patent application of 

Inventor(s): Jeffry G. Harriman, Donald H. Caldwell, and Stephen D. Wilson 

Entitled: METHOD FOR PREDICTING QUANTITATIVE VALUES OF A ROCK OR 
FLUID PROPERTY IN A RESERVOIR USING SEISMIC DATA 

Enclosed are: 
do 
0- X. Cover Letter with Certificate of Mailing by Express Mail dated 05/31/00. 

Utility Patent Application Transmittal, Form PTOISBI05. 

.. Fee Transmittal Form PTO/SB 17 (in duplicate). 

.. Combined Declaration and Power of Attorney for Patent Application. 

. 26 pages of specification, including claims and abstract. 

X Eigh eets of drawings (FIGS. 1-6). 
tv 
14 

6 � ? // 4 
Attorney of Record 

P.O. Box 269, Littleton, CO 80160 
(303) 347-5622 

"Express Mail" Mailing Label No. 1B790834726 

Date of Deposit May 31, 2000 

I hereby certify that this paper and the enclosures are being deposited with the United 
Stales Postal Service "Express Mail Post Office to Addressee" service under 37 CFR 1.10 
on the date indicated above and is addressed to the Assistant Commissioner for Patents, 
Wahington, D. C. 20231. 

Ray Weinrich 

A4h/PA44L% /7 Signature 

990017 USA 
Docket Number 

May 31, 2000 
Date 



C 

990017 

METHOD FOR PREDICTING QUANTITATIVE VALUES OF A ROCK OR 
FLUID PROPERTY IN A RESERVOIR USING SEISMIC DATA 

TECHNICAL FIELD 

5 The present invention relates generally to a method for creating a 

dimensional geologic model of a subterranean fluid reservoir. More 

particularly, the invention is a method for populating the dimensional geologic 

model with quantitative values of a designated rock or fluid property which are 

error minimized using a petrophysical response model and seismic data. The 

10 resulting dimensional geologic model facilitates exploration or production 

management of hydrocarbon-bearing reservoirs. 

BACKGROUND OF THE INVENTION 

In the exploration for hydrocarbons and the exploitation of 

; 15 hydrocarbons from subterranean environs, there is an ongoing need to 

accurately characterize subterranean reservoirs of interest Knowing the areal 

extent, hydrocarbon content, and fluid permeability of a hydrocarbon-bearing 

reservoir is extremely important to reduce the risk of economic loss and 

conversely to increase the rate of return on hydrocarbon production from the 
IM 
jj 20 reservoir. Such information regarding the subterranean reservoir is most 

readily obtained from one or more wells which are drilled through the 

reservoir. Drilling rates, drill cuttings, changes in drilling mud composition 

and core samples from a well provide the requisite information. Logs 

generated by passing well logging tools through a well are also a good source 

25 of information. Logs provide valuable information concerning the rock and 

fluid properties of the subterranean reservoir, such as porosity, fluid 

identification, and shale volume. Exemplary logs include resistivity, gamma 

ray, density, compressional velocity, shear velocity, and neutron logs. 

Since the logs only measure rock and fluid properties up to about one 

30 foot from the well bore and the vast majority of the reservoir is not penetrated 

by wells, the logs are unfortunately only capable of characterizing an 

extremely small fraction of a reservoir. Furthermore, the act of drilling 

stresses the rock surrounding the web bore, thereby changing the rock 

properties and introducing error into measurements obtained by well logging 

I 
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and core analysis. A long standing need exists to accurately characterize 

rock and fluid properties across substantially the entirety of a subterranean 

reservoir and, in particular, to accurately characterize rock and fluid properties 

in regions of the reservoir which are not sampled by wells. 

5 Well data has conventionally been extrapolated away from the well 

bore to characterize the entirety of the reservoir when well data is limited. 

Conventional extrapolation techniques depict the subterranean reservoir as a 

plurality of three-dimensional arrays of blocks or cells which are integrated 

together to form a three-dimensional model of the reservoir. Typically, the X, 

10 Y and Z coordinates of each block are determined in both absolute elevation 

and stratigraphic surfaces and search algorithms are used to determine 

relative data points in the vicinity of each block. In addition, the rock 

properties of each block are assigned by means of estimation methods, such 

as distance based methods using interpolated averaging methods which are 

. 
15 based upon nearby data values and geostatistical methods which account for 

both the distance and spatial continuity of rock properties. 

Seismic surveys have also been used to provide seismic information 

over the portions of the subterranean reservoir which are not sampled by a 

well. Impact devices, such as vibratory sources, gas guns, air guns, and 

20 weight drops, are employed at the earthen surface or in a well bore as a 

seismic source to generate shear and compressional waves in the 

subterranean strata. These waves are transmitted through the subterranean 

strata, reflected at changes in acoustic impedance, and recorded, usually at 

the earthen surface, by recording devices placed in an array. This recorded 

25 data is typically processed using software which is designed to minimize noise 

and preserve reflection amplitude. The seismic surveys are ultimately evolved 

into three-dimensional data sets representing a direct measurement of the 

surfaces of the rock which define the subterranean reservoir. The data sets 

are increasingly used to evaluate and map subsurface structures for the 

30 purpose of exploring or exploiting oil, gas or mineral reserves. However, 

seismic data has not generally been utilized in three-dimensional geologic 

models for any purpose other than to define the top and base of the model. 

The present invention recognizes a need to more effectively integrate seismic 

2 
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data with geologic models for accurate characterization of subterranean 
reservoirs. 

Accordingly, it is an object of the present invention to provide a method 

for more accurately predicting quantitative values of rock or fluid properties in 

a subterranean reservoir by the integrated use of seismic data and 
dimensional geologic models. It is another object of the present invention to 
provide a method for predicting quantitative values of rock or fluid properties 

in a subterranean reservoir which have specific utility for hydrocarbon 

exploration, enabling the practitioner to more accurately define the magnitude 

and bounds of a hydrocarbon-bearing reservoir. It is still another object of the 
present invention to provide a method for predicting quantitative values of 

rock or fluid properties in a subterranean reservoir which have specific utility 

for management of the hydrocarbon-bearing reservoir, enabling the 

practitioner to more closely maximize or otherwise optimize hydrocarbon 

production from the reservoir. These objects and others are achieved in 

accordance with the invention described hereafter. 

SUMMARY OF THE INVENTION 

The present invention is generally a method for creating a dimensional 

geologic model of a subterranean fluid reservoir which is populated with 

relatively precise quantitative rock or fluid property data. The resulting 

dimensional geologic model provides an accurate characterization of the fluid 

reservoir, thereby facilitating exploration or production management of 

hydrocarbon-bearing reservoirs. The method is performed by initially 

characterizing a geologic volume, including the fluid reservoir of interest, in 

terms of a model volume which is subdivided into a plurality of model 

subvolumes. The model subvolumes correlate to specified locations 

throughout the entirety of the geologic volume. Error-minimized values of a 

designated rock or fluid property are iteratively determined for each of the 

model subvolumes. The resulting error minimized values of an appropriately 

designated rock or fluid property have specific utility for hydrocarbon 

exploration, enabling the practitioner to more accurately define the magnitude 

and bounds of a hydrocarbon-bearing reservoir within the geologic volume. In 

3 
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addition or in the alternative, the resulting error minimized values of an 

appropriately designated rock or fluid property have specific utility for 

management of the hydrocarbon-bearing reservoir within the geologic volume, 

enabling the practitioner to more closely maximize or otherwise optimize 

5 hydrocarbon production from the reservoir. 

In accordance with a specific embodiment of the present method a 

subterranean geologic volume is provided, wherein a distribution of seismic 

values of acoustic impedance has been experimentally determined for the 

geologic volume. The geologic volume is characterized by a model volume 

10 having a plurality of model subvolumes. A model subvolume is selected from 

the plurality of model subvolumes and a seismic value of acoustic impedance 

from the distribution is assigned to the model subvolume. A rock or fluid 

property relevant to the geologic volume is designated and a first predicted 

Lq value of the designated rock or fluid property is also assigned to the model 

15 subvolume. A first predicted value of acoustic impedance for the model 

subvolume is calculated from a response model using the first predicted value 

W of the designated rock or fluid property, wherein the response model is 

responsive to changes in predicted values of the designated rock or fluid 

property. The first predicted value of acoustic impedance is compared to the 

20 seismic value of acoustic Impedance to determine a first difference between 

the predicted and seismic values of acoustic impedance. The first predicted 

value of the designated rock or fluid property is adjusted in response to the 

first difference to create a second predicted value of the designated rock or 

fluid property, wherein the second predicted value reduces the first difference. 

25 Thereafter a second predicted value of acoustic impedance for the 

model subvolume is calculated from the response model using the second 

predicted value of the designated rock or fluid property. The second predicted 

value of acoustic impedance is compared to the seismic value of acoustic 

impedance to determine a second difference between the predicted and 

30 seismic values Of acoustic impedance, wherein the second difference iS less 

than the first difference. These steps are iteratively repeated until the 

difference does not exceed a predetermined maximum tolerance. The 

predicted value of the designated rock or fluid property upon termination of 

4 
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the iterative repetition is an error minimized value of the designated rock or 
fluid property for the selected subvolume. The method is repeated for another 
model subvolume until error minimized values of the designated rock or fluid 
property have been determined for every model subvolume of the model 

5 volume. 

The invention will be further understood from the accompanying 
drawings and description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Figure 1 is a schematic flowchart providing an overview of the method 

of the present invention. 

Figure 2 is a schematic representation of a subterranean geologic 
volume including a fluid reservoir of interest. 

Figure 3A, 313, 3C is a schematic flowchart showing a detailed 
15 embodiment of the method of Figure 1. 

Figure 4 is a schematic representation of a 3-13 geologic model 
constructed in accordance with the embodiment of Figure 3A, 3B, 3C. 

Figure 5 is a schematic representation of a cell from the 3-1) geologic 
model of Figure 4, wherein the cell is populated with initial data. 

20 Figure 6 is a graphical representation of predicted data for rock and 
fluid properties determined in accordance with the method of Figure 1. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
An overview of the present method is shown in the flow chart of Figure 

25 1 and described below with reference to Figure 1. The method comprises five 
stages. The first stage is construction of a dimensional geologic model based 
on an actual physical geologic volume which includes a fluid reservoir of 
interest. The dimensional geologic model comprises a model volume divided 
into an array of model subvolumes. The array of model subvolumesprovides 

30 a dimensional framework for correlating experimental or predicted values of 
geophysical and petrophysical properties to specified locations within the 
geologic volume. The dimensional geologic model is constructed using a 
distribution of experimentally determined seismic values of acoustic 
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impedance for the geologic volume and other known experimental or derived 
data relating to the geologic volume which are obtained preliminary to the 
present method. 

The second stage of the method is initial population of data values into 
5 the dimensional geologic model. In accordance with the initial data population 

stage, quantitative values of certain geophysical and petrophysical properties 
of the geologic volume are assigned to the entirety of the dimensional 
geologic model. In particular, the experimentally determined seismic values of 
acoustic impedance from the above-recited distribution are assigned to every 

10 subvolume of the dimensional geologic model. Estimated values of rock and 
fluid properties of the geologic volume are also assigned to every subvolume 
of the dimensional geologic model. The estimated values of the rock and fluid 
properties include initial estimated values of the designated rock or fluid 

fl property (alternately termed first predicted values) which are of particular 
15 utility to the present method. 

The third stage of the method is establishment of a petrophysical 
response model. In the petrophysical response model establishment stage 
one or more response equations are selected or otherwise derived from 
physical relationships between rock, fluid, and seismic properties in a 

20 reservoir, which are well known to those skilled in the art of rock and fluid 
physics. The response equations enable calculation of a predicted value of 
acoustic impedance by inserting the estimated values of the rock and fluid 
properties, including the predicted value of the designated rock or fluid 
property, into the response equations. As such, the petrophysical response 

25 model generates a predicted value of acoustic impedance which is responsive 
to changes in the predicted value of the designated rock or fluid property. 

The fourth stage of the method is error minimization of the predicted 
values of the designated rock or fluid property. The error minimization stage 
is initiated by using the petrophysical response model and estimated values of 

30 the rock and fluid properties including the first predicted value of the 
designated rock or fluid property to calculate a first predicted value of acoustic 
impedance for a selected model subvolume. The error minimized value of the 

designated rock or fluid property is determined by comparing the first 
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predicted value of acoustic impedance to the seismic value of acoustic 

impedance, iteratively adjusting the predicted value of the designated rock or 

fluid property in response to the comparison, and recalculating the predicted 

value of acoustic impedance using the petrophysical response model and 

5 adjusted predicted value of the designated rock or fluid property until an 

acceptable match is achieved between the predicted value and the seismic 

value of acoustic impedance. The predicted value of the designated rock or 

fluid property which achieves this match is the error minimized value of the 

designated rock or fluid property for the selected model subvolume. A new 

10 model subvolume is then selected and the error minimization stage is 

repeated until an error minimized value of the designated rock or fluid 

property has been determined for every model subvolume in the model 

volume. It is noted that the form of the petrophysical response model, the 

estimated values of the rock and fluid properties other than the designated 
m 
.1 15 rock or fluid property, and the seismic values of acoustic impedance are 

maintained fixed throughout the error minimization stage. 

w 

The fifth and final stage of the method is repopulation of the error 

k minimized values into the dimensional geologic model. In accordance with 

the error minimized values repopulation stage, the error minimized values of 

j 20 the designated rock or fluid property are substituted for every corresponding 

first predicted value of the designated rock or fluid property which was initially 

populated into the dimensional geologic model in the second stage. The final 

product of the present method is a dimensional geologic model which is 

populated in its entirety with error minimized data values of the designated 

. 25 rock or fluid property and which is correlated to the geologic volume of 

interest 

A preferred embodiment of the method of the present invention is 

� described below with reference to Figures 2-5. Referring initially to Figure 2, a 

physical geologic volume is shown and generally designated 10. The method 

30 of the present embodiment is applicable to the geologic volume 10 which 

comprises an earthen surface 12 and a plurality of subterranean strata 14, 161 

18 containing rock and fluid materials. As such, the geologic volume 10 

includes a fluid reservoir which is not specifically delineated in the Figures. 

7 
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The strata 14, 16, 18 extend beneath the earthen surface 12 in layers which 
are serially stacked with depth. The strata 14, 16, 18 are distinguished from 

one another by different rock and fluid properties. Accordingly, the respective 

strata 14, 16, 18 are separated by stratigraphic events which define reservoir 

5 sequence boundaries 15, 17. It is understood, however, that Figure 2 is 

merely a conceptualized representation of a subterranean geologic volume. 

Practice of the present method is not limited to any specific geologic volume, 

but is generally applicable to substantially any geologic volume from which 

seismic data can be experimentally generated. 

10 Figure 3A, 313, 3C is a detailed flow chart of the present embodiment 

which depicts the method in a stepwise manner. Preliminary to initiating the 

present method, seismic data is experimentally generated in the geologic 

volume 10 of interest by a seismic survey using conventional methods well 

known to the skilled artisan. Seismic data is generally defined for purposes of 

15 the present method as information generated by creating seismic waves 

within a geologic volume from artificial seismic energy sources and observing 

w 

the arrival times and amplitudes of waves which are refracted through high 

velocity intervals within the geologic volume or waves which are reflected from 

interfaces within the geologic volume in response to the seismic waves. Such 

20 interfaces are typically the result of changes in acoustic velocity or bulk 

density. A number of data processing techniques are commonly applied to 

the seismic data to reduce noise or otherwise render the data more 

meaningful. In particular, the present method utilizes the seismic data after 

the data has been converted to acoustic impedance using a conventional 

25 technique known as seismic inversion. A number of seismic inversion 

software packages are commercially available which process the seismic 

data, converting the data to a distribution of seismic values of acoustic 

impedance over time or depth within the geologic volume. An exemplary 

seismic inversion software package is available under the tradename 

30 "TDROV" from CGG Americas Inc., 15430 Park Ten Place, Houston, Texas 

77084, USA. 

In addition to seismic data, a limited amount of well data relating to rock 

or fluid properties in the geologic volume 10 may also be available to the 
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practitioner before the process is initiated. Such data is typically acquired 
from exploration or production wells (not shown) penetrating the geologic 
volume 10. As noted above, well data is extremely limited in areal scope, 
having reliability at best up to only about one radial foot away from the well 

5 bore. In any case, well data, if available, can be used in the practice of the 
present method as described hereafter. It is understood, however, that the 
availability of well data is not a prerequisite to practice of the present method. 
It is only required that a distribution of seismic values of acoustic impedance 
for the geologic volume 10 be preliminarily available or that seismic data be 

10 preliminarily available from which it is possible to generate the distribution. If 
seismic data is not preliminarily available for the geologic volume 10, seismic 
data can alternatively be generated for the geologic volume 10 by conducting 
a seismic survey as an incidental step of the present method. 

Referring to Figure 3A, 313, 3C, the present embodiment is initiated by 
15 step 30, wherein a distribution of seismic values of acoustic impedance over 

time is provided which has been obtained from the subterranean geologic 
volume 10 of Figure 2. The distribution defines a three-dimensional seismic 

20 

.25 

30 

acoustic impedance volume (Al volume), wherein the x and y axes of the Al 
volume are in units of length and the z axis is in units of time. A three-
dimensional (3-13) model of the geologic volume is constructed from the Al 
volume by steps 32, 34, 36, 38, 40. The 3-D geologic model has a model 
volume, wherein all three axes of the volume x, y, z are in units of length. 

Step 32 initiates construction of the 3-0 geologic model by interpreting 
the major acoustic impedance boundaries in the Al volume and confirming 
correlation of the acoustic impedance boundaries to the reservoir sequence 

boundaries. Changes in seismic acoustic impedance with time in the Al 
volume must correlate to changes in the rock or fluid properties with depth in 
the geologic volume. After it is confirmed that the correct acoustic impedance 
interface times occur - at the correct stratigraphic events, gridded time 

correlation surfaces are lofted throughout the Al volume using grids of lines 
and cross-lines. Step 34 derives time horizons from the gridded time 

correlation surfaces, which are checked for negative isochron values. The 

time horizons are combined to complete a time layered framework. 

.01 
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Step 36 converts each gridded time correlation surface to a depth 

correlation surface using a best estimate of the average velocity to each 

horizon within the Al volume. Minor adjustments may be made to the depth 

correlation surfaces at well locations, if any, since the depth correlation 

5 surfaces do not usually identically match the horizon picks from the well 

locations. Minor adjustments may also be made to the depth correlation 

surfaces away from the well locations, if any, relying on the fact that fluid 

contacts are often identifiable as highly correlated spatial changes in the value 

of acoustic impedance. The estimated average velocities may also be 

10 readjusted in response to adjustments in the depth correlation surfaces. Step 

38 derives depth horizons from the depth correlation surfaces, which are 

checked for negative isopach values. The depth horizons are combined to 

complete a depth layered framework. There is a one-to-one horizon 

w. 

correspondence between the depth layered framework and the time layered 

15 framework. 

Step 40 generates a 3-D geologic model by dividing the depth layered 

J framework into a plurality of three-dimensional model cells or blocks. 

Referring additionally to Figure 4, the 3-D geologic model of the geologic 
Ui volume is shown and generally designated 42 and a representative cell is 

20 designated 44. 3-0 geologic models of this type usually contain tens of 

millions of cells. The external boundary of the depth layered framework 

defines the model volume 46. The cells are ordered within the 3-0 geologic 

model 42 so that no overlap occurs between the cells. Referring additionally 

to Figure 5, the cell 44 is shown to have two dimensions expressed in units of 

25 length along axes x and 
y 

which typically delineate a rectangle or square in 

plan view. The cell 44 also has a third dimension expressed in units of length 

along the z axis which is representative of depth and delineates thickness. 

The specific dimensions of each cell are selected in response to the Al 

volume which is input into the 3-D geologic model and well data, if available. 

30 For example, th& cell dimensions can be selected as a function of line by 

cross-line spacing by well log sampling rate. Fine layering of the cells can be 

configured such that the cells are divided equally between two depth layered 

10 
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framework horizons (proportional), parallel to a top horizon (on-lap) or parallel 

to the bottom horizon (off-lap). 

Figures 4 and 5 are presented herein for purposes of illustration. The 

3-0 geologic model 42 and associated cells are but one possible configuration 

of the dimensional geologic model within the scope of the present invention. 

It is understood that the dimensional geologic model as taught herein is not 

constrained to any specific number of dimensions or units of expression. Nor 

are the cells constrained to any geometric configuration. It is, therefore, within 

the scope of the present invention to construct a dimensional geologic model 

of n-dimensions and having cells correspondingly dimensionally configured. 

Referring again to Figure 3A, 313, 3C, the 3-D geologic model is 

populated with initial data values by steps 48 and 50. The time layered 

framework an  depth layered framework cooperatively provide a 3-D velocity 

field which eriables mapping of depth to time and provides correspondence 

between the 3-0 geologic model and the Al volume. As a result, step 48 

translates the x, y and z values for each cell of the 3-D geologic model to line, 

cross-line and time in the Al volume. The value of the seismic acoustic 

impedance at a given line, cross-line and time in the Al volume is extracted 

from the Al volume and loaded into the corresponding cell of the 3-D geologic 

20 model. This procedure is repeated until every cell in the 3-D geologic model 

is populated with an appropriate seismic acoustic impedance value from the 

Al volume. The same acoustic impedance value is often loaded into many 

cells due to the band limited nature, i.e., relatively low vertical resolution, of 

the Al volume. 

25 Step 50 estimates values of the rock and fluid properties Including the 

first predicted value of the designated rock or fluid property and distributes the 

estimated values to every cell in the 3-D geologic model. The rock and fluid 

properties are selected based on their utility in the petrophysical response 

model which is described below with reference to step 52. The values of the 

30 rock and *fluid properties are estimated using known scientific and engineering 

principles and all available petrophysical data for the geologic volume. For 

example, well data may be available from well logs which provide certain 

localized well values of rock and fluid properties along the high resolution 

11 
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layers of the 3-D geologic model corresponding to well locations. Well data 

typically provides localized rock porosity values in addition to the identity of 

fluid types, such as gas, oil and water, and fluid saturation values. Other 

available data may include PVT calculations which provide estimates offluid 

5 compressibility. Core samples provide grain densities and mineral 

composition of the rock. Distribution of the initial estimated values of the rock 

and fluid properties in the 3-0 geologic model can be performed in 

accordance with any number of conventional techniques such as distance 

weighting, co-located co-kriging and the like. It may be necessary to retain 

10 the specific relationships between the initial estimated values of a given rock 

or fluid property provided by the distribution in subsequent adjustment steps 

of the present method. For example, the relative nature of strata porosity as a 

function of vertical location provided by the distribution must be retained in 

subsequent adjustment steps. 

15 Step 52 establishes the petrophysical response model which is based 

on known relationships between rock and fluid properties and acoustic 

impedance. The petrophysical response model is distinct from the 3-D 

geologic model, being a system of response equations, wherein the predicted 

designated rock or fluid property is a primary independent variable and the 

20 predicted acoustic impedance is a primary dependent variable. The 

petrophysical response model is used to forward calculate predicted values of 

acoustic impedance using the estimated values of the rock and fluid 

properties including the predicted values of the designated rock or fluid 

property. Thus, the petrophysical response model describes how acoustic 

25 impedance varies with one or more rock and fluid properties including the 

designated fluid or rock property within the geologic volume. 

The petrophysical response model is preferably derived from 

conventional predictive rock and fluid elastic moduli equations. An exemplary 

system of such equations is disclosed in Mavko, G., et al., editors: Rock 

30 Physics Formulas, Rock Physics Laboratory, Stanford University, 1993, 

incorporated herein by reference. Acoustic impedance (Al) is related to rock 

and fluid properties by the following system of equations: 

Al = Vp Pb 

12 
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where: v, = compressional velocity 

Pb = bulk density 

Compressional velocity is related to the rock and fluid properties by the. First 

5 Christoffle equation: 

Vp = + 413 G*)IpbJ 

F’ 

10 

where: = bulk modulus (inverse of system compressibility) 

= shear modulus 

The bulk modulus is calculated from the Gassmann expression: 

K* = KA + [(1 - (}cA/"M)2)/E(4/K ) + ((l-)/Kp) - (KA/(KM)2)]] 

� 
15 where: KA = frame modulus (inverse of dry rock compressibility) 

KM = mineral modulus (inverse of grain compressibility) 

0 = rock porosity 

KF = fluid modulus (inverse of fluid compressibility) 

20 Shear modulus G* is estimated as a linear function of rock porosity. 

Li 

Bulk density is calculated as: 

Pb = Pma * (1 - d.j) + (Sw * Pw + (1 - S) * PHC) 

�25 

where: Pma = matrix density 

Pw = connate water density 

- PHC = hydrocarbon density at the correct PVT conditions 

S, = reservoir water saturation 

30 

As noted above with reference to estimating values of the rock and 

fluid properties, application of the model requires exhaustive use of all 

available petrophysical data for the geologic volume of interest. Well logs, if 

13 
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available, are examined to estimate variations, dependencies and limits on 

every parameter required by the petrophysical response model. PVT 

calculations are performed to estimate fluid compressibility. Levert J functions 

are used to estimate fluid saturations. Core samples are used in the 

5 determination of grain densities and mineral composition of the rock. Thus, 

the values of the designated rock or fluid property ultimately predicted by the 

present method are desirably constrained by physically acceptable values of 

the remaining rock and fluid properties used in the petrophysical response 

model. 

10 Step 54 initiates a cell aggregate selection loop, wherein a grouping of 

contiguous cells is selected from the 3-0 geologic model over which the 

seismic acoustic impedance is constant. The selected cell grouping described 

herein is a vertically stacked aggregate of contiguous cells, but it is 

UI understood that the present method likewise applies to selection of a 

15 horizontal aggregate of contiguous cells. Upon selection of the cell grouping, 

an error minimization loop is initiated within the cell aggregate selection loop M. 

which comprises steps 56, 58, 60, 62 and 64. Step 56 calculates the first 

predicted value of acoustic impedance for each cell of the grouping using the 
Ii1 petrophysical response model and the estimated values of the rock and fluid 

20 properties including the first predicted value of the designated rock or fluid 

property. Step 58 weight averages the calculated first predicted values of 

acoustic impedance for each cell of the grouping over the entire cell grouping. 

Step 60 calculates the difference between the average first predicted value of 

acoustic impedance and the seismic value of acoustic impedance of the cell 

25 grouping by subtracting the average first predicted value from the seismic 

value. 

The absolute value of the difference between the average predicted 

value and seismic value of acoustic impedance is the objective function 

desirably minimized by the algorithm of the error minimization loop. If the 

30 absolute value of the difference exceeds a maximum tolerance, for example, 

1%, step 62 adjusts the first predicted value of the rock or fluid property within 

acceptable limits to a second predicted value. As indicated by step 64, the 

first predicted value of the designated rock or fluid property is adjusted such 

14 
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that the second predicted value reduces the objective function of the 
difference between the first average predicted value and the seismic value of 

acoustic impedance of the cell grouping when the second predicted value is 

substituted for the first predicted value of the designated rock or fluid property 

5 in the petrophysical response model. The direction in which the first predicted 

value of the rock or fluid property is adjusted is determined by the sign of the 

difference between the average predicted value and the seismic value of 

acoustic impedance. 

Step 64 returns the error minimization loop to step 56, wherein a 

10 second predicted value of acoustic impedance is calculated using the 

petrophysical response model and the estimated values of the rock and fluid 

properties including the second predicted value of the designated rock or fluid 

property which replaces the first predicted value. Steps 58, 60, 62 and 64 are 

repeated as often as necessary until the absolute value of the difference 

15 between the predicted value of acoustic impedance and the seismic value of 

20 

�25 

30 

acoustic impedance for the selected cell grouping is less than or equal to the 

maximum tolerance. The predicted value of the designated rock or fluid 

property for each cell of the grouping which achieves this result is the error 

minimized value of the designated rock or fluid property for that cell. It is 

apparent that only the predicted values of acoustic impedance and the 

predicted values of the designated rock and fluid property are varied during 

the error minimization loop, while the remaining estimated values of the rock 

and fluid properties, the seismic values of acoustic impedance, and the form 

of the response equations of the petrophysical response model are 

maintained fixed. 

Step 66 updates the 3-0 geologic model by repopulating the selected 

cells of the 3-0 geologic model with the error minimized values of the 

designated rock or fluid property. In particular, the newly-determined error 

minimized values of the designated rock or fluid property are substituted for 

each corresponding first predicted value of the designated rock or fluid 

property populated into the 3-D geologic model in step 50. Step 68 returns 

the cell aggregate selection loop to step 54, wherein another grouping of 

contiguous cells is selected from the 3-D geologic model over which the 

15 
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seismic acoustic impedance is constant. The error minimization loop is 

performed for the newly-selected grouping of contiguous cells to determine 

the error minimized values of the designated rock or fluid property for these 

cells. These error minimized values are then updated into the 3-D geologic 

5 model. The cell aggregate selection loop is repeated as often as necessary in 

the above-recited manner until an error minimized value of the designated 

rock or fluid property is determined for every cell in the 3-1) geologic model. 

An additional feature of the present method is selection of the 

designated rock or fluid property. Selection of an appropriate designated rock 

10 or fluid property enables the practitioner to accurately characterize the fluid 

reservoir within the geologic volume when the 3-D geologic model is 

populated with the error minimized values of the property. The practitioner 

typically selects the designated rock or fluid property in association with or 

preliminary to the above-recited steps of Figure 4. The selection criteria are 

15 within the purview of the skilled artisan and are a function of the specific 

needs of the practitioner. Typically the selection criteria are a function of the 

desired application of the resulting 3-0 geologic model and error minimized 

data values. For example, one skilled in the art generally recognizes porosity, 

fluid type, or saturation as a meaningful rock or fluid property in hydrocarbon 

20 exploration applications. Similarly, one skilled in the art generally recognizes 

porosity, fluid type, or permeability as a meaningful rock or fluid property in 

reservoir management applications. Therefore, although the present method 

is not limited to any specific designated rock or fluid property, the above-

recited rock and fluid properties, i.e., porosity, fluid type, saturation, and 

25 permeability, are exemplary of designated rock or fluid properties having utility 

in the present method. 

The ability of the present method to accurately predict values of a 

designated rock or fluid property is demonstrated by Figure 6. Porosity is 

selected as the designated rock or fluid property for this application. Error 

30 minimized values of porosity are determihed along the length of a well bore in 

accordance with the present method. Estimated values of rock and fluid 

properties, i.e., saturation and permeability, and predicted values of acoustic 

impedance are also determined along the length of the well bore in 

11 
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accordance with the present method. These values are plotted on separate 

vertical axes with a dotted line. Actual measured experimental values of 

porosity, saturation permeability, and acoustic impedance are plotted on the 

same respective axes with a solid line for comparison. It is evident that the 

5 present method accurately predicts the values of porosity in the geologic 

volume, achieving a close fit between the error minimized values and 

measured experimental values of porosity even when the estimated values of 

the remaining rock and fluid properties of the petrophysical response model 

are less accurate. 

10 While the foregoing preferred embodiments of the invention have been 

described and shown, it is understood that alternatives and modifications, 

such as those suggested and others, may be made thereto and fall within the 

scope of the present invention. 

UI 
w 

rt

 

17 



� . .. - 
� SWt 

� � � 

990017 

We claim: 

1 1. A method for determining a value of a designated rock or fluid 
2 property in a subterranean geologic volume, the method comprising: 
3 assigning an experimentally determined seismic value of acoustic 
4 impedance to a model volume correlated to a subterranean geologic volume; 
5 designating a rock or fluid property relevant to said geologic volume; 
6 assigning a first predicted value of said designated rock or fluid 
7 property to said model volume; 

8 calculating a first predicted value of acoustic impedance for said model 
9 volume from a response model using said first predicted value of said 

10 designated rock or fluid property, wherein said response model is responsive 
11 to changes in predicted values of said designated rock or fluid property; 
12 comparing said first predicted value of acoustic impedance to said 
13 seismic value of acoustic impedance to determine a difference between said 
14 predicted and seismic values of acoustic impedance; and 

15 adjusting said first predicted value of said designated rock or fluid 
j 16 property in response to said difference to create a second predicted value of 

17 said designated rock or fluid property, wherein said second predicted value 
L1 18 reduces said difference. 
ED 

1 2. A method for iteratively determining an error-minimized value of 
2 a designated rock or fluid property at a location in a subterranean geologic 
3 volume, said method comprising: 
4 providing a subterranean geologic volume having an experimentally 
5 determined distribution of seismic values of acoustic impedance; 
6 characterizing said geologic volume by a model volume having a 
7 plurality of model subvolumes; 
8 selecting a model subvolume from said plurality of model subvolumes; 

09 assigning a seismic value of acoustic impedance from said distribution 
10 to said model subvolume; 

11 designating a rock or fluid property relevant to said geologic volume; 
12 assigning a first predicted value of said designated rock or fluid 
13 property to said model subvolume; 

18 
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calculating a first predicted value of acoustic impedance for said model 

subvolume from a response model using said first predicted value of said 

designated rock or fluid property, wherein said response model is responsive 

to changes in predicted values of said designated rock or fluid property; 

comparing said first predicted value of acoustic impedance to said 

seismic value of acoustic impedance to determine a first difference between 

said predicted and seismic values of acoustic impedance; and 

adjusting said first predicted value of said designated rock or fluid 

property in response to said first difference to create a second predicted value 

of said designated rock or fluid property, wherein said second predicted value 

reduces said first difference. 

3. The method of claim 2 further comprising calculating a second 

predicted value of acoustic impedance for said model subvolume from said 

response model using said second predicted value of said designated rock or 

fluid property. 

4. The method of claim 3 further comprising comparing said 

second predicted value of acoustic impedance to said seismic value of 

acoustic impedance to determine a second difference between said predicted 

and seismic values of acoustic impedance, wherein said second difference is 

less than said first difference. 

5. The method of claim 2 further comprising iteratively repeating 

said steps of adjusting said predicted value of said designated rock or fluid 

property, calculating said predicted value of said acoustic impedance using 

said adjusted predicted value of said designated rock or fluid property, and 

comparing said calculated predicted value of acoustic impedance to said 

seismic value of acoustic impedance to determine said difference between 

said calculated predicted and seismic values of acoustic impedance. 

6. The method of claim 5 wherein said iterative repetition is 

terminated when said difference does not exceed a predetermined maximum 

tolerance. 

7. The method of claim 6 wherein said predicted value of said 

designated rock or fluid property upon termination of said iterative repetition is 

an error minimized value of said designated rock or fluid property. 

19 
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1 8. The method of claim 2 wherein said response model has a 

2 plurality of rock and fluid properties as model parameters including said 

3 designated rock or fluid property. 

1 9. The method of claim 8 wherein said plurality of rock and. fluid 

2 properties include elastic rock and fluid moduli. 

1 10. The method of claim 9 further comprising assigning estimated 

2 values of said plurality of rock and fluid properties to said model subvolume in 

3 addition to said first predicted value of said designated rock or fluid property. 

1 11. The method of claim 10 further comprising maintaining said 

2 estimated values of said plurality of rock and fluid properties other than said 

3 designated rock or fluid property fixed while adjusting said first predicted value 

4 of said designated rock or fluid property. 

1 12. The method of claim 2 further comprising correlating said model 

2 subvolume to a location in said geologic volume. 

1 13. The method of claim 2 wherein said selected model subvolume 

2 is a first model subvolume included within a grouping of contiguous model 

3 subvolumes having a common seismic value of acoustic impedance. 

1 14. The method of claim 13 wherein said predicted values of 

2 acoustic impedance for all said model subvolumes in said grouping are 

3 averaged to create an average predicted value of acoustic impedance for said 

4 grouping and said difference is determined between said average predicted 

5 value of acoustic impedance and said common seismic value of acoustic 

6 impedance for said grouping. 

1 15. The method of claim 2 wherein said designated rock or fluid 

2 property is selected from the group consisting of porosity, fluid type, saturation 

3 and permeability. 

1 16. The method of claim 2 further comprising: 

2 selecting a second model subvolume from said plurality of model 

3 subvolumes; 

4 assigning a seismic value of acoustió impedance from said distribution 

5 to said second model subvolume; 

6 assigning a first predicted value of said designated rock or fluid 

7 property to said second model subvolume; 

20 



990017 

8 calculating a first predicted value of acoustic impedance for said 

9 second model subvolume from said response model using said first predicted 

10 value of said designated rock or fluid property for said second model 

11 subvolume; 

12 comparing said first predicted value of acoustic impedance to said 

13 seismic value of acoustic impedance for said second model subvolume to 

14 determine a first difference between said predicted and seismic values of 

15 acoustic impedance for said second subvolume; and 

16 adjusting said first predicted value of said designated rock or fluid 

17 property for said second model subvolume in response to said first difference 

18 to create a second predicted value of said designated rock or fluid property for 

19 said second model subvolume, wherein said second predicted value reduces 

20 said first difference. 

1 17. The method of claim 16 wherein said second model subvolume 

2 is included within a second grouping of contiguous model subvolumes having 

C 3 a common seismic value of acoustic impedance. 

1 18. The method of claim 17 wherein said predicted values of 

2 acoustic impedance for all said model subvolumes in said second grouping 

iJ# 3 are averaged to create an average predicted value of acoustic impedance for 

4 said second grouping and said difference is determined between said average 

! 

5 predicted value of acoustic impedance and said common seismic value of 

6 acoustic impedance for said second grouping. 

1 19. A method for determining a value of a rock or fluid property in a 

2 subterranean geologic model subvolume comprising: 

3 providing a subterranean geologic volume having an experimentally 

4 determined distribution of seismic values of acoustic impedance; 

5 characterizing said geologic volume by a model volume having a 

6 plurality of model subvolumes; 

7 assigning a seismic value of acoustic impedance from said distribution 

8 to each of said model subvolumes; 

9 designating a rock or fluid property relevant to said geologic volume; 

10 assigning a first predicted value of said designated rock or fluid 

11 property to each of said model subvolumes; 
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12 selecting a first grouping of contiguous model subvolumes from said 

13 plurality of model subvolumes, wherein each model subvolume of said first 

14 grouping has a common seismic value of acoustic impedance; 

15 calculating a first predicted value of acoustic impedance for each model 

16 subvolume of said first grouping from a response model using said first 

17 predicted value of said designated rock or fluid property for said respective 

18 model subvolume, wherein said response model is responsive to changes in 

19 predicted values of said designated rock or fluid property; 

20 averaging said first predicted values of acoustic impedance for all said 

21 model subvolumes of said first grouping to create an averaged first predicted 

22 value of acoustic impedance for said first grouping; 

23 comparing said averaged first predicted value of acoustic impedance to 

24 said common seismic value of acoustic impedance to determine a first 

, 25 difference between said averaged first predicted value and said common 

. ’ 

26 seismic value; 
: 27 adjusting said first predicted value of said designated rock or fluid 

28 property for each model subvolume of said first grouping in response to said 

29 first difference to create a second predicted value of said designated rock or 

iii. 30 fluid property for each model subvolume of said first grouping, wherein said 

31 second predicted value reduces said first difference; 

32 calculating an averaged second predicted value of acoustic impedance 

33 for said first grouping from said petrophysical response model, wherein said 

34 second predicted value of said rock or fluid property is substituted for said first 

35 predicted value of said rock or fluid property in said petrophysical response 

36 model; and 

37 determining said difference between said averaged second predicted 

38 value and said common seismic value of acoustic impedance and iteratively 

S39 repeating said steps of adjusting said predicted value of said designated rock 

40 

- 

or fluid property and recalculating said averaged predicted value of acoustic 

41 impedance for said first grouping until said difference does not exceed a 

42 predetermined maximum tolerance. 

22 
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1 20. The method of claim 19 further comprising: 

2 selecting a second grouping of contiguous model subvolumes from 

3 said plurality of model subvolumes, wherein each model subvolume of said 

4 second grouping has a common seismic value of acoustic impedance; 

5 calculating a first predicted value of acoustic impedance for each model 

6 subvolume of said second grouping from said response model using said first 

7 predicted value of said designated rock or fluid property for said respective 

8 model subvolume; 

9 averaging said first predicted values of acoustic impedance for all said 

10 model subvolumes of said second grouping to create an averaged first 

11 predicted value of acoustic impedance for said second grouping; 

12 comparing said averaged first predicted value of acoustic impedance to 

13 said common seismic value of acoustic impedance for said second grouping 

14 to determine a first difference between said averaged first predicted value and 

15 said common seismic value; 

16 adjusting said first predicted value of said designated rock or fluid 

17 property for each model subvolume of said second grouping in response to 

18 said first difference to create a second predicted value of said designated rock 

19 or fluid property for each model subvolume of said second grouping, wherein 

20 said second predicted value reduces said first difference; 

21 

22 

23 

�24 
25 

calculating an averaged second predicted value of acoustic impedance 

for said second grouping from said petrophysical response model, wherein 

said second predicted value of said rock or fluid property is substituted for 

said first predicted value of said rock or fluid property in said petrophysical 

response model; and 

’ 26 determining said difference between said averaged second predicted 

27 value and said common seismic value of acoustic impedance for said second 

28 grouping and iteratively repeating said steps of adjusting said predicted value 

29 of said designated rock or fluid property and recalculating said averaged 

30 predicted value of acoustic impedance for said second grouping until said 

31 difference does not exceed a predetermined maximum tolerance. 

23 
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1 21. The method of claim 19 further comprising repeating said steps 

2 of selecting a grouping of contiguous model subvolumes, averaging said 

3 predicted values of acoustic impedance, determining a difference between 

4 said averaged predicted value and said common value of seismic impedance, 

5 adjusting said first predicted value of said designated rock or fluid property for 

6 each model subvolume of said grouping to reduce said difference, 

7 recalculating said averaged predicted value of acoustic impedance from said 

8 petrophysical response model, redetermining said difference and iteratively 

9 repeating said steps until said difference does not exceed said maximum 

10 tolerance for substantially every grouping of models subvolume in said model 

11 volume having a common seismic value of acoustic impedance. 

1 22. The method of claim I further comprising using said second 

2 predicted value or a succeeding adjusted predicted value of said designated 

3 rock or fluid property to explore for a hydrocarbon-bearing reservoir in said 

4 geologic volume. 

1 23. The method of claim I further comprising using said second 

j 2 predicted value or a succeeding adjusted predicted value of said designated 

3 rock or fluid property to exploit production of hydrocarbons from a 

t1 4 hydrocarbon-bearing reservoir in said geologic volume. 

1 24. The method of claim 2 further comprising using said second 

2 predicted value or a succeeding adjusted predicted value of said designated 

3 rock or fluid property to explore for a hydrocarbon-bearing reservoir in said 

4 geologic volume. 

1 25. The method of claim 2 further comprising using said second 

2 predicted value or a succeeding adjusted predicted value of said designated 

3 rock or fluid property to exploit production of hydrocarbons from a 

4 hydrocarbon-bearing reservoir in said geologic volume. 

1 26. The method of claim 19 further comprising using an adjusted 

2 predicted value of said designated rock or fluid property to explore for a 

3 hydrocarbon-boating reservoir in said geologic volume. 

24 
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1 27. The method of claim 19 further comprising using an adjusted 

2 predicted value of said designated rock or fluid property to exploit production 

3 of hydrocarbons from a hydrocarbon-bearing reservoir in said geologic 

4 volume. 

25 
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ABSTRACT 

A method is provided for predicting a value of a designated rock or fluid 

property in a subterranean geologic volume. An experimentally determined 

seismic value of acoustic impedance is assigned to a model volume 

5 correlated to the subterranean geologic volume. A first predicted value of the 

designated rock or fluid property is also assigned to the model volume. A first 

predicted value of acoustic impedance for the model volume is calculated 

from a response model using the first predicted value of the designated rock 

or fluid property, wherein the response model is responsive to changes in 

10 predicted values of the designated rock or fluid property. The first predicted 

value of acoustic impedance is compared to the seismic value of acoustic 

impedance to determine a difference between the predicted and seismic 

values of acoustic impedance. The first predicted value of the designated 

rock or fluid property is adjusted In response to the difference to create a 

! 15 second predicted value of the designated rock or fluid property, wherein the 

second predicted value reduces the difference. 
U 

Ui 
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Attorney Docket No: 990017 USA 

Combined Declaration and Power of Attorney 
For Patent Application 

As a below named inventor, I hereby declare that 

My residence, post office address and citizenship are as stated below next to my 
name, 

I believe I am the original, first and sole inventor (if only one name is listed below) 
or an original, first and joint inventor (if plural names are listed below) of the subject matter 
which is claimed and for which a patent is sought on the invention entitled: 

METHOD FOR PREDICTING QUANTITATIVE VALUES OF A ROCK OR FLUID 

1P PROPERTY IN A RESERVOIR USING SEISMIC DATA 

the specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above 
identified specification, including the claims, as amended by any amendment referred to 

IT above. 
I acknowledge the duty to disclose information which is material to the examination 

of this application in accordance with Title 37, Code of Federal Regulations, §1.56(a). 
IF-5 

As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to 
W prosecute this application and transact all business in the Patent and Trademark Office 

connected therewith. 

02 Jack E. Ebel, Reg. No. 28,148; and Rodney F. Brown, Reg. 30,450. 
Address all correspondence to Patent Department, Marathon Oil Company, P.O. Box 269, 
Littleton, Colorado 80160 at telephone number (303) 347-5622. 

I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both under Section 1001 of Title 18 

. of the United States Code and that such willful false statements may jeopardize the validity 
of the application or any patent issued thereon. 
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I hereby certify that the attached assignment is a true copy of the original assignment 
for U. S. Serial No. 09/584,063. 

7 Jack E. Ebel 

STATE OF COLORADO ) 
) ss. 

COUNTY OF JEFFERSON) 

Subscribed and sworn to before me this 9 day of (722,? , 2001 by the 
above-named Jack E. Ebel to me personally known. C 

"fluIHuII,, 

ccvAPe4rz 

o7otary Public 

iO 
My commission expires: 
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VVI 

y Commission Expires 02/13/05 
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Assignment 

Whereas, we: 

(Joint Form) 

(#1) Jeffry G. Harriman of Highlands Ranch , County of Arapahoe , State of Colorado 

(#2) Donald H. Caldwell of Littleton , County of Arapahoe , State of Colorado 

(#3) Stephen D. Wilson of Highlands Ranch , County of Arapahoe State of Colorado 

respectively, have invented certain improvements in 

METHOD FOR PREDICTING QUANTITATIVE VALUES OF A ROCK OR FLUID 
PROPERTY IN A RESERVOIR USING SEISMIC DATA 

0 (Marathon Oil Company Disclosure No(s). 990017 USA_) and executed a United States patent application 

therefor on (#1) 21 20Q (#2) 3/ 20; and 

(#3) iYl 3/ .20 00; 

SWhereas, MARATHON OIL COMPANY, a corporation of Ohio, having a place of business at 539 South Main 
Street, Findlay, Ohio, desires to acquire the entire right, title, and interest in the said application and invention, and 
to any United States and foreign patents to be obtained therefor; 

Now therefore, for Ten United States Dollars ($10) and other valuable considerations, receipt whereof is hereby 
acknowledged, we, (#1) Jeffry G. Harriman , (#2)Donald H. Caldwell 
and (#3)Stephen D. Wilson 
hereby sell, assign, and transfer to the aforesaid MARATHON OIL COMPANY, its successors and assigns, the entire 
right, title, and interest in the inventions contained in said application in the United States and foreign countries, and 
we request the Commissioner of Patents to issue any Letters Patent granted upon the inventions set forth in said 
applications to the said corporation, its successors and assigns; and we hereby agree that said corporation may apply 
for foreign Letters Patent on said invention and we will execute all papers necessary in connection with the United 
States and foreign applications when called upon to do so by the said corporation. 

Signed and Sealed at (#1) , , on 3/, 2000; 

(#2) dg1jezaaZon_  _3/ 2OS 

#3) , on _2fli _2/_, 20; 

(#1) (#2) 

� _______________ e4 
F rsj4if Middle Initial Last Name First Name Middle Initial Last Name 
deffry G. Harriman Donald H. Caldwell 

First Name Middle Initial Last Name 
Stephen D. Wilson 
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I,,, f State of LOui)(.LW ) 

County of_gra _______ 

On this j4. day ofjt’{z._j , 20’0. before me personally came (#1) Jeffry G. Hamman 
to me personally known, and known tome to be the person described in and who executed the foregoing assignment, 
and he acknowledged to me that he executed the same as his free act and deed. 

(SEAL) 

My commission expires TW14 Zo/ 

2 
Notary Public 

, .I 
State of-0010v-   LU. C ) 

,1 ) 
County of_______ 

On this aLi– day of  , 2000. before me personally came (#2) DonaldH.Caldwell 

to me personally known, and known to me to be the person described in and who executed the foregoing assignment, 
and he acknowledged to me that he executed the same as his free act and deed. 

(SEAL) Notary Public 

My commission expires i Lt’1 I Z,?-OO / 

State of (do icCi n 

. County of
 

On this a_Lt day of /4/tw , 2Q CV. before me personally came (#3) Stephen D. Wilson 
to me personally known, and known to t.ie to be the person described in and who executed the foregoing assignment, 
and he acknowledged to me that he executed the same as his free act and deed. 

(SEAL) Notary Public 

My commission expires Ii,’.po/ 
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Cesión 

Considerando que, nosotros: 

(#1) Jeffry G. Hamman de Highlands Ranch, Condado de Arapahoe; Estado de Colorado; 
(#2) Donald H. Caldwell de Littleton, Condado de Arapahoe; Estado de Colorado; 
(#3) Stephen D. Wilson de Highlands Ranch, Condado de Arapahoe; Estado de Colorado; 

respectivamente, hemos inventado ciertas mejoras para el 

METHOD FOR PREDICTING QUANTITATIVE VALUES OF A ROCK OR FLUID 
PROPERTY IN A RESERVOIR USING SEISMIC DATA 

(Declaracion de Marathon Oil Company NOs. 990017 USA) y ejecutó en Estados Unidos una 
patente para su aplicación, por consiguiente, el (#1) 31 mayo 2000; (#2) 31 mayo 2000; y (#3) 

0 31 mayo 2000; 

Considerando que, MARATHON OIL COMPANY, una corporación de Ohio, que tiene 
su casa matriz en 539 South Main Street, Findlay, Ohio, desea adquirir el derecho total, el 

10 titulo y los intereses, y la invención de la patente de aplicación  mencionada, y cualquier 
otras patentes de Estados Unidos o extranjeras que se obtengan por consiguiente; 

Ahora, por lo tanto, por Diez Dólares Americanos ($10) y otras contraprestaciones 
vÆlidas, recibo que se reconoce aquI, nosotros, nosotros (#1) Jeffry G. Hamman, (#2) Donald 
H. Caldwell, y (#3) Stephen D. Wilson, y vendemos aquI, cedemos y transferimos a dicha 
corporación, MARATHON OIL COMPANY, sus sucesores y representantes, todo el derecho, 
el titulo y el interØs de los inventors contenidos en dicha aplicación, en los Estados Unidos y 
paises extranjeros, y solicitamos que el Comisario de Patentes otorgue cartas de 
autorización de la patente de los inventos delineados en dichas aplicaciones de tal 
corporación, sus sucesores y representantes; y por medio del presente documento acordamos 
que dicha corporación puede solicitar cartas de patentes extranjeras de tal invento y 
nosotros ejecutaremos todos los documentos necesarios vinculados con la oficina de 
solicitudes de Estado Unidos y paises extranjeros cuando dicha corporación nos pida realizar 

to 

tal tarea. 

(#1) Jeffry G. Hamman el 31 de mayo, 2000; 

� 
(#2) Donald H. Caldwell el 31 de mayo, 2000; 
(#3) Stephen D. Wilson el 31 de mayo, 2000; 

(#1) 
Primer nombre 
Jeffry 

Inicial del segundo nombre 
G. 

Apellido 
Hamman 

(#2) 
Primer nombre Inicial del segundo nombre Apellido 
Donald H. Caldwell 
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(#3) 
Primer nombre 
Stephen 

Inicial del segundo nombre 
D. 

Estado de COLORADO) 
) ss 

Condadode ARAPAHOE ) 

Apellido 
Wilson 

En este dIa, 31 de mayo 2000, ante ml, vino personalmente el (#1) Jeffry G. Hamman 
a quIen conozco personalmente, y es la persona que se menciona aquI, y quIen ejecutó la 

cesión precedente, y qulen reconoce ante ml que ejecutó el mismo por su propria acción y 
voluntad. 

Cynthia M. Sullivan 
Notario Pi’tblico 

(SELLO) 
Mi comisión expira: el 12 de julio, 2001 

S 
Estado de COLORADO) 

) 58 

Condado de ARAPAHOE ) 

En este dla, 31 de mayo 2000, ante ml, vino personalmente el (#2) Donald H. 
Caldwell a qulen conozco personalmente, y es la persona que se menciona aqul,  y qulen 
ejecutó la cesión precedente, y qulen reconoce ante ml que ejecutó el mismo por su propria 
acción y voluntad. 

Cynthia M. Sullivan 
Notario PAblico 

(SELLO) 
Mi comisión expira: el 12 de julio, 2001 

Estado de COLORADO) 
) ss 

Condadode ARAPAHOE ) 

SEn este dla, 31 de mayo 2000, ante ml, vino personalmente el (#3) Stephen D. Wilson 
a qulen conozco personalmente, y es la persona que se menciona aqul, y qulen ejecutó la 
cesión precedente, y quIen reconoce ante ml que ejecutó el mismo por su propria acción y 
voluntad. 

(SELLO) 
Mi comisión expira: el 12 de julio, 2001 

Cynthia M. Sullivan 
Notario P(tb1ico 
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’Iidustria y Comercio 
S U P E R I N T E N D E N C I A 

2do. EXAMEN DE FORMA PATENTE DE INVENCION 

Radicación no ca- 4-15q 

Concepto TŁcnico no 158 Clasificacibn Intemacional de Patentes E b 

Praccado el examen de acuerdo a 10 establecido en el Art 38 de Ia Decision 486 se determinO que 
esta solicitud de Patente do lnvenciôn: 

NO (] 

NO[  

NO[  

NO[ 

Ni NO[ 

SI[ I NO[ ] 

StE ] NO[ ] 

0 

Convene un resumen de la invenciôn (Art.26-e). 

Convene el tltulo o nombre de la invenciOn (Ait27-d). 

Conhiene Ia descripciôn de la invenciôh (Ait26-b). 

NO ES APLICABLE [ ] Conhiene los dibujos necesarios para comprender la invenciôn 
(Art.26-d) 

Contiene una o mÆs relvindicaciones. (Ait26-c). 

NO ES APLI CABLE\] Han sido desarrollados los productos y/o procedimientos a partir 
de recursos genØticos o de sus productos detivados de los que cuaiquiera de los Palses 
Miembros es pals de origen. (Art. 26- h). 

NO ES APLICABLE N ]Los productos y/o procedimientos han sido obtenidos o 
desairollados a partir de los coæocimlentos tradicionales de las comunidades indigenas, 
afroamericanas, o locales de los palses miernbros, de acuerdo a lo establecido en la 
DecisiOn 391 y sus modiflcaciones y reglamentaciones vlgentes.(Ait26-i). 

SI-f-f NO-I--J� La invenciOn se retiere a un producto relativo a un material biolOgico. (Ait26-J). 

SI [J NO[ ] La prioridad coincide con la materia reivindicada. 

Si N NO I  CUMPLE LOS REQUISITOS TECNICOS 

OBSERVACIONES Y OTROS: Sl’\] NO [ ] ver hoja(s) anexa(s) 
tccpiii co crWi3 }oiO 

Z £sceQr LX8- OEcLLP UOO e 1:0 j ce 
31 PIOEVI"" LX)D CAP 1Ut0 CLPT\)c Q1tO 8A 
-31 coloua P&U D 

PecSeui AocCcjjj,. i Se 1eE J oiJT 
EXAMINADOR TECNICO uisa.. 

Carrera 13 No. 27-00 Pisos 5, 7y 10 
Conmutador: 382 0840 

Fax: 382’2695 

E.rnt:Wo@sic.gov.co 
wwwsicgov.co 

Bogota, D.C., Colombia 



2020 
Bogota DC 

Doctor 
EMILIO FERRERO 
Apoderado 

REFERENCIA: Radicación No. 01-42596 
TrÆmite 002 
Evento 001 
Actuación 416 
Oficio No. 1120 
Folios 001 

Industria y Comercio 

Folio 
1# 

Teniendo en cuenta que Ia solicitud de privilegio de patente que se tramita bajo el 
expediente indicado en la referencia, reüne los requisitos de forma establecidos en los 
articulos 26 y 27 de la Decision 486 de la Comisión de la Comunidad Andina, y en las 
demÆs disposiciones vigentes sobre la materia, se envia el extracto de Ia solicitud a la 

toOficina de Comunicaciones pars efecto de su publicación en la  Gaceta de Propiedad 
Industrial, conforme 10 establece el artIculo 40 de Ia misma Decision. 

. Siendo manifestación expresa del interesado, Ia solicitud no serÆ publicada antes de los 
18 meses contados a partir de la fecha de presentación de la solicitud, esto es a partir del 
dia 29 de noviembre de 2002. 

Cümplase 
Dado en Bogota DC, a los 

ALIX CARMEA CESPEDES DE VERGEL 
Jefe de Ia Div(siOn de Nuevas Creaciones 

22� Bogota d1, DC, 0 0Oó El extracto desta,79Iicqq j,ie publicado en el nümero de 
la Gaceta de Prqpiedac ’r’dusthal de fecha 40 1’ tJü . El tØrmino habit seæalado por la 
ley expiró et -02 -Q y SI - NOse presentaron oposiciones por parte de terceros. 

r Carrera 13 No. 27-00 Pisos 5, 7 y 10 

202042 \_______� Conmutador: 382 0840 

Fax: 382 2695 
E-mail: info@sic.gov.co 
Bogota, D.C., Colombia 



WEB SITE: www.cavelier.com 
E-MAIL: cavelier@cavelier.com 

CAVELIER 
ABOGADOS 

EDIFICIO SISKI 
CARRERA 4 No. 72-35 
BOGOTA 8, COLOMBIA 

TELEFONO: (57) (1) 347-3611 
TELEF)(: (57) (1)217-9211 (57)(1)310-4995 

Seæora Jefe de la 
Radia.jj.3.,: 614)J £lflERCjO 

DIVISION DE NTJEVAS CREACIONES Feeha (MD); 

Superintendencia de Industria y Comerci 
 

1) 
i9:J 2 

J kE6ITRo, 538 PETij E. S. D. 
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TR.NITE : 002 EVENTO : 001 ACTUACIóN : 538 

Referenda : Expediente No. 01-042.596 

Asunto Solicitud de patente para: METODO PARA 

PREDECIR VALORES CUANTITATIVOS DE UNA 

PROPIEDAD DE UNA ROCA 0 DE FLUIDO EN UN 

YACIMIENTO QUE USA DATOS SISMICOS 

Solicitante : MARATHON OIL COMPANY 

Fecha de solicitud 

Publicada en 

29 de mayo de 2001 

la Gaceta No. 522 del 28 de noviembre de 2002 

1. Yo, Emilio FERRERO, identificado como aparece al pie de ml 

firma, actuando como apoderado en el asunto de la referencia, 

atentamente, solicito se efectüe el examen de patentabilidad de la 

solicitud en referencia segün lo establecido en el artIculo 44 de la 

Decisiôn 486 de la Comisión de la Comunidad Andina. Para tal efecto 

presento junto con este escrito el recibo No. 03-34,568 por valor de 

, $335.000.00, que corresponde a la tasa fijada segün lo dispueSto en la 

resolución No.  41687 del 24 de diciembre de 2002. 

2. Ruego atentatnente a la Seæora Jefe se sirva ordenar que se 

anexe este recibo, para que se efectüe dicho examen y se continue con 

el trÆmite de la solicitud. 

Bogota, 2?MAY 2003 
Seæora Jefe, 

EMILIO FERRERO 
T.P.A. No. 31.929 
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