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CFV<(K>K! cD<! >=CKi>EC! <E!I>K! KiKJ<BCK! F<! Wi>FD==AYE# 3<{>! E>! ]J>F>K! [>K! =>BWD<KJ>K!
CbD]ICF>KIWi<K<EJ<K!<E!<ll=(DF>!f<C==A>ECH 1 E!X!|CV>{<=<§i E!<E!IC!]>IBC=AYE!F<l!9. _ ¢!KAE>!
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F<!IDE! =DF>! W<KCF>! =>I>B?/CE>(! =CEFAFCJ>! C! AEX<==AYE! F<! VCW>{g! F<! Wi>FD=Al! . _ +! 1KP!
BIKB>g! K<! CECItbCli! <l <]<=J>! F<! VCAC?I<K! J<iB>FAE i BA=CK! JCli<K! =>B>!|C! Wi<KAYE! X! IC!
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BCX>(UE=AF<E=ACIK>?0<!IC!VCEC2I<!>?T<JAV>+!
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INTRODUCCION

OC! =[AKAK! W<)p>I<@C! cD<! AEA=AY! <E! <! K<UDEF>! K<B<KlJi<! F<! :;,-! >(UAEY! DEC!
i<FD==AYE! KAUEAJ:=CIVC! F<!'IC! AEV<(KAYE! <E! <hWI>(C=AYE! X! F<KC{{>lli>! F<! ED<V>K!
W>b>Kg! cD<! WCIC! <l =CK>! EC=A>ECII! f<Wi<K<EJY! DE! F<=liV<! <E! IC! Wi>FD==AYE! F<!
=CBW>K! BCFD{>K! F<l! ,Np! F<! C=D<fF>! C! ICK! <KJCFPK}=CK! Wi<K<EJCFCK! W>{! IC!
1K>=AC=AYE! )>I>B?ACEC! F<lt 3<JiYli<>! e1)3¢! :-;,Zft1 3>0! =>EKAUDIEI<q! <KJ<!
<K=<EC(#>! F<K]CV>{C?I<! WCAC! IIC! <I<=D=AYE! F<! AEV<{KI>E<K! <E! =CBWCKCK! F<!
W<@]>0C=AYE! F<! W>b>K! F<! F<KC{i>lli>g! U<E<(CE!IC! E<=<KAFCF! F<! <VCIDC{! Wi>X<=J>K!
CI<QECIV>K! <E=CBAECF>K! C! AE=i<B<EJC{! I>K! EAV<I<K! F<! Wi>FD==AYE! C! JICVIK! F<!
<KJICI<UACK! F<!<hWi>JC=AYE! ICI<K! =>B>!lIC! \BWI<B<EJC=AYE! F<! B 1J>F>K! F<! jl<=>7?{>!
F<![AF0>=C@?D@>K+!

!

0C! =f<=k<EJ<! F<BCEFC! <E<(fUI}=Cy! =>BW<EKCFC! =>E! DE! IE={<B<EJ>! <E! |C!
WO>FD==AYE!F<!|D<EJ<KIF<!<E<(UPC!=>B>!I>IK>E!<|IW<JiYlI<>!XI<IIUCKg! [ C!=>Eli<VCF>!C!
IC! ?aKcD<FC! =>EJEDC! F<! <KJ>K! f<=D{K>K! F<?4F>! C! cD<!lI>K! XC=ABA<EJ>K! F<! ={DF>!
=>EV<E=/>ECI'E>!=D<EJCE!=>E! <llW>J<E=ACI'WCAC! KCIK]C=<@"IC! F< BCEFCq! <K!W>{! <}li>!
cD<! <! F<KCi>li>! F<! XC=ABA<EJ>K! E>! =>EV<E=A>ECI<K! =>B>! |>! K>E! I>K! =fDF>K!
W<KCF>K!IX!<hJiICW<KCF>Kg! i<Wi<K<EJCE! DEC! C<fECHKVC!WCAHC! =>EIEDCH! TCI>ECEF>! <|i!
Wo>UQ<KAV>!=>EKDB>!BDEFCI}!!

!

OC! aEA=C! f<K<(VC! K'UEA\=CIVC! F<! ={DF>! =>EV<E=A>ECI! K<!>=ClkbC! <E!IC! W<EPEKDIC!
Can2AUCY! W>@! <iil =>EJACa>g! C! ISTICHU>! X! CE=[>! F<It UI>?>! K<! KhaCE! <E! BCX>{!
WOSW>(=AYE! f<K<@VCK! F<! W<J@Yl<>! =>fi<KW>EFI<EJ<K! C! =(DF>! W<KCF>g! KADCF>K!
WMUE=AWCIB<EJ<!<E!WCPK<K!=>B>!5<E<bD<ICg!) CECFig!/KICF>K! (EAF>Kg! ~ ]¢4=Cy!%DKC!
X1 <IIKD@><KJ<!CKinJi=>+! 1KP! BAKB>! DEC! FAKJIA?D=AYE! =DCEJNCIVC! F<NICK! f<K<(VCK! F<!
[AF0>=Ci?D@>K! <E! <l BDEF>¢! <KIBCE! cD<! <l W<JiYli<>! =>EV<E=A>ECIly! =>EKAF<GCF>K!
=>B>! CcD<llI>K! =>E! UICV<FCF<K! 13" BCX>{<K! C! - zqg! I<Wi<K<EJCE! <! G; p! F<!lICK!
I<K<@VCKg! W>0! <li' =>EJICa>g! I>K! =iDF>K! W<KCF>Kg! =>EKAF<fCF>K! <E! <l <KIDFA>! =>B>!
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J>F>K!CcD<II>K!=DXC!UICV<FCF! 13"IK<CHE]<@>{!C! - - qq!=>(0<KW>EF<E!CIIN ; p!F<!>K!
V>llaB<E<KIF<IW<]J@YlI<>I<EN>F>I<U>?>4]

!

/ENCHC?IC! , TK<!Wi<K<EJC! <E! F<]CHlI<!IC! =ICKA}=C=AYE! F<'W<J@Yli<>! F<! C=D<{F>! C!KD!
UGCV<FCF! 13"g! CKP! =>B>! CIUDECK! Wi>Wi<FCF<K! JCI<K! =>B>! |IC! VAK=>KAFCF! X! IC!
UOCV<FCF!<KW<=P]i=C+!

Tabla 1.)ICKii=C=AYE!F<I'W<J@Yli<>!F<!C=D<(F>!ClC!UICV<FCF!13"!

Tipo de Crudo °API Viscosidad [Cp] Densidad [g/cm?]

) IDF>!0AVICE>! G;N\I-;! stiir!,Z;q ! ;1QG!Is!; +ON!

) (IDF>12<FICE>! t:1s!- 848! sl 53, Z5q ! ;tON!s!;+8:!

) (IDF>!3<KCF>! ,olstz 481 Lstst, !, Z;q ! ;48:lsl, !
)ODF>!/hJCW<KCF>!t7\DB<E! u,;! v, !,z ! v,!

Fuente: 0/ &#!%t!/IC?>(C=AYE!F<!DEC!B<J>F>|>UPCIWCICNC!K<l<==AYE!F<!B<b=ICF>{<K!<E!NPE<C!
WCAC![>B>U<EAC=AYE!F<!=)DF>K!W<KCF>K!=>E!FAIDX<EJ<+! (EAV<(KAFCF!"EFDKJMCIF<! . CEJCEF<{q!
R

!
/E!<KCl<EF<E=ACy! ) >I>B?iC! E>! <K! CI<E>! C! <KJC! §<CIiFCFg! C=JDCIB<EJ<! <K! < WCPK!
=>E!|IC! cDAEJC! <K<(VC! F<!=(DF>K!W<KCF>K!B 1 K!UICEF<!F<!OC}E>CB 1 #=Cy! KDW<(CF>!
W>{! 5<E<bD<ICqg! 2 Thi=>g! 7ACKAIl X! 1GU<EMKECH = <! C=D<(F>! C! ICK! <KICFPK#=CK! F<!
WE>FD==AYE(! <E! <lt Ck>! = ;,Z! I>K! =iDF>K! W<KCF>K! (<Wi<K<EJC?CE! <l ZGp! F<!IC!
WE>FD==AYE!W<J@>lI<GC! F<I'WCPKg! X!K<!Wi<VI! cD<!<E!<|ICk>! : ; = ; II>K!=0DF>K!W<KCF>K!
I<Wi<K<EJ<E!<I'LZp!F<!ICIWi>FD==AYE!EC=A>EClg! Wi>V<EA<EJ<K!WIE=AWCIB<EJ<!F<!ICK!

' STANFORD UNIVERSITY. $[<IBCI! &HI! %<=>V<f{Xg! . ICE]>{F! 3¢>UICB! AE! /E<GUX! %<K>Df=<K!
/EUIE<<@AEUg! LU>KI>glz 5 , N+
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=D<E=CK! F<! |I>K! OICE>K! &(<EJCI<Kg! 5Clli<! 2<Fi>! F<ll 2CUFCI<EC! X! )CUDIE\
3DIDBCX>(! C!ICK! =DCl<K! W<fJ<E<=<E! =CBW>K! ABW>(JCEJ<K! JCI<K! =>B>! %D ?ACI<Kg!
$<=CIX! .CE! <@ECEF>!i<KW<=JVCB<EJ<#!

!

"E]>0IDECFCB<EJ<!CIW<KC{! F<!@<Wi<K<EICH'<IIN ; p!F<NCK!i<K<fVCK! F<IW<JiYlI<>I<E!<|!
BDEF>g! I>K! =fDF>K! W<KCF>K! =>EJEaCE! Ki<EF>! [>X! <E! FPC! DE! F<KC]P>! WC(C! KD!
<hWI>JC=AYEg!<KIW>(!<li>!cD<!IC!CWk=C=AYE! F<!J<=E>I>UPCK!<E]>=CFCK!<E!CV>{<=<@!lIC!
<hJIC==AYE! F<! <KJ>K! §<=DK>K! F<I|! KD?KD<I>¢! §<Wi<K<EJCE! DEC! Cl<fECHVC! WCEHC!
=>EJEDC(!KDWIk<EF>!IC!=(<=A<EJ<!F<BCEFC!<E<{U 1 J}=C!BDEFACI+!!

!

OCHEX<==AYE!F<!VCW>{! l<Wi<K<EJC!<E!C! C=JDCIUFCF! DEC! F<!ICK!J1=EA=CKI F<!{<=>7?{>!
B<>iCF>! BiK! <KIDFACFCKg! iBWI<B<EJCFCK! X! CVCEbCFCK! <E! <l BDEF>(! CKP! BKKB>!
=>EJU?DX<!KAUEA:=CHVCB<EIJ<!CHC!Wi>FD==AYE! BDEFACI! F<!W<J@Yl<>TemAll [A<g! , 8B8Qf+!
1=)DCIB<EJ<! <K! <=>E>=4FC! UIC=ACK! C! I>K! <h=<l<EJ<K! (<KDIWCF>K! <E! J1{BAE>K! F<!
(<=DW<(C=AYE!F<![AF>=Ci?Di>K!<E!=CBW>K!F<l! BDEF>!cD<! [ CENI>UICF>!]C=]>{<K!F<!
(<=>?0>KDW<@#><K!CIIN ; p!'=>B>!K<!<VAF<E=IC!<ENCNC?IC! : 4!

Tabla 2.! _C=)>{<K! F<!i<=>?§>![>UICF>K! C! JiICVIK! F<![C! \EX<==AYE! F<! VCW>{! =>B>!
B 11>F>1F<!i<=>?0>!B<I>{CF>!<E!I=CBW>K!W<]i>I<(>K!F<|!BDEF>+!!

Campo FR [%] Ubicacion Compaiia
W<BE1%AV<g! NZ! ) CH]>EAC! ) [<VE>E!
24F ICX! _ DEK<J! LZ! ) CH]>EAC! ) [<VE>E!
= D@A! L;! "EF>E<KIC! ) [<VO>E!
3<C=<1%4iV<f! Z;! 1I?<@iC! - <

Fuente:! .$/12!13%& " () $'&#!) &231#4!x/EPE<Cy+ e%<=DW<CF>!<|! ,NIF<IHDI>1F<! - ; , N+f!
" IKW>EA?I<I<E![IWKjtt B 1 1+KI<CB\>4k=>Bt!
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1. SELECCION DE UN CAMPO PARA LA APLICACION DE LA INYECCION DE
VAPOR COMO METODO DE RECOBRO TERMICO EN UN YACIMIENTO DE
CRUDO PESADO COLOMBIANO

" DACEJ<! IIC! <hWI>JC=AYE! li<VCFC! C! =C?>! C! DE! XC=ABA<EJ>! F<! W<J@Yl<>! Xt>! UCKg!
>(FAECIB<EJ<! K<! [C! Wi>WD<KJ>! DEC! =>EV<E=AYE! cD<! <KIC?lI<=<!|C! B<J>F>|>UPC!
B<FICEJ<!IC!=DCIK<!li<VCIC!=C?>IIC! <hWI>JC=AYE! F<!I>KIXC=ABA<EJ>K!=>EV<E=A>ECI<K!
F<I[AFi>=C@§?Di>!<E!<|'BDEF>+!/KICK![CK<K!Wi<K<EJ<KI<E!<|WICE!F<!F<KC{i>lli>!F<!DE!
C=lV>IK<IWi<K<EJCE!C!=>EJEDC=AYE!<E!C!AUDIC! , +!

Figura 1. _ CK<KI<E!<|IF<KC@i>ll>!F<IDE!XC=ABI<EJ>IF<IW<JiYI<>!XIUCK!=>EV<E=A>ECIH!

Plan de Desarrollo del Campo |

| Simulacion y Estudios de Ingenieria |

| : Intervenciones a Pozo |

| ; Optimizacion de Operaciones de Produccion |

S 1er Recobro
=] i i
g : Depletamiento 2do Recobro
g : Natural Mantenimiento
& ' de Presion 3¢" Recobro
EOR
= |
0 [
= O
S S|
=} 1
8 8|
K=} a |
3 5| Abandono
i S |
=3
{
{ >
Tiempo '

Fuente: 1051%1 = &g! ™ +1%<=DW<(C=AYEN 1 §BA=C!F<IW<J§YlI<>+) CaC=CK+5<E<bD<ICt!: ; , ;!

1KP! WD<Kg! <E! JI<BW>K! J<BWICE>K! F<I! AEA=A>! F<! IC! <hWi>JC=EYE! F<! DE! C=Jiv>!
[{F0>=Ca?D@P]<i>!=>EV<E=>EClgI<ilf<=>?0>IF<IW<JIYI<>IXIUCKIK<!>=CKE>ECIW>( B>HV>!
F<!IC! Wi<KAYE! =>E!IC! cD<! =D<EJC! {EA=ICIB<EJ<! <! XC=ABA<EJ>q! IC! =DCI! <K! KDJi=A<EJ<!
WCACIU<E<ACHI<IN]IDT>!F<!I>KIIDAF>KIF<KF<IIC!]>0B C=AYE! [CKICU>KIW>b>KIWg>FD=J>(<Kq!
=>BWI<B<EICFC! W>! |>K! B<=CEKB>K! F<! <BWDI<! Wi<K<EJ<Kg! WD<F<E! =>EJj?Dij! C!
I>UBCH|C=l>A<KIF<li<=>20>I<E)i<I<IZP!XI<IIN; p+!
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1.1. ETAPAS EN EL RECOBRO DE HIDROCARBUROS

/M!Vi/@AEZAWCM! >?T<HV>I<EIDEIWE>X<=J>IF<I<hWI>JC=AYE!W<J@>I<(C!<KNC!G<=DW<(C=AYE!F<I!
BCX>(! V>IDB<E! F<! f<=DK>! W>KA?I<! F<lil KD?KD<I>g! U<E<@CEF>! =>EFA=A>E<K!
<=>EYB}=CK!]CV>iC?I<KIWCIC!IC!=>BWCKPC! >W<(CF>{C+! /KIW>{! <llI>! cD<!I>K!<K]D<fb>K!
F<IICK!=>BWCKPCK! K>E! <E=CBAIECF>K! <E!tBWI<B<EJC{! <KJICI<UACK! cD<!=>Elli<V<E!C!
JCINAE+! ZKI>KTWE>=<K>Kg! J 1=EA=CK! X! J<=E>|>UPCK! F<KC{>IICF>K! C!I>1ICU>! F<!IC! VAFC!
WE>FD=JVC! F<!|I>K! XC=ABA<EJ>K! <! \BWIKB<EJCFCK! =>E! <l >?T<}vV>! F<! |>UGC{! DE!
\E=l<B<EJ>!<E!<|lf<=>?(>IF<![AFi>=Ci?Di>K!K>E!=ICKA}=CF>K!<Ej!!!

ol "&%j! "BWI>V<F! &All %<=>V<{X+! /ZKi<! JIIBIE>! [C=<! {<]<@<E=AC! C! =DClicDi<(!
C=IVAFCF!(<IC=A>ECFCICHE=(<B<EJC@!C!@<=DW<(C=AYE!F<![AFG>=C{?Di>K+!

ol /&%j!/E[CE=<F!&%<=>V<[X+!"BWk=CNCIAEX<==AYE!F<!]IDAF>K!cD<!=>Elli<V<E!
C! B>FA=Cf! ICK! Wi>Wi<FCF<K! F<! I>K! JIDAF>K! <E! IIC! [>iBC=AYEg! CKP! =>B>!
WCO 1 B<Ji>KIW<]Ji>]PKi=>KI=>EI<I'AE!F<!§<FD=A)NIC'KCIDEC=AYE!F<!C=<A<!(<KAFDCI+!

Figura 2. )ICKAA=C=AYE!F<IWi>=<K>K!"&%!X!/ &%:?!

| | RECOBORO PRIMARIO

|
B [ - |
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Fm—————————— = —
! '
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1
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S 1 ‘
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E ]
= L e e e e e e -
o
= —
= |5 = | RECOBORO TERCIARIO |
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Fuente: _/)/#g Ht! "&%!\! /7&%jq! =[ CE=<K! ]>{! AE=(<CK<! >]! S/l Wi>FD=}>E! CEF! f<=>V<{i<K! AE!
<hiKJAEUg! B CIDf<!G<K<fV>HiK+ (EAV<EKAXIS]INCUR< 29 >CHCy! - ; 5 Z4!

20



3CiCIWE>B>V<(! DE! BCX>(! <EJ<EFABAI<EJ>!F<!=CFC!DE>! F<!I>K!Wi>=<K>K! CWik=CF>K!C!
I>1ICAU>! F<!IC! <hWI>JC=AYE! F<! DE! XC=ABA<EJ>! =>EV<E=4>EClg! C! =>EJEDC=AYEg! K<!
F<K=@?<E!=>E!BCX>{! F<I<EABA<EI>!I>K! B 11>F>K!F<!(<=>?0>! Wk B CiA>Kq! K<=DEFC#>K!
X1 J<@=AC@>Kyg! F<JAEAF>K! CKP! F<! BCE<{C! >@FAECly! W<(>! KD! >fF<E! F<! CWik=C=AYE! <K!
JID=IDCEJ<! X! <K!'|DE=AYE! F<!CK! =>EFA=A>E<K! F<ll XC=ABA<EJ>! X! F<!lICK! =CiC=J<(PK}=CK!
F<I>K!IDAF>K#!

1.1.1. 1#SWS' (&) +8)$,") >li<KW>EF<! C!IC! WiB<AC! <JCWC! <E!lC! JCK<! Wg>FD=}VC!
F<IDE!XC=IBI<EJ>+! _<!=CiC=J<@bC! W>icD<!E>! <K!(<cD<@F>! EAEUaE! CU<EJ<!<h]<(E>!
WCOC!IC! Wi>FD==AYE! F<!I>K! [AFi>=C{?D{>Kg! W>{! <li' =>EJICA>g! <K! IC! <E<(UPC! ECIDGCH!
Wi<K<EJ<! {EA=ICIB<EJ<! <E! <l XC=ABA<EJ>!IC! cD<! <KIBDIC! IC! <hJiC==AYE! F<|! BKKB>+!
3<f>! E>! <K K>SISTIC! Wi<KAYE! IC! cD<! Wi>BD<V<!IC! Wi>FD==AYE(! ICB?AI E! I>! K>E! I>K!
B<=CEKB>K! F<!<BWDI<!Wi<K<EJ<K! F<!]>(BC! ECIDICI! D! >QAUAECF>K! W>{! =CDKC! F<!lC!
<hWI>JC=AYEgliCIi=>B>IK<!Wi<K<EJC!<E!NC!JAUDIC!Gg!<I>KIK>E;j!

!

1.  /hWCEKAYE!F<!§>=C!X!]IDAF>K+!
2. /BWDI<IW>IUCK!FAKD<l)>+!

3. /BWDI<IW>{!=CWCIF<IUCKH#!

4. /BWDI<![AFQiDli=>+!

5. TO<ECI<IUGCVAIC=>ECI#!

!

/E! IC! JJUDGC! G! K<! Wi<K<EJCE! I>K! B<=CEAKB>K! F<! <BWDI<! ECJDGCI! X! KD!
=>BW>{CBI<EIJ>! =>E!i<IC=AYE! C!liC! i<=DW<(C=AYE! F<! [AFG>=C@?D@>K! X! ClIC! =CPFC! F<!
WE<KAYE! F<I! XC=ABA<EJ>! C! B<FAFC! cD<! K<! <hJiC<E! I>K! JIDAF>Kz! <EDB<{1EF>K<! <E!
>(F<E!CK=<EF<EJ<!F<KF<!CcD<IlcD<!>UiC! <l B<E>{!|C=J>{! F<!i<=>?(>!eZpfy!<BWDI<!
W>{! <hWCEKAYE! F<! §>=C! X! JIDAF>Kg! [CKIC! <l B<=CEAKB>! cD<! Wi>W>{=A>EC! BCX>{!
W>(=<EJCT<! F<! (<=DW<(C=AYE! F<! [AF(>=Ci?7Di>K! =>fi<KW>EFi<E]<! ClI! Fi<ECI<!
UBCVAIC=A>ECI!cD<!WD<F<!I>U@CE!DE!C=]>(IF<!i<=>?(>IF<![CKIC!<IIL ; p+!
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Figura 3. 2<=CEKB>K! F<! f<=DW<(C=tYE! WRBCRC! F<! [{FG>=CA?D§>K! X! KD! 6<IC=AYE!
=>EI<Il|C=I>0IF<1)/3%*) %!
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| c
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I Eficiencia de Recobro, %0OIP.

Fuente: /.)&71%) + DEFCB<EI>K! F<! \EU<EIEPC! F<! XC=ABIEI>KH /FNSHICH (ENV<GKIFCF!
- Di=>I>B2ICECHBUB<AC!/ FI=AYE+#<ICH) SI>B2ICH 1 5 ; 241

1.1.2. 1"#$WS" —""#./70+&)$," 0>K! Wi>=<K>K! F<! j<=>?(>! K<=DEFCfh>! K>E! J1=EA=CK!
cD<!K<!iBWI<B<EJCE!=>BaEB<EJ<!W>KI<@#>0! ClI>K!Wi>=<K>K! F<!fi<=>?(>!WIB Cfh>g! X!
KD!WEAE=AWCIIAE! <KI<Il F<!i<=>?0C(! BCX>(<K!V>laB<E<K!F<! [AFi>=Ci?Di>K!ClJICVIK!F<!
ICHEX<==AYE!F<!]IDAF>K!=>B>!<|| CUDC!WCAC!I>K!XC=ABA<EJ>K! F<!W<J@YlI<>! X!UCKIW>?(<!
WCACH>KIXC=ABA<EI>K!=>BW>Ki=A>ECli<Kg! =>E! <l >?T<J\V>! F<!>UGC@! DE! BCEJ<EABI<EJ]>!
<ENC!WE<KAYE!<E!<WIXC=ABA<EJ>!IX!=>EJ@?DAi! CI F<KWICbCBA<EJ>!F<!I>K! [AFG>=CQ@?D@>K+!!

1.1.3. T"#3%S 1) +)$, 0>K! B 11>F>KIF<! f<=>70>1]<(=ACli> 1 <E<E!=>B>!JAEN>UICH!
\E=1<B<EIJC{!IC! I<=DW<@C=AYE! F<!(<=D@K>K! cD<! E>!|D<@>E! W>KA?lI<K! <hJiC<@! C! JACV IK!
F<! BI>F>K! F<! (<=DW<@C=AYE! W#BC@#>! X! K<=DEFC@#>+! 0>K! B 1J>F>K! F<! (<=>?(>!
J<@=AC@A>!CINAUDCI cD<!i>K! B 11>F>K! F<!i<=>?(>!K<=DEFC{>!<BWI<CE!DE!]IDAF>!cD<!<K!
IEX<=JCF>!CHIC!|>0BC=AYEq! W<@>! E>I K>>I =>E! <l >?T<V>! F<IK>SKI<E<@NIC! WE<KAYE! F<Ii!
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XC=ABA<EJ>IKAE>!=>E!<'WISWYKA>! F<!U<E<(C{! B>FAi=C=A>E<K!<ENCK!=CiC=]<(PK}=CK!
F<II>K! JIDAF>KIAEX<=]JCF>Kg! <E!I>K! JIDAF>K! F<!IC! ]>§BC=AYE! Xt>! <ENICK! Wi>Wi<FCF<K!
W<J@>]PKA=CK+! ZKICK! VCAC=A>E<K! =>Elli<VCE! C! E=i<B<EJCQ! IC! <]i=A<E=AC! F<! ?C{iAF>!
BC={>K=YWi=C! >! V>IDB LJii=Cy! =>BWI<B<EJCFCK! =>E! >Ji>K! B<=CEAKB>K! I>U@CE!
CF=>ECIB<EJ<!DE!NE={<B<EJ>!<E!C! <]i=A<E=IC! B/={>K=YWi=C! >! F<! F<KWICbCBA<EJ>+!
0>K! B 1I>F>K! F<! i<=>?(>1J<(=ACi#>! ICB 2}l E! K>E! F<E>BIAIECF>K! B 1J>F>K! F<! i<=>7?(>!
B<I>iCF>(lI>K!=DCl<K!K<!F<JCIICE!C!=>EAEDC=AYEH!

1.2. METODOS DE RECOBRO MEJORADO

(ECIF<!I>K! BCX>(<K!'EJ<(<K<K!<E!NC!IAEFDKJMHC! <K! <VCIDC{! X! F<KC@>IlIC4! )J<=E>I>UPCK!
cD<!W<(BKCE! [ C=<{! B i K!<]<=}V>K!I>KIWi>=<K>K! F<!(<=DW<@C=AYE! F<! [AF§>=C§?D@>K!
iE=G<B<EICEF>! <|! |C=)>{! F<! (<=>?0>¢! F<KF<! >WABACE! I>K! B 1J>F>K! F<! fi<=>7?§>!
K<=DEFC@>! X! IC! AEX<==AYE! F<! ]IDAF>K! C! IC! ]>BC=AYEg! [CKIC! B>FA}=Cf@! ICK!
WOSWAFCF<K! F<!ICK! (>=CK! Xt>! [>K! JIDAF>K! <E! <|! XC=ABA<EJ>g! WCIC! JCV>(<=<{! KD!
B>VAFCF![C=ACI>KIW>b>KIWE>FD=]>(<K#!

!

0>K! Wi>=<K>K! F<! f<=>?0>! B<I>ICF>! K>E! F<JAEAF>K! =>B>! CcD<I>K! B 1J>F>K! cD<!
W<BBH<E! E=6<B<EJCH! <! JIDT>! F<! [AF8>=Ci?Di>K! F<KF<! <I! XC=ABA<EJ>! C!IC! =C4C! F<!
W>b>! > =>B>! IC! f<=DW<IC=EYE! F<! C=<ki<! CFA=t>ECI F<KWDIK! F<! I>K! B 1J>F>K! F<!
f<=>70>! WHBCH>! X! K<=DEFC@#>! e1IVCICF>y! :;,;fH 1KP BIKB>g! >Ji>K! CDI>f<K!
W<K<EJCE! F<JEA=>E<K! BiK! <KW<=Pi=CK! =>B>! IC! F<{EAFC! W>B! e1 [B<Fy: ; , = fg! Cl!
B<]<MiK<! C!I>K! We>=<K>K! F<! f<=>?0>! B<I>ICF>! =>B>! CcD<II>K! <E! |>K! =DCI<K! K<!
f<FD=<!IC! KCIDIC=AYE! F<! C=<Al<! C! VCI>(<K! LE]<@h>f<K! Cll F<! IC! KCIDAC=AYE! F<! C=<)<!
B<KAFDClle . >if+!

!

O0>KIWi>=<K>K!F<!i<=>?(>IE>IK>I>IAEV>ID=GCE!ICIAEX<==AYE! F<IDE!|IDAF>!=>E! <[l }E! F<!
KDWI<B<EJC{! IC! <E<fUPC! ECIDECI Wi<K<EJ<! <E! <l XC=ABA<EJ>(! KEE>! cD<! I>K! JIDAF>K!
IEX<=JCF>K! AEJ<(C=JaCE! =>E! <|Il KiKI<BC! §>=Ct]IDAF>! F<i! XC=ABA<EJ>! WCEC! U<E<{C{!
=>EF=>E<KICV>C?I<KIWCEC! <l f<=>7(>+! /KICKHE]<(IC==A>E<K!WD<F<E!=>Elli<VC{! C!IC!
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i<FD==AYE! F<! ICK! ]D<@bCK! F<! J<EKAYE! AEJ<@]C=ACly! [FE=[CBI<EJ>! F<I! W<JhYl<>g!
i<FD==AYE! F<!|IC! VEK=>KAFCF! F<Ill' C=<h<g! >! UE<{C=AYE! J1iBA=C! AE\KAIDz! <KJCK! K>E!
MEJ<EC==A>E<K!]PKi=>\cDPBA=CK! cD<!E>!K>E! CJiA?DA?I<K! CHICIAEX<==AYE!F<!UCK!>!CUDC!
WCIC! <lI' BCEI<EABI<EJ>! F<! IIC! Wi<KAYE! >! F<KWICbCBA<EJ>! F<il [AFG>=C{H?Dp>!
emAll[A)<g, 88Qf+!

!
/E!<lI=CK>!EC=A>EClg! F<!lI>K! CWi>hiBCFCB<EJ<! - Q; I=CBW>K!W<Ji>lI<(>K!=>E!>K! cD<!
=D<EJC! <l WCPK! Clj<F<F>{! F<ll -Np! F<! I>K! =CBW>K! JCE! K>I>! [CE! (<=>?(CF>!
CWi>hiBCFCB<EX!<I!, ; p! F<itW<J@Yli<>! >GUAECH! <E! KAR>g! <K! F<=A(! cD<!CaE!=D<EJCE!
=>EI<|I8; p!F<ilf<=DIK>!<E!<|lKD?KD<I>"(! F<!C=D<@F>!C!IC!AE]>0BC=AYE!=>EJ<EAFC!<E!
IC!JAUDEC!—+!

!

Figura 4. #aB<({>!F<!=CBW>K!VK!3<JiYlI<>!&UIECII<E! _ AIi>I<E!) SI>B24Ct!

Campos Colombianos
[280]

Distribucion del ms
Petrdleo Original en
Sitio (POES) con el
numero de campos de o111
petréleo en Colombia,,
35
m 25
201

19 campos de
petrdleo tienen
el 66% del POES.

tienen el 89% del
POES.

79campos de petrdéleo
tienen el 94% del
POES.

Fuente: )1 .3$%&g! %tg! <) Clit! ZE[CE=<F! &Il %<=>V<(X! e/ &%f! . JCIDK! s! )>I>B?iC+ . 3/! OCJIE!
1B<@=CE!{!) Ci\??<CE!3<)i>I<DB!/EUIE<<GEU!) >E]<i<E=<+!0AB C+!3<(D! " k=< B?0<+!: ; , ;1!

T<ULQEN™ 19" >1T1" ;9" >2 1< I#N™ #4" Q 1 UGKOON™ >09" LNQN™ <§" =V I 2W™ X¢" ONEN" 19"
NEANY2W" 16" LYM#NZ 10" GI" 2+C—+37," N§I" 1/3%1/)2" PPN IS" LT-T4&" [* <%l  *$-3" L="" O-T5+"
U /)B3=+"\"<= %5/ "= YW/ 4 - "+ 0 [k 2 "<UH6/) /437808 - ~9'=/)AVE3S/ ) /9]~
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ZKIW>(! <li>! eD<! <! f<=>?(>! B<T>{CF>! F<! [AF(>=Ci?Di>K! f<Wi<K<EJC! [>X! <E! DE! FPC!
DEC! Cl<GECHVCIWCHC! E=f<B<EJC{!IC! (<=DW<GC=AYE! F<!W<J@YlI<>! cD<! C! EAV<|! BDEFACI!
<K!F<ilGLp!X!cD<!IWCAC! <l =CK>IEC=A>ECINCE!K>>!i<Wi<K<EJC!<I! , Qpg! F<!C=D<@F>!C!
IC!<KICFPKIF=CIWE<K<EICFCW>{!/) &3/ $%&0! . +1+!

Figura 5. 1#aB<{>!F<!=CBW>K!VK!3<JiYlI<>!&UAECII<E! . Ni>I1<E!) >I>B24CH!
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Fuente:! /) &3/$%&0! .11t x/E! PE<Cyt! e%<=DW<CF>! <l! Q! F<! K<Wi<B?i<! F<! z;,N+flIIN
" AKW>EA?I<! <E! [IWjtt kB B +<=>W<ip>li=>B+=>t L WKtW>0IClt<Kt<=>W<Ji>I\ | <?tED<KIIC\BWAI<KCtKCIC\
F<\Wi<EKCt?>lI<RE<K\F<\WI<EKCt?>I<JE<K\: ; , Nt?>I<JE<K\: ; , Nt=CBW>\IC\=AICME]CEJCK\Wi>FD=<\
—;\BAN?ClfAI<K!

)>E!I?CK<! <E!>! CEJ<@#>g! K<!Wi<K<EICE! C! =>EJ}EDC=AYE!I>K! B 1J>F>K! <E! <|! 1(<C! F<!
i<=>?0>! B<I>(CF>! F<! W<JgYl<>! X! UCK! BiK! <BWI<CF>K! X! CWk=CF>K! C! <K=CIC!
=>B<(=ACl'<E!=CBW>K!F<![AFi>=Ci?Di>K!F<I!BDEF>+!
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1.2.1. 2343035 136*)#3$5," 0>K! B 1I>F>K! ] 1iBi=>K! K>E! <BWI<CF>K! WikE=AWCIB <EJ<!
WCAHC! XC=ABA<EJ>K! F<! =DF>! W<KCF>¢! cD<! C! =CDKC! F<!ICK! CIJCK! VAK=>KAFCF<K! F<I!
W<J@Yl<>! IC! f<=DW<(@C=AYE! CI=CEbCFC! F<I! [AF§>=C{?D{>! FDICEJ<! IC! CWk=C=AYE! F<!
B 1>F>KIWkB Cii>! Xt>!K<=DEFC{>!K>E! BDX! ?CT>K+! ZI' WIAE=AWA>! cD<!>W<(C! FDECEJ<!IC!
CWik=C=AYE!F<!I<KI>K!Wi>=<K>Kg!<K!<l!F<!E=f<B<EJCH!NIC! < BW<(CIDIC!<E!<IXC=ABAI<EJ>!
B<FICEJ<!ICIAEX<==AYE! F<!DE!]IDAF>! cD<!KDBAEAKJi<! <E<(UPC! ClIC! [>BC=AYE! >1W>{! <|!
=>EJIC>! cD<! ]JCV>f<b=C! IC! UE<(C=AYE! F<! <KJC! AE! KAD! e1[B<Fq! : ;, -f+! 1IUDECK!
JI=EA=CK! =>B>! IIC! AEX<==AYE! F<! CMi<! X! IIC! AEX<==AYE! F<! VCW>{iy! §<Wi<K<EICE! I>K!
Wi>=<K>K! Bi1K! <BWI<CF>K! C! EAV<|! BDEF/CI! <E! <l 1§<C! F<! f<=>?0>! J1{BA=>! F<!
[AF0>=Ca?Di>K+!

0C! lE]ID<E=AC! F<! I>K! B<=CEAKB>K! cD<! AEI<QVA<E<E! <E! IC! Wi>FD==kYE! F<! =gDF>K!
W<KCF>Kg! VCPC! F<! C=D<GF>! C! ICK! Wi>Wi<FCF<K! IKi=>cDPBI=CK! X! W<J§>]PKi=CK! F<I!
KIKI<BC! §>=C\W<JgYlI<>H . i<EF>!IC! f<FD==AYE! F<!|IC! VAK=>KAFCF! WCAC!I>K! =gDF>K! B iK!
F<EK>Kg! <! WRE=AWCI! B<=CEKB>! iBWIP=AI>! <E! IC! <hJiC==tYE! F<! <Ki<! JW>! F<!
[{F>=C?Di>K!eJUDGCILf+!

|

Figura 6. /\=<E=IC!F<!I>KIB<=CEKB>K!Wi<K<EJ<KI<E!<|li<=>?0>1] 1 iBi=>+!

Eficiencia de Recobro Térmico

Vaporizacion
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Expansion Humectabilidad
Térmica

Tension Interfacial Agua Petréleo

Incremento de la Densidad

Fuente:! .$1# &%"! (#'5/%."$4+ S[<iBCIl &AMl %<=>V<{Xg! .ICE]>IF! 3¢>UICB! IE! /E<UX!
%<K>Df=<K!/EUIE<<GAEU! 1U>KI>g! = 5 , N+"
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1.2.2. 2343$0$5' 2)5#)%6"'5," 0>K! F<KWIChCBA<EJ>K! BIK=A?lI<K! K>E! CcD<IlI>K! =DX>!
WEAE=AWA>! JPKA=>! K>E! IC! ]>0BC=AYE! F<! DEC! ]CK<! <EJi<! DE! ]IDAF>! iEX<=JCF>! C! IC!
]>EBC=AYE! X! <li! [AF@>=C@?D@>! Wi<K<EJ<! <E! <l XC=ABA<EJ>g! =>E! <|Il {E! F<! B<I>{C{! IC!
B>VHKFCF! F<I! [AFG>=C(?D@>! <! eE=l<B<EJC{! KD! ]C=J>{! F<! {<=>?{>t! OC! BAK=A?HkFCF!
<EJi<! <I'IDAF>HAEX<=JCF>! X! <|l C=<A<'AE\KAID!K<!WD<F<!lli<VC{! C! =C?>I Cl JiCV I K! F<!DE!
K>I>1=>E]JC=]>!>IB<FICEI<!BallWi<K!=>EJC=)>K+!

>§&3848 , -, "=" ()8 - /)"3%+71-371%9"

 <ISHUIECI=DCEF>I<IIF<KWIChCBIKE>I<EI<IIXCoABI<EJ>I>=Dii<I<EIDECIKSICICK<I2CT>!
=DCICDA<GIWESW>G=AYE! F<! B<b=ICK!<EJi<!<IIJIDIF>UEX<=ICF>IX! <IW<JAYI<>UEIKAD# /KI<!
F<KWIChCBAEI>! K<! >HUKEC! WHE=MCIB <EJ<! =DCEF>! <Il JIDIF>HEX<=ICF>! =>(1<KW>EF<!
C!UCK<K! Ii=DCF>K! F<lt W<JaYi<>! =>BWD<KI>! W>(! B<b=ICK! <EJi<! <JCE>Kg! WiSWCE>K! X!
2DICE>Kgli>K! =DCl<Kg! C! 2CTCK! =>EFk=k>E<K! F<!I<BW<ACIDEC! X! Wa<KAYEg! C!=CDKC! F<!KD!
ECIDICI<bCIX! CHEAFCF! cDPBA=C! <EJi<!ICK! B>/ 1 =DICK! F<I!=8DF>IX! F<|IUCKg!Wi> B >V<di E!
IC! BIK=A?HHFCF! 2CT>! =DCIcDi<f! WESW>4=AYE! F<! B<b=IC+ /K)<! <]<=J>! K<! WD<F<!
VAKDCItbCa! <E! <! FACUBCBClI<BECHE>! F<!IC! JUDAC! N+ ZE! 11 K<! >?K<BVCE!IC! <EV>IV<E)<!
F<!]CK<K!cD<!G<Wi<K<EIC!<il=>BW>0ICBI<EJ>IF<!iC! B<b=IC!VCHCEF>NCWISW>(=AYE!F<!
I>K! =>BW>E<EI<K! Wi<K<EJ<K! <E! I>K! VIak=<K! F<ll FICUICBCY <KI>K! K>E! I>K!
=>BW>E<EJ<K! W<KCF>K! F<il =DF>! ) fyl IC! JIC==AYE! F<! [HF§>=CA?Di>K! WVACE>K! £ .\
) LFAIXIKIUCKIF<ICEICKII<e) | | ) &- | #-F+1 1KPI BIKB>IK<!§<KCICENCK!=>BW>Ki=t>E<KIF<!
DE! UCK! W>?0<! e1fg! F<l! C=<i<! e7f! X! F<ll RO3! e ™+l = <! C=D<@F>! C! IC! F<HEI=AYE! F<!
BIK=F24AFCF! C! WEAB<g! =>EIC=J>g! <Kl<! <]<=J>! K<! Wi<K<EICAi! ?CT>! B<b=ICK! <E!
=DCIcD<BIWESW>G=hYE! <EJi<! <! C=<t<IXI<IlUCKIk=DCF>I F<IW<J§YI<>1eRO3fl F<?4F>! cD<!
IC! B<b=IC! <EJg<!I>K! F>K! JIDAF>K! E>IHEUS<KCA ! C!IC! §<UAYE! 24] i Ki=C! KIDCEC! CI AEJ<gi>(!

>{&35*88, -, "-" - 0180/ &"3%+71-371%&9"

!
) CK>! =>EJiCG>! >=Dii<! =DCEF>! IIC! BAK=A?HKFCF! <EJi<! <l UCK! X! <lI C=<h<! E>! K<!
Wi<K<EJC! Clit WikB <! =>EJC=]>+! /KJ>! KD<lI<! KD=<F<{! =DCEF>! <|l UCK! C! <BWI<C{! <E!IC!
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MEX<==AYE!E>!<K!{=>! <E!=>BWD<KJ>K! [AFi>=Ci?Di>Kg! X! VIKDCIB<EJ<!<E!<|l FACUICBC!
F<!|CK<Kg!K<!>?K<VC! cD<!IC!@DJC! cD<!DE<!>K!IDAF>K! F<AEJ<f I K! CJICVA<KC!IC! f<UAYE!
24 1KA=C!KADCFC!CINEI<@h>(!F<!<EV>IV<EJ<g!JAUDGC!IN+!

Figura 7. ! " \CUICB CI<@ECH#>!F<!B<b=ICIWCAiC!=>BWD<KJ>K! [AFi>=Ci?D@>K+!

CO,+ Np+Cy
100%

Tie Line

irst-Contact-Miscible
Region “FCM”

)
D

Cr.
100%

C2-Cs
100%

Fuente:!192/ " ¢!$tg! LFVCE=<F!%<K<(V>4)! 2 CECU<B<EJICEF!/EUAE<<MEUg!K<=>EF!<FA#>Ey!
=[CWI<@!Lg!"EJF>FD=U>EN>I/E[CE=<F!&A%<=>V<{X+!: ; , 1!

7,8,9," 234$0$5' = _;*)#$5,"0>K! B 1I>F>K! cDPBA=>K! <BWI<CF>K! <E!|C! f<=DW<{C=AYE!
B<I>(CFC! F<! [AF0>=C@?Di>K!=>B>!>!K>E!NCIAEX<==AYE! F<IW>IPB<#>K! X! KD@] C=JCEJ<Kg!
=>Eli<VCE! C! AE=i<B<EJCH! (<KW<=J}VCB<EIK<! IC! <]J}=i<E=AC! V>IDB LJ@=C! X! F<I!
F<KWIChCBIA<EJ>!ICIICV IK!IF<!C!FAKBAED=AYE!<E!C!i<IC=AYE!F<!B>VAkFCF!<EJi<!]CK<Kg!
CKP!=>B>!DEC!i<FD==AYE!<E!ICIJ<EKAYE!AEJ<@]C=ACIH! OC!iCbYE! F<! B>VHkFCF!e2f! =>B>!
KD!E>B ?(<!I>TEFA=Cy! [ C=<! B<E=AYE!CHNC!§<IC=AYE!=>E!C!=DCI! DE! |IDAF>!K<! F<KWICbC!
=>E!i<KW<=J>1C!>]Ji>+! 2CI<B 1}=CB<EJ<!IC!<=DC=AYE!cD<!i<Wi<K<EJC!<KI<!|<EYB<E>!
K<!Wi<K<EJC!C!=>EJ}EDC=AYE]j"

" >EF<j!

28



\!2 migj!%<IC=AYE!B>VHFCF!CUDCtC=<h<!! ! N\w;yj!3<iB<C?HkFCFIE<ICINVCICIICUDC!
\I12 j1%<IC=AYE!B>VHKFCF!F<iICUDCH!IIIIIIIT N\w;j!13<iB<C?HhFCFIE<ICIVCICIW<JEYlI<>!
\I12 ¢ j1%<IC=AYE!B>VHFCFIF<lW<jgYli<>111mr 1 N pmj!SK=>KIFCF!F<|ICUDC!

N pgj!SAK=>KIFCFIF<IW<J@Yl<>!
!
(EC!i<FD==AYE!<ENC!i<IC=AYE!F<!B>VHKFCFg! cD<!K<!W>FGPC!I>U(CH!=>E!DENE=<B<EJ>!
<ENC! VAK=>KAFCF! F<!IC! |CK<! F<KWIChCEJ<! cD<!W>{!I>! UE<{CH! <K! CUDCy! B<FACEJ<!IC!
AE=>(W>(C=AYE! F<! CU<EJ<K!VIK=>KI)=CEJ<K!=>B>!|>!K>EN>K!W>IPB <§>Kg! =>Elli<VCGPC! C!
DENE=(<B<EJ>!<E!NC!<]i:=A<E=AC!V>IDB Hi=C!XW>(!<EF<!<E!<|!|C=)>{!F<!f<=>?(>+]/E!C!
JAUDEC! Q! K<I>?K<{VC!I <l <]<=)>! F<NICI ICbYE! F<! B>VAKFCF! <ENIC! <]JA=A<E=AC! F<! ?C{{AF>!
BC=>K=YWi=>+!!

Figura 8. /]<=l>IF<!ICIGCbYE!F<!B>VAFCFI<E!<|!?CiiAF>!BC=>K=YWi=>IF<IW<]J@Yl<>+!

Fluido
| Desplazante

O>K! B 1)>F>K! BiK=A?I<K! cD<! <BWI<CE! CU<EJ<K! cDPB/=>K! =>B>! |>K! KDi]C=JCEJ<Kg!
W<E<E! =>B>! Wi>WYKN>! |CV><=<@! IIC! ]>iBC=AYE! F<! DEC! K>IC! JCK<! <EJi<! ]IDAF>K!
IEA=ICIB<EJ<! lEBIK=A?I<Kg! <FD=A<EF>! IC! J<EKAYE! AEJ<@]C=ACIl <EJi<! <Wi>K! =>E! <|i!
WESWYKN>IF<!=>EJiA?DA! CIIC! FAKBAED=AYE!F<!ICIKCIDIC=AY E!F<!C=<N<I<E!<|IXC=ABI<EJ>+!
/KI<! <]<=)>1 K<! <hWi<KC! BCl<B1J=CB<EJ<! B<FICEJ<! IC! F<]AEA=AYE! F<I! EaB<{>!
=CWHICQg! F<K=GNC! C! =>EJ}EDC=AYEg! <Il' =DCI!! i<Wi<K<EJC! DEC! i<IC=AYE! <EJi<!lICK! |D<GbCK!
VIK=>KCKIX!=CWHICG<K+ 0>K!Wi>=<K>K!cD<!<BWI<CE! B 1J>F>K! BiK=A?lI<K!=>B>IWHE=AWL>!
WCEC! FAKBAEDA! <! 3&/ - ¢! ?DK=CE! U<E<({C{! DEC" i<FD==AYE! F<!ICK! |D<@bCK! =CWHICA<K!
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=>EI<|IAE!F<!cD<!WEB<E!CK!]D<@bCK!ViK=>KCKIX!CKP!IC! BCUEANDF! F<|!EaB<{>!=CWHICQ!
\E=(<B<EJ<#!

- /0123/563,7323 5% <(;<) <>?)"
o (L=

+, % Yo — %

T 70123,28692073 = \=:/\@
H#%+, /4"
\Iw<]j!3<BB<C2HkFCFI<]<=AVC! \I*jI5IK=>KiFCF!
\I=j!13>(>KIFCF! \IAjIS<EKAYENEI<g]C=ACII
\I5j15<|>=4FCF! \IBC#Dj! RECFA<EJ<!F<IWI<KAYE!

/KI<IE=i<B<EJ>! cD<!K<!Wi<J<EF<!CI=CEbCQ! <E! <l EaB<{>! =CWHICfig! |CV>(<=<@1 ! DEC!
FAKBAED=AYE!F<!IC!KCIDEC=AYE!F<!C=<N<!=>E!{<IC=AYE!CNCIKCIDIC=AYEHEA=AClg!=>B>IK<!
<VAF<E=AC!<E!NC!]AUDAC!8!Wi<K<EIJCFCIC!=>E}EDC=AYEH+!

Figura 9. %<IC=AYE!F<!KCIDIC=AYE!F<!C=<N<IVK!#aB<{>!=CWHIC{+!
!

s e ——

—
o
7

(Sor)afler
( Sor)before
4

Critical N

Fuente:!192/ " ¢!$tg! LFVCE=<F!%<K<(V>4)! 2 CECU<B<EJICEF!/EUAE<<MEUg!K<=>EF!<FA#>Ey!
=[CWI<@!Lg!"EJF>FD=U>EN>I/E[CE=<F!&A%<=>V<{X+!: ; , 1!
I

)>B>IK<I<VAF<E=IC!<E!IC!AUDIC! 8¢! <l Ea B <{>!=CWAIC{! =(PIA=>7! =>i<KW>EF<!C! CcD<IIC!
BCUEADF!<E!C! cD<EA=ACNIC!i<FD==AYE!F<!IC!KCIDAC=AYE! F<!C=<N<!(<KAFDClg! F<?4F>!C!
IC! §<FD==AYE! F<!IIC!J<EKAYE!EJ<@]C=ACI! <EJI<!ICK!]|CK<KI F<!I>K! IDAF>K! Wi<K<EJ<Kg! cD<!
WD<F<! K<! F<! Clii<F<F>{! F<! Ji<K! C! =AE=>! Y(F<E<K! F<! BCUEADF! x:y! <E! DEAFCF<K!
FAECt=B+!!
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"E]>@DECFCB<EJ<! [>K! Wi>=<K>K! BMK=A?I<K! X! cDPBi=>K! <BWI<CF>K! <E! I|C!
I<=DW<@C=AYE! F<! W<J@Yli<>g! K>E! W>=>! <]<=J{V>K! <E!lC! BCX>{PC! F<! XC=ABA<EJ>K! F<!
=IDF>!W<KCF>g! F<?4F>! C!lIC! CIC! VAK=>KAFCF! F<|ll =iDF>! cD<! K<! BCE}<E<!\ECI<iC?I<!
?CT>HICI CWIk=C=AYE! F<! <KI>K! B 1J>F>K! X1W>(! <EF<! <|! |IDT>! F<|i! [AF@>=C4?D@>! C! JiCV IK!
F<il B<F>! W>>K>! K< [C=<! UBNCF># /ZK! W>{! <li>! cD<! WCEC! I>UGCQ! <]<=J>K!
KAUEAA=CIAV>KI<ENIC! <hWI>JC=AYE! F<!<KJ>K!(<=DK>K!K<!(i<cDi<i<E! I =E/=CKI<E]>=CFCK!
<E!CIC=C{MIC'WGE=AWCIIABACEJ<!<ENC!Wi>FD==AYE!F<!<KJC!=ICK<!F<! [AFi>=C@§?Di>Kg!lC!
VIK=>KAFCFg! W>{! <KIC! §CbYE! K>E! I>K! B 1J>F>K! J1iBA=>K! IC! WiAB<(C! >W=AYE! <E! IC!
I<=DW<@C=AYE!B<T>{CFC!F<!={DF>KIW<KCF>K+!!

1.3. TECNOLOGIAS DERIVADAS DE LA INYECCION DE VAPOR
APLICADAS AL RECOBRO TERMICO DE CRUDOS PESADOS

O>KIWi>=<K>KI1§BA=>Kg! FIK<kCF>K!=>B>! B 1 )>F>K! F<! i<=>?(>! WIAE=AWCIB <EJ<!WC{C!
=iDF>K!W<KCF>Kg! U<E<{CE!DE!UGCENEI<OIKIF<?AF>I CHICIWE>W>=AYE! cD<! <KI<!AW>!F<!
[AFi>=C0@?D@>K!i<Wi<K<EJCE!<E!C!<KICFPKI=C!F<!i<K<@VCK!<E!<|'BDEF>+!

Figura 10. /J\=<E=ACKI<E!W{>=<K>KIF<!i<=>?>1]11Bi=>+!
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|
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Fuente:! _$1# &%"! (#'5/%."$4+ S[<IBCI &l %<=>V<{Xg! .ICE]>6F! 3§>UICB! AE! /E<UX!
96<K>Di=<K!/EUIE<<BEUQI LUSKI>g! - 5 , N#!
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OC! AEX<==AYE! F<! VCW>{! X! IC! AEX<==AYE! F<! Chi<g! f<Wi<K<EICE! I>K! Wi>=<K>K! B iK!
<BWI<CF>Kg! W<{>! <K! <|IWiB <@=>g!IC! J 1 =EA=C! B 1 K! <]J}=A<EJ<! <EN 1 §BAE>K! F<|! V>IDB<E!
F<! i<K<@VCK! cD<! WD<F<E! <hJiC<{K<! <BWI<CEF>! <KIC! J<=E>|>UPC! X! IC! B>F<{iCFC!
AEV<(KAYE! cD<!K<! i<cDi<f<! WCAC! KD! i BWI<B<EJC=AYE! eJAUD(C! , ; f+! 3>(! >JIC! WCJI<g! IC!
AEX<==AYE! F<! VCW>{! <Wi<K<EJC! DE>! F<! |>K! Wi>=<K>K! F<! j<=>?{>! B<I>(CF>! BiK!
BCFD{>K! <E! JIIBAE>K! F<! \EV<KAUC=AYE! X! F<KC@@>lll>g! W>@! I>! cD<! <K! =>EKAF<{CF>!
<EJi<! I>K! Wi>=<K>K! JIiBA=>K! <lI F<! BCX>{! CWK=C?HFCF! X! =>B<{=AC?4UFCF!
J<=E>IYUI=CH!

Figura 11. 2CFDi<bl<=E>IIYU=C!F<IWi>=<K>K!/ &%!CWik=CFC!IC!=0DF>KIW<KCF>K+!

| Madurez tecnolégica de procesos EOR aplicada a crudos pesados

Madurez del proceso
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@ | Vapor (SF, CSS, SAGD) |
< Miscibles
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En Prueba & AsP
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'S Inyeccién de Gases Acidos
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Baja Madurez “@  VAPEX Subrayado = N/A a HO
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Espuma

L 4
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Fuente:!51#! " &%3g!Ht! = ><KI [<CVXI>Ali<=>V<XIE<<F!KI<CBH+! . >=i<]X!>]!3<)i>I<DB!/EUE<<(K+!
(EAV<{KIFCF!"EFDKJM#CIF<! . CEJCEF<{+7D=CACBCEUCH! - ; , L+!
!

1KP! BAKB>!IC!H EX<==AYE! F<! VCW>{! <K! DEC! JI=EA=C! F<! (<=>?0>! V<@K1Ji! 3i<K<EJC!
VCUMACEI<K!<=E>IIYU=CK!=>B>!ICIHEX<==AYE! =P=l=Cg!IC! \EX<==AYE! =>EJEDCy! <l Fi<ECI<!
UOCVNC=A>ECI! CKIKIF>! =>E! VCW>{y! <EJi<! >JICKg! =DXC! =>EFi=AYE! =>BakE! <K! |C!
WE>FD==AYE! F<! VCW>{g! =>E! <l iE! F<! AEX<=JC@I>! C! IC! |>0BC=AYE! X! JICEKBA}! <KJC!
<E<Q@UPC!CIXC=ABI<EI>!CIICV IKIF<!=CI>!K<EKA?I<!X!=CI>@!ICI<EJ<!>]>(UCF>ICI!CUDC!<E!
KDW<@]A=h<+!!
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OC! AEX<==AYE! F<! VCW>{! <K! <l B 1J>F>! F<! f<=>?(>! J1iBi=>! B1K! <BWI<CF>! <E!|C!
<hWI>JC=AYE! F<IXC=ABA<EJ>K! F<! =DF>! W<KCF>g! <hJiICW<KCF>! X! Ci<ECK! 2AJDBAE>KCK?!
0>K!B<=CEKB>K!\BWIP=A>K!<E!C!i<=DW<GC=AYE!F<!I>K! [AF0>=C@?Di>K! CK>=ACF>K!C!IC!
ABWI<B<EJC=AYE!F<!ICI=EA=C!K>E;j!

/BWDI<I2/K=A?lI<!
/BWDI!IF<IRCK!

" <KHIC=AYE!

/hWCEKIYE!S$ 1§BA=C!!
%<FD==AYE!F<!SIK=>KAFCF!

OC! =>EJ@?D=AYE! F<! =CFC! B<=CEKKB>! <E! <|l |C=]>0! F<! fi<=>?(>! K<! Wi<K<EJC! <E! IC!
JAUDAC! , - g!KA<EF>!NICIi<FD==AYE!F<!IC!ViK=>KAFCF!<l!B<=CE/KB>!B 1KIBW>{ICEJ<!<E!IC!
I<=DW<@C=AYE!F<!={DF>KIW<KCF>K+!!

Figura 12. )>EJi\?D=AYE!<E!<I!]C=1>{!F<!i<=>?>!F<!|>K! B<=CEKB>K!CK>=/CF>!C!I>K!
Wi>=<K>KIF<!i<=>?0>10BA=>!F<! [AFi>=C(?Di>K+!
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80

20
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Fuente:! 1927 " ¢! $tg! 1FVCE=<F! %<K<(V>4)! 2CECU<B<EJ! CEF! /EUAE<<@EUg! K<=>EF! <FNi>Ey!
=[CWI<@'Lg!"EJi>FD=U>EN>!/E [CE=<F!&AN%<=>V<{X+!: ; , o4
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1.3.1. <&'/+""">8+ )4+ S/ +6'+5)54)0$ #$/ 2+@$8, ' /IFG<ECT<IUGCVAIC=A>ECIICKAKHF>!
=>E! VCW>f! ]D<! F<KCHE=>IICF>! <E! ) CECFig! =>B>! DEC! VCHUCEI<! J<=E>IYUI=C! F<! IC!
IEX<==AYE!=>EV<E=}>ECIF<IVCW>QIWCIC! XC=ABAKEI>KIK> B <g>K! F<IW<J§YI<>HEBY VA1 OC!
J<=E>I>UPC! - 1R " g!W>0! KDK! KAUICK! <E!HEUIT Kg! ID<! WE>WD<KJ>! W>g! 7DII<@! <E! , 8Q , 2! <E!
<KJ<!WE>=<K>! F>KIW>b>K! [>b>EJCI<K! K<! KiaCE! =<g=C! F<!|IC! 2CK<! F<!IC! |>8BC=AYEy!
K<WCACF>K! DEC! FAKICE=AC! CWE>hABCFC!I <EJi<! , =1X! G ; Wi<K®I DE>! <E=ABC! F<il >)i>+ /1!
W>b>! KIDCF>! <E! IC! WCAl<! KDW<gt>(! f<WI<K<EIC! <l EEX<=J>§! C! JICVIK! F<I! =DCI! K<!
KDBIEIKIIC! F<! BCE<GC! =>E}EDC! <l VCW>gg! W>@! >JiC! WChi<g! <! W>b>! AE]<ai>f!
=>(i<KW>EFA<EI<! CIlW>b>1We>FD=J>fg! W<dBA<! <hJiC<B!I>K! JIDIF>K! cD<! F<K=h<EF<E!W>{!
<]<=I>! F<!IC!K<Ug<UC=AYE! UGCVAIC=I>ECII F<!I>K! JIDIF>K! U<E<ACFCK! W>§!IC! =i BCAC! F<!
VCW>fg! [CKICHICK![C=AMFCF<K!<E!KDW<{]i=h<:! /ENC! JUDGC! , Gy!K<!Wi<K<EJC!DE!<KcD<BC!
F<IIWE>=<K>!F<IFA<ECT<IUACVAIC=E>ECICKIKIF>1=>EIVCW>+

Figura 13. /KcD<BC!F<!IDE!W{>=<K>! 1R " +!

W S
1~y 0\

Steam/NCG
njector Well

w
hS

Infill Well

Schematic only. Not to scale.

Fuente:! 2/R! /#/%R4+ _)<CB! 1KKIKI<F! RECVAX! =(CAECU<g! J<=[E>I>UX! J>!
i<=>V<(!?NDB<E!]i>B! J[<!>All KCEFK#! x/E! IPE<Cy e%<=DW<(CF>! <l :G! F<! CU>KJ>! F<! - ;,N#!
" IKW>EA?I<I<E![IWjtt B 1 1+B<U<E<(UX+=>Bt>W<iCH>EKtKI<CB\CKKAKI<F\UICVAIX\FICAECU<\KCUF!

G! 7 ($0/%q! %t 24! 2)#17¢! R+ _+1 CEF! 0&g! 94! 4g! $[<><I=Cll KIDFA<K! >E! J[<! UGCVAX! FICAECU<! >]!
[<CVX!'>Al' FDGAEU! AE\KAD! KI<CB! [ <CHEUg! ) CECFACE! H>DGECIH! ) [<BA=Cll! Z/EUAE<<@AEU! Z8e-fy! -ZZs-L ;+!
,8Q,1!
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OC! J<=E>I>UPC! _1R ™! =D<EJC! =>E! iBW>{JCEJ<K! V<EICICK! =>E! (<IC=AYE! C! >J§>K!
B 1I>F>K!10BA=>Kg! F<?AF>! C! cD<! [C=<! DK>! F<! DEC! Wi>Wi<FCF! F<K]CV>{C?I<! <E!
Wi>=<K>K! F<IEX<==AYE!F<!VCW>{! =>EV<E=A>ECI! =>B>!l>! <K! <|l >V<@FAEU! >! CK=<EK>!
ECIDECH F<Il! VCW>(! F<! CUDCqg! ]CV>(<=A<EF>!IIC! ]>@BC=AYE! F<! DEC! =1 BC(C! F<! CliC!
J<BW<{CIDIC!<E!<I'XC=ABA<EJ>(!]AUDIC! , -¢!=ClI<EJCEF>!<Il [AF#>=C@?Di>!KADCF>!<E!KDK!
Clli<F<F>i<KIXIW>(! <]<=J>! F<!IC! i<FD==AYE! F<! VIK=>KAFCF! F<|! BiKB>! CW>XCF>!<E!IC!
UBCV<FCF!=>B>!B<=CEKKB>!F<!=>EFD==AYE!F<!|>K!]IDAF>K!CI!W>b>!Wi>FD=]>(!KNDCF>!
<ENICK! Wi>hABAFCF<K! F<!IC! ?CK<! F<!IIC! |>0BC=AYEg! =>EJih?DX<! C!IC! <hJiC==AYE! F<!
=DF>KUEB Y VAI<K!C!=>EF:=A>E<KIEA=ACI<K!F<IXC=ABi<EJ>t!

Figura 14. /KcD<BC!F<IDEIWf>=<K>! . 1R " 4!
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!

Fuente:! ) 9/#Rg! Ot 1KK<KAEU! CEF! iBWi>VAEU! KI<CB\CKKAKI<F! UICVAX! FICAECU<z! f<K<{V=>Ap!
[<J<8>U<E<hi<Kg! [XFACDIk=!]AC=ID§<Kyg! CEF! B>24WXI=>EJ§>II]>CBK+ 3 [H>K>W [4=Cl! = >=J>4CII$ [<K<K+!
- JCE]>(F! (EAV<@KNX+!: ; ;84!

!

!

1.3.2. M/B"##)C/" ##6)#+" 0™ ?2+@%¢," OC! AEX<==AYE! =P=|i=C! <K! DEC! VCECEJ<!
J<=E>IlYUI=C! F<!ICHAEX<==AYE! F<! VCW>{! X! I<Wi<K<EJC! DEC! F<!ICK! CWik=C=A>E<K! F<!IC!
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JI=EA=C! B 1K!<BWI<CFC! F<?AF>!CIKD! i<ICIV>1?CT>1 =>KJ>I XI <]<=JVAFCF! <E! <|l! fl<=>7§>!
F<I[AFE>=C{?Di>K+! . D! CWik=C=AYE!=>EKJC! F<!Ji<K!I <JCWCK! XIWCAC! <li>!K>E! <BWI<CF>K!
I>KIBAKB>KIW>b>KIW{>FD=J><KIWCAC!li<VCO!C!=C?>NCIHEX<==AYE!F<|!IVCW>(:!

OC!WiB<@C! <JCWC! F<E>BAIECFC!EX<==AYEg! =>EKIC! F<|! KDBAEAKJ{>! =>EJIED>! F<!VCW>{!
<E! DE!' W<@>F>! cD<! >K=AIC! <EJi<! ,! X! G! K<BCECK+! 3>KI<{@>iB<E]<! K<! Wi<K<EJC! IC!
<JCWC!F<!i<B>T>I<E!NC!=DCIlK<!=k<(iC! <ltW>b>! <EJi<!G! X! ZI FPCK!=>E! <[ }E! F<! W< BA}{!
IC1JACEK]<@<E=AC! F<I!=CI>@!KDBAEAKIGCF>!CHIC! |>¢B C=AYE!X!I>U(C{! DEE=(<B<EJ>I<E!|C!
J<BW<{CIDAC! F<!I>K! JIDAF>K! X! CKP! =>EJiA?DAd! C!IC! FAKBAED=AYE! F<!lIC! VAK=>KAFCF! F<I!
=iDF>t! _IECIB<EJ<q! <l ==|>! =>E=IDX<! =>E!'IC! <JCWC! F<! Wi>FD==AYE! cD<! K<! WD<F<!
<hJ<EF<{! <EJi<!L! B<K<K!X!DE! Ck>+ZE!C! ]\UDIC! , Z! K<! <KcD<BCHbC! <t Wi>=<K>! F<!
AEX<==AYE!=P=|A=CIF<IVCW>(}+!

Figura 15. /KcD<BC!F<lIWi>=<K>IF<WEX<==AYE!=P=li=C!F<IVCW>{+!

Fase de inyeccion Fase de remojo Fase de produccion
(dias a semanas) (dias) (de semanas a mesesl)|

| Arena petrolifera| —
depletada =

Petroleo |
pesado

condensado
(agua caliente)|
¥

-

Vapol
condensado
y petroleo

Zona calentada
nr=

Area calentadapor]
s b

onveccion con
agua caliente S

Fuente: 1051%1 = &g! ™ +1%<=DW<{C=AYEN 1 §BA=C!F<IW<JgYlI<>+) CIC=CK+5<E<bD<ICt!: ; , ;#!
!
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7,9,9," (+2/33(A+"3%+15+4-", /"1-(%)"

OCUEX<==AYE!=>EJEDC! F<IVCW>{!i<Wi<K<EJC!DE!Wi>=<K>!] 1 iBi=>! F<!F<KWIChCBI<EJ>!
CD<!FAKW>E<IF<!DE!W>b>!<h=|DKAVCB<EJ<!F<KAECF>!CICIEX<==AYE+! . DICWI=C=AYE!K<!
li<VC! CI =C?>! C! JAICVIK! F<! WCJI>E<K! U<>B 1Ji=>K! X! C! FA]<(<E=AC! F<!IC! \EX<==AYE!
=P=lh=Cg!lIC! <JA=A<E=AC! F<! ?CliAF>! BC=>K=YWi=C!>!V>IDB 1J@=C!I>UGCFC! CJiCV IK! F<!IC!
IBWI<B<EJC=AYE! F<! <KIC!J<=E>I>UPC! <KI BCX>{g! C! =CDKC! F<!lIC! =>E]AUDIC=AYE! F<!|>K!
W>b>K! F<! Wi>FD==AYE! cD<! ]CV>{<=<E! DEC! B<T>{! FAKJ@?D=AYE! F<I! VCW>{! <E! <li!
XC=ABAi<EJ>+ ZE!IC! JUDEC! , LI K<! <KcD<BCHbC! < Wi>=<K>! F<I{EX<==AYE!=>EJ}EDC! F<!
VCW>(i+!

Figura 16. /KcD<BC!F<|IWi>=<K>IF<WEX<==AYE!=>EJEDC!F<IVCW>(}!

Al iento de Fluid
Producidos {(Petraleo, Gas y Agua)

I
Pozo B —L
Inyector e ll » _i,

T
N o— ' l Bomba para GQuimicos
! l“il.-j:& = W |

a.u[
X ] - 7ona de Agua y .°|
Jodl Vapory Agua Agua Potrolooa It 1
].'.| Condensada Caliente [, " | Temperatura de I...l
I N | Yacimiento s
l' =% = —p =

X

Fuente:! 7/%%4!3/$%&0/ (2!) &231#4!x/E!PE<Cy+ e%<=DW<GCF>!<|l! - LI F<!HDI>!F<! = ; , N+f!
" IKW>EA?I<I<E! [JWjtt?<@iXW<Ji>I<DB+=>Bt!
!

" DACEJ<!DE!Wi>=<K>IF<UEX<==AYE!=>EJ}EDC!F<!VCW>{g!K<!Wi<K<EJCE!<E!<|IXC=ABI<EJ]>!
F<I<@BAECFCK!b>ECKI<E!|DE=AYE! F<llh<BW>! F<UEX<==AYE!X!F<!IC! FAKICE=AC! <EJi<!I>K!
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W>b>K! F<HEX<==AYE! X! Wi>FD==AYE+! ZKJCK! b>ECK!K<! =ICKi]}=CE! <E!C! b>EC! F<! VCW>{!
KNDCFC! <E! IICK! AeEB<FIC=A>E<K! F<i! W>b>! AEX<=]>fg! <lI! ?CE=>! F<! K>IV<E)<!
=>{<KW>EFA<EI<ICH>KIV>I 1 Hi<K!=>EF<EKCF>K!<E!b>ECK! B 1 K!|iPCK! F<I'XC=ABA<EJ>(!IC!
b>EC! F<! CUDC! =Clki<EJ<! |>BCFC! W>! IC! WIGFAFC! F<il =CI>@! ICI<EJ<! F<l! VCW>{! F<!
AEX<==AYE(!<I! ?CE=>!F<IC=<N<!]#>! XI|AECIB<EJ<!IC!b>EC! |IDAFC! F<!XC=ABI<EJ>!>!b>EC!
CaERECI<GCFCIW>{!<lIWi>=<K>!F<UEX<==AYE#!

!

/E!CIUDEC! , Ng!K<!<KcD<BCIbCE!NCK!b>ECK!Wi<VICB<EJ<!B<E=A>ECFCKy!CKP!=>B>!<|!
W<@AF<l<BW<{CJDAC!CI=CEbCF>!<E!=CFCIDEC!F<!<llCKg!<VAF<E=A1 EF>K<!=>E!=ICFCF!
cD<IICK!BCX>(<K!J<BW<(CJDICK!<E!<I'KiKI<BC!K<!CI=CEbCf 1 E!<ENC!W<[#]<@C!F<l'W>b>!
AEX<=]>{4!

!

Figura 17. 3<{Ji! F<!l<BW<@CIDIC! X! KCIDAC=AYE! F<! C=<k<! VK! FAKICE=AC! <EJi<! W>b>K!
AEX<=J>{!XIWG>FD=J>(+!

[9] Perfiles de Temperatura y Saturacion
Tv
Temperatura | !+ A:Zona de vapor
* B:Banco de solvente
! Tyto -----------------------------
i + C:Zona agua caliente
| + D: Banco de aceite frio
B . + E: Zona fluida yacimiento
% Saturacion de aceite
| Soi
Sor - ' i :
Distancia desde el pozo inyector al pozo productor

Fuente:! 1927 " ¢! $tg! 1FVCE=<F! %<K<(V>4)! 2CECU<B<EJ! CEF! /EUAE<<@EUg! K<=>EF! <FNi>Ey!
=[CWI<@!Lg!"EJF>FD=U>EN>I/E[CE=<F!&A%<=>V<X+!: ; , - 1!
!
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OCK! =>EFi=i>E<K! F<! Wi<KAYE! X! I BW<GCIDIC! CI=CEBCFCK! <E! DE! Wi>=<K>! F<! f<=>7§>!
=>E! VCW>§! K>E! DE=AYE! F<! ICK! JCKCK! F<! kEX<==AYE! X! F<! IC! Wi>]DEFAFCF! F<! IC!
>0BC=AYE!IF<IEI<§ 1 K+ 2CX><K!Wi>]DEFAFCF<KgICFD=AFCKI<E!WI<Ki>E<K! B i K!CIICK!C!
=CDKC! F<! IC! =CBUC! W>KJiJh=C! F<! ICK! |>8BC=A>E<K! KDWICXC=<EJ<Kg! =>Ell<VCACE! C!
IE=f<B<EJ>K! <E! ICK! Wi<Ki>E<K! F<! IEX<==IYE! WCHC! I>UGCA! AEJG>FD=Ag! <I! VCW>g! Cl!
XC=ABI<EJ>IXI=CI<EJCAI<I!IDIF>IF<UEI<E I Kg! <IW<IGYI<>+11

!

1KP! BIKB>!KDBIEKIICH BCX><K!V>laB<E<K! F<!JIDIF> F<UEX<==Y Egl§<KIBEUIF>KIW>(!
IC! =CWC=AFCF! F<! JiDT>! F<!IC! ]>8B C=AYEg! U<E<GCRi | CDB<EJ>K! <E!ICK! Wi<Ki>E<K! <E! <I!
I <li?>(<! cD<! G<Wi<K<EJCOiE! F<! C=D<@F>! Cl! FICUICBC! J<iB>FiEiBi=>! 3! VK! Oy
§<IC=I>ECF>! <E! IC! JUDGC! , Qg lE=A<B<EI>K! <E! IC! J<BW<GCIDIC! F<! KCIDGC=AYE! F<i
VCW>lg! JCV>C?U<! WCEC! I>UGCA! DEC! B<E>f! VIK=>KIFCF! F<il C=<d<gl W<g>!
{E]>BIDECFCB<EI<! <K<! {E=§<B<EJ>! <E!IC! I<BW<GCIDAC! C! =CDKC! F<! Wi<Ki>E<K! BiK!
CICKg! 6<FD=Ki ! IC! <EJB<UC! F<! =CI>f! ICI<EJ<! Cl KAKI<BCy! W>f! I>! =DCl! Wo<KE>E<K! BDX!
<I<VCFCKIWD<F<E!K<f!=>EJiCWi>FD=<EJ<KIWCAC!ICI<]<=JWAFCFIF<IICI 1 =E}=C+1!!

!

ZKIW>! <li>! cD<! <EJi<! ICK! Wi>Wi<FCF<K! B iK! §<I<VCEJ<K! WCAC! IC! CWH=C=AYE! F<!C!
IEX<==AYE! F<! VCW>0! =>B>! BII>F>! F<! f<=>?0>! J1iBi=>! <E! WHB<AC! EEKICE=IC! K<!
<E=D<EJIC!IC! Wi>]DEFAFCFg! XC! cD<! <KJC! §<Wi<K<EJC! DEC! INBAICEJ<! JPKi=C! F<?4F>1C!IC!
B<IC=AYE! FAi<=JC!<EJB<!ICK!W 1 0FAFCK! F<!=CI>(! cD<!K<!J<EFGPCE!<E!<IKIKI<BC!F<?4F>IC!
IC! BCX>8! FAKICE=AC! cD<! F< < ! f<=>(3<a! <I'VCW>§! C1JBCV I1K! F<ilW>b>! [CKIC! =>EJC=JCf!
JECIB<EI<NC!]>IBC=YE+!!

!

1 Fi=t>ECIB<EJ<gNICIW<KAYE!CIWE>]DEFAFCF<KIKDW<B><K!CIGZ ; ; IIIWD<F<!=>Eli<VCi!C!
cD<! <|1 IDAF>! F<HEX<==AYE! K>?8<WCK<! <l WDEJ>! =gPli=>16G - ; ;! WKAfy! I>! cD<! §<W<f=DJ<!
<E!DE!Wg>?I<BC!WCACHIC!I 1 =EA=C! F<?4F>1C! cD<!<E! <KIC!=>EFk=AYE! E>!K<! <E=D<EJiCE!
F<]AEAFCKICK!]CK<KIICDAFCIEMUCK<>KCyIW>01<EF <g! E>IK<IW>FPC! =CI=DIC}!=>E!=ICHFCF!
<I1=CI>f!cD<ICW>RICHC!=CFC!|CK<!F<INIDIF>IF<UEX<==AYEgl=>B>!=CI>f!K<EKI?I<!XI=CI>{!
ICI<EJ<g!ClCIF>=CIX!]IDIF>KIWG<K<EJ<KI<E!<IIXC=ABIE]>+!
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Figura 18. "ICUICBC!F<!Wi<KAYE!VK!<EJCIWPCIWCEC!<I'CUDCH!

1002c  2002c  (3002C) 400°C
14500 7 >
( ' " \_  Condiciones supercriticas

— G: 0.433 [psi/ft]

1450 |l } ,,,,,,,,,, L/’, ,,,,, AV N \ ,,,,,,,,,,,,,,,,,,,,,,,
@00 | : :

E Profundidad
= 3000 [ft]
6 Q[ ~ ; : , ,
) =S N L Lo R L | W B N e
g 1 : AR
a Profundidad
Agua 20% 40% 60% 80% 700 [ft]
147 |- ) - - L /O { —————————————————————————
// : '\i
,}" | ’
. . |
0 1000 2000 3000 4000

Entalpia [KJ/Kg]

Fuente:! .$/12!13%& " () $'&#!) &231#4!x/EPE<Cy+ e%<=DW<CF>!<|! ,NIF<IHDI>IF<! - ; , N#f!
" IKW>EA?I<I<E![IWKjtt B 1 B+KI<CB\>kk=>Bt!

!
1KP! BIKB>!=CC=J<{PKI:=CK! F<I' XC=ABI<EJ>!=>B>! <|l <KKW<K>{! E<]>! F<!|C! |>iBC=AYE! X!
WO>WA<FCF<K! W<Ji>]PKA=CK! JCli<K! =>B>!IC! KCIDEC=AYE! F<! C=<i<! X!IC! W>(>KAFCFy! K>E!
=>EKIF<(CF>K! WCi1B<Ji>K! =ICV<K! WCIC! IC! VCI>IC=AYE! F<! DE! XC=ABi<EJ>! =>B>!
=CEFAFCI>IW>J<E=ACI'WCACNCHBWI<B<EJC=AYE!F<!ICUEX<==AYE!F<!VCW>(!=>B>!B 1 )>F>!
F<li<=>?0>B<I>(CF>+!) >E!<|'AE!F<!<VCIDCi! <l F<K<BW<k>IF<!C!J 1 =EA=Cq! DE! =A< {h>!
F<! B<FA=AYE! <BWI<CF>! WCAC! =DCEJM]A=C(! IC! <]i=A<E=AC! F<liIl Wi>=<K>! <K! IC! (<IC=AYE!
C=<N<\VCW>{!DI>AI'KI<CB!ICI>1e& . %fIW>(!KDK!KAUICK!<EHREUI<K+H ZKI<IWCH T B<Ji>!=>B>!
KD! E>B?(<! I>! eEFA=C! (<IC=A>EC! V>IDB 1i\=CB<EJ<! <|Il C=<AJ<! Wi>FD=AF>! X! <|! VCW>(!
lEX<=]JCF>#! _ <I=>EKAF<{C! DE! VCI>(! F<K<CF>g! DEC! BCUEAIDF! F<! & . %! BCX>{! C! ;+:zg!
S?I<EAR>! <E! Wi>X<=J>K! <hi>K>K! =>B>! [>! <K! <[l =CBW>! w<{E! %AV<{y! KADCF>! <E!
) Cl]>0EACY! /KICF>K! (EAF>K™#!!

1108y +9<CVX1) IDF<!&AIIYh<=>V<iX+#1$&! 1FVCE=<F! _ IDFXI"EKIIDI<!>EI9<CVX!) IDF<! &Alli<=>V<iX+!
$DACDACy!, 8Q-+!
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/E!C!AUDEC! , 8ICIK<IWi<K<EIC!<lI<]<=]>!cD<!I<E<!<|'WCi1 B<Ji>! . >d I <E!NC!(<IC=AYE!
C=<N<tVCW>({#! . <!<VAF<E=/C!cD<!=>E]>iB<!BCX>{(!K<C!ICIKCIDEC=AYE! F<!C=<N<IXt>!IC!
W>(>KAFCF! <E! <l XC=ABA<EJ>g! K<! |>U@Ci1E! BCUENDF<K! BCX>(<K! F<! IC! §<IC=AYE!
C=<N<tVCW>({#! 3> >JiCIWChI<g! <ENIC! JAUDEC! , 8! ?fIK<!<VCllaC! <l <]<=J>! cD<!I<E<!K>?(<!
<IN & - %q! <l <KW<K>{! E<]>!e[ef! F<!IC! |[>BC=AYE! X! K<! >?K<{VC! cD<!=>E]>(B<! BCX>({!
K<C! <! #$Rq! K<! >?J<EF@I E! <E! <l Wi>=<K>! BCUEADF<K! BCX>(<K! F<! & . %! I>! cD<!
I<Wi<K<EJC!DEC!=>EFA=AYE!]CV>C2I<IWCAC!<Wi>=<K>+!

Figura 19. /]<=]>!F<!C!KCIDIC=AYE! F<!C=<A<dW>{>KAFCF!e . >d I fIXI <KW<K>{ig! K>?{<!|C!
i<IC=AYE! . &%¢!!

S ¢ Espesor
3 0 14
’ “d=h=45 ft
=5 0f=0.0825 &
1.2 #¢ ==h=90fr
2.5 “@=S0f=0,165 {
h=180ft
Sof=0.33 1 %
2 By
o« o« 08 i\
Q 15 \ Q A,
. 06 T — %
’ ?ﬁ.\\ ) 0.4
0.5 T\ . .
0 0
0 10 20 30 0 10 20 30
Tiempo (afios) Tiempo (afios) |

Fuente:! .$1# &%"™! (#'5/%."$4+ $[<IBCI &Ml %<=>V<iXq! .IJCE]>IF! 3§>UICB! IE! /E<GUX!
%<K>Df=<K!/EUNE<<G@EUg! 1U>KJ>g! z 5, N+!

!

_AECIB<EJ<g! IC! JAUDGC! : ;! Wi<K<EJC! DEC! U@ J4=C! cD<! @<IC=A>EC! I>K! WC@1 B<Ji>Ky!
(<IC=AYE! C=<K<tVCW>(! C=DBDICFC! VK! _>d¥d[et[,g! F>EF<!e[;f! I<Wi<K<EIC! <l <KW<K>{!
J>JCliz! IC! =DCIl' AE=>(W>(C! I>K! Wi>X<=J>K! F<! AEX<==AYE! F<! VCW>{! li<VCF>K! C! =C?>!
<hi>KCB<EJ! <E! FAV<{K>K! =CBW>K! F<il BDEF>t! =<! CliP! K<! WD<F<E! <hJiC<{!
=>EF=A>E<KIWE>WA=ACK!WCAC! DECIW>KA?I<ABWIK B<EIC=AYE! F<!ICH 1 =EA=C! =>B>!|>!K>E!
BCUEADF<KIF<! _>d1d[ et [sKDW<@>G!C! ; +, - IXI<IC=A>E<K!& . %!'KDW<@#>(<K!C!;+:+!
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Figura 20. "iCUICBCIF<!Wi<KAYE!VK!<EJCIWPCIWCEC!<I'CUDCH!

Fuente:!#"M! /! 2 11>F>KIF<!§<=>?(>!B<I>CF>j!"EX<==AYE!F<!VCW>({+! ( EAV<(KAFCF!"EFDKJBCIIF<!
- CEJCEF<{+!7D=CiCBCEUC+) >I>B?iC+! z ; ,N+!

1.4. SELECCION DE UN CAMPO DE CRUDO PESADO PARA LA
APLICACION DE LA INYECCION CONTINUA DE VAPOR COMO METODO DE
RECOBRO TERMICO

)>E! 2CK<! <E!ICK! CWH=C=t>E<K! WCAC! ICK! =DCI<K! ICK! J1=EA=CK! F<! f<=>?0>! B<I>{CF>!
B<E=I>ECFCK! [CE!KIF>IF<KCHi>IICFCKyl<KIW>KAPI<I CIWCAIA! F<E]>6B C=AY EIW<Ii>]PKi=Cy!
WE>WA<FCE<K! F<! I>K! JIDAF>K! X! =CAC=J<@PKH=CK! F<il XC=hBI<EJ>g! <VCIDCH! F<! ]>0BC!
J<Y@=C! WCAC! =DCJ§>! =CBW>K! F<! =jDF>! W<KCF>! =>{>B2iCE>Kg! IC! VIC?HAFCF! F<! IC!
BWI<B<EJC=AYE!F<NCUEX<==AYE!IF<IVCW>§!=>B>!B 1I>F>1/ &%:!

!

1! =>EHEDC=HYEG! K<! Wi<K<EICE! ICK! U<E<@CIFCF<K! F<! I>K! =CBW>K! F<! =iDF>!
WESWD<KI>Kg! =><KW>EFAEI<K! Clt =CBW>! %D 24CI<Kg! ) [4= [AB<E<g! 0C! )AC\"E]CEICK! X!
$<=Cz! CKP! =>B>! DEC! KPEJ<KIK! F<!ICK! WE>WA<FCF<K! X1 =CIC=J<GPKJI=CK! B i K! §<I<VCEJ<K!
F<!=CFCIDE>!F<!I<li>K!
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1.4.1. D+>=@$" 1.%)+6"5°" /Il =CBW>! %D?iCI<K! K<! <E=D<EJiC! KWDCF>! <E! <I!
F<WCEICB<EJ>! F<iil 2<]C! X! ClI KD<KI<! F<!IC! =D<E=C! F<!I>K! OICE>K! &@#<EJCl<K#! _D<!
F<K=D?i<@J>!<E!, 8Q, !W>{!IC! =>BWCkPC! Zhh>E! C! JICV IK! F<!C! W<{]>(C=AYE! F<l! W>b>!
%D?4CI<K\, +! ZE! <l Ck>! - ;; Q! IC! >W<@C=AYE! F<l! =CBW>! <K! CKDBAFC! W>{! 3C=A]}=!
%D?4CI<K! ZE<GUX! ) >iW>(ICH>E! =>E! DEC! Wi>FD==AYE! F<! ,N+; ; ; I 2COAI<K! F<! W<JaYl<>!
W>{! FPC!XTI>UQCIKD!Wh=>1 F<!W@>FD==AYE!<E!<lICk>! : ; , GICI'WG>FD=A! - , ;+; ; ;! ?CAGAI<K!
F<IW<J@YlIi<>W>{!FPC+/ENC!C=IDCIRFCFg! C!WCAHK! F<I'WIAB <@>!F<!TDIB>IF<! - ; , Lg!F<?iF>!C!
IC! =DIBAEC=AYE! F<! I>K! =>EJiCI>K! F<! WCGI=AWC=AYE! KD?KAFACBAC! <EJi<! IC! /7 BWi<KC!
) >I>B?ACEC!F<!3<iYI<>KIX!3C=A]A=1%D?4Cli<Kg!/=>W<]Ji>I! CKDBAY IIC!>W<(C=AYE!FAi<=JC!
F<i) CBW>!%D?4ClI<K+!

/ZE! IIC! JC?IC! G! K<! Wi<K<EIJCE! ICK! Wi>Wi<FCF<K! W<Ji>]PKi=CKg! F<! I>K! JIDAF>K! X!
=CC=J<@PK}=CK! F<il XC=ABI<EJ>! BiK! {<I<VCEJ<Kg! K>?0<! <! =DCI! K<! <hJiC<! IC!
WE>FD==AYE!F<il=CBW>!%D?ACl<K#!

Tabla 3.! 3(>Wi<FCF<K! W<J§>]PKA=CKg! F<!I>K! JIDAF>K! X! =CC=J<@PKI=CK! U<E<{Cl<K! F<I!
XC=ABI<EJ>!F<|I=CBW>1%D?AClI<K!

Propiedad Magnitud Unidad
3>(>KIFCF! ,QIsIG;! P!
3<(iB<C?4hFCF!! Gz ;! B*-!

- CIDEC=AYE!F<IC=<A<! NZN\I-:1 p!
30<KLYE!F<!?D§?DIC! Q;! 3K
3(>]DEFAFCF! IN; ;! _
/KW<K>QIE<]>! AV | )
30<KAYE!XC=ABI<EJ>! ,.N;! 3K
$<BW<{CIDACUHEA=ACI! ,=Z! q!
7>! ,45,G! %7t.$7!
R&%! Z! D _t.$7
ROCV<FCF!13"! , 22! q13"!
5iK=>KiFCF!¥,Z;q_! GNZ! =W!
ZKW<K>QIE<)>! I AUk _

Fuente: R*™2/71 2+ 1E1IKKK!IX!=DCEJ}A=C=AYE!F<ICKIE=<@AFDB ?@<K!U<>IY Uk=CKIX!F<IEU<EA<GPC!
<E!DE!K<=)>{!F<I'=CBW>!%D?4Cl<K+ ( EAV<@KAFCF!"EFDKJ}CIIF<! . CEJCEF<(#!: ; ; 84!

> 31" D' %(7'10/ . /#/%RA! 2/313/3%&0/ (2! ) &%3+! _HNi<K! >! [AKISCK! F<! W>b>! =CBW>!
%D?MClI<K+! - ; ; 84!
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7,E,8,' D+*@$' DF)#F)*"/"" /Il =CBW>! ) [=[IB<E<! F<K=D?k<f)>! <E! ,8L8! X!

>W<{CF>!<E!C! C=JDCIKFCF!W>{!IC! / BWi<KC! ) >I>B?A\CEC! F<! 3<JiYlI<>K! /) &3/ $%&0!

-1 <KIn!>=ClbCF>! <E! <l F<WCHCB<EJ>! F<|! B<ICy! KNDCF>IK>?{<!IC! =D<E=C! F<!I>K!

OICE>K! &@<EJCI<K! X! K<! <hJi<EF<!<E!DE! 1(<C! F<! , 8! BAlICK! =DCFICFCK#! ZlIl W<JfYl<>!

SMAUAECH <E!'KAE>! <KIF<!CWi>hiBCFCB<EI<! - Z ; | BAII>E<K! F<!?CliiAI<K! X! KD! Wi>FD==AYE!

WE>V<EA<EJ<! F<! |CK! ]>@BC=A>E<K! RDCFCIDW<! X! . CE! _<@ECEF>! <K! =<(=CEC! C! I>K!
>15 5 5 12CH0NIKKIF<IW<J@Yli<>IW>Q!FPC+™

/E!IC! JC2IC! -1 K<! Wi<K<EJCE! ICK! Wi>WA<FCF<K! W<Ji>]PKi=CKg! F<! I>K! ]JIDAF>K! X!
=CAC=J<@PKI=CK! F<l! XC=ABAI<EJ>! BiK! (<I<VCEJ<Kg! K>?(<! <l =DCIl K<! <hJiC<! IC!
W>FD==AYE!F<iI=CBW>!) [}=[}B<E<+!

!
Tabla 4.! 3§>Wi<FCF<K! W<J§>]PKi=CKg! F<!I>K! JIDIF>K! X! =CAC=J<GPKI=CK! U<E<GCI<K! F<I!
XC=ABI<EI>IF<il=CBW>!) [i=[AB<E<!!

Propiedad Magnitud Unidad
3>(>KIFCF! QN!:G! p!
3<(iB<C?4hFCF! G;ls!, 255! B*-!

- CIDEC=AYE!F<IC=<A<! N:! p!
30<KAYE!F<!?D§?DIC! L;;! 3KA!
3(>]DEFAFCF! L;;;! _
/KW<K>QIE<]>! :Z,! )
30<KAYE!XC=ABI<EJ>! :L;;! 3KA!
$<BW<{CIDIC!XC=ABI<EJ>! Q3! q!
7>! ,HiN! %7t.$7!
0%K! G;;! Dt
RICV<FCF!13"! NI, 5! q13"!
5K=>KiFCF!r,Z;} ! ,Z;NIN; ;55! =W

Fuente:!0&3//!H! <JICIH 36>FD=EU!<hJiC! [<CVX!>HI]i>B0ICE>K! 7CKIEG) 1> B 24Cg [#>DU[!
W@>UB<KKAV<!=CVAXIWD BWK!CEF!<I<=J§=!KD? B <gKi?I< WD BWKj!=CK<!KIDFXUE!) [=[{B<E<!]i<IF+!
- 3/19<CVXICEFI<hJiC! [<CVXI>HI=>E]<i<E=<+) >I>B24C! s -1s!: LIF<! . <Wh<B2f<t!: 5 , 4!

1083 /g1 ) 91 (- $%/g! 149 21%"#g! )+ 33>FD=AEU! <hJiC! [<CVX! >Hl! [i>B10ICE>K! 2CKAEg!H) >I>B 24Cq!
J[6>DU[!Wi>Ug<KKAV<! =CVAIX! WDBWK! CEF! <l<=J3i=! KD? B<gKi2I<!WDBWKj! ) CK<! KIDFXIE!I[<!) [i=[IB<E<!
JI<IFHO<CVXICEF!<hJiC! [<CVXI>HI=>E]<i<E=<t . >=h<IXI>]!3<Ii>I<DB!/EUE<<(K: ) SI>B2ICH - 5 , -+
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1.4.3. D+*@%' G+' D)&+" H' A/1+/4+5," OC! DMC\"E]CEICK! <K! DE! =CBW>! KNDCF>! <E!IIC!
=D<E=C! F<l! 5Cli<! 2<Fi>! F<l! 2CUFCI<EC! <E! IIC! TDMKFA==AYE! F<I! BDEA=AWA>! F<!
7CHICE=C?<{B<ICt /K! <l =CBW>! B1K! CEAUD>! F<lt WCPK! X! |D<! F<K=D?4<f>! W>{! IC!
$O>WA=CII' &Al' ) >BWCEXg! JHACI! <E! )>I>B?iC! F<!'IIC! _JCEFCHF! &AHjg! C! JICVIK! F<!IC!
W<({]>0C=AYE!F<I'W>b>!"E]CEJCK!:I<E!, 8, Q! ZIIWi=>!F<IW(>FD==AYE!K<!>?]DV>I<E!<|!ICk>!
F<!,8G8!=>E!DE!|IDT>!FAC#>!F<!CWi>hABCFCB<EJ<IL ;+; ; ; 1 ?CHfAI<K! F<IW<)fYli<>+! ZE!C!
C=JDCIFCF! OC! )MC\"E]CEJCK! <K! >W<(CF>! =>EIDEJCB<EJ<! W>{! /=>W<J§>ll _+1+ X!
&==AF<EJCIl LEFAEC! XIK<! F<KCI>IICE! <E!<l'=CBW>!W{i>X<=)>K! F<!j<=>?(>!K<=DEFC(}>!
cD<ICHIC! |<=[C! W<(BA<E! DEC! Wi>FD==AYE! F<! —;+; ; ;! ?COfMI<K! F<! W<J0Yli<>! W>(! FPC!
e/=>W<Ji>lg:- ; , Nf+!

/E! IC! JC2IC! Z! K<! Wi<K<EJCE! ICK! Wi>Wi<FCF<K! W<J@>]PKi=CKg! F<! II>K! JIDAF>K! X!
=CAC=J<@PKI=CK! F<l! XC=ABA<EJ>! BiK! (<I<VCEI<Kg! K>?(<! <l =DCIl K<! <hJiC<! IC!
Wi>FD==AYE!F<|I=CBW>!0C)AIC\"E]CEICK+!

!

Tabla 5.! 3(>Wi<FCF<K! W<J§>]PKA=CKg! F<!I>K! JIDAF>K! X! =CC=J<@PKI=CK! U<E<{Cl<K! F<I!
XC=ABA<EI>IF<I=CBW>!0C!) {iC\"E]CEICK+!

Propiedad Magnitud Unidad
3>(>KIFCF! ool p!
3<(iB<C?4hFCF! 87! B*-!

- CIDEC=AYE!F<IC=<A<! 77! p!
30<KAYE!F<!?D§?DIC! ,IN;! 3K
3(>]DEFAFCF! G;N;! _
/KW<K>QIE<]>! :8;! )
3<KAYE!XC=ABI<EJ>! .23 3K
$<BW<{CIDIC!XC=ABI<E]>! ,32Z! q!
7>! ,4;0! %7t.$7!
0%K! ,Q,! D _t.$7
RICV<FCF!13"! ,LN\I-Z! q13"!
5K=>KIFCF!r, ; ;q_! ZQ! =W

Fuente:! 2 (~&"¢! 0+g! -CEICBCEPCy! -+g! ZVCIDC=AYE! F<! I>K! B1J>F>K! F<! =>EJ)§>Il F<! Ci<EC!
IBWI<B<EJCF>K!I<E!<|I=CBW>!IC! ) HiC!"E]CEJCK+! ( EAV<@KAFCF!"EFDKJ@ACIF<! . CEJCEF<{#!: ; , Lt!
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7,E,E,' D+*@%$' 1"#+," $<=C!<K!DE!=CBW>!KADCF>!<E!C! =D<E=C! F<|! 5Clli<! 2 <Fi>! F<||!
2CUFCI<EC! I>=CllbCF>! <EJi<! I>K! IPBAN<K! F<! [>K! F<WCHCB<EJ>K! F<! 1E}>cDIC! X!
7>XC=iit! "<K=D?i<@>! <E! ,8LN" W>{! IC! $<hCK! 3<)i>I<DB! )>BWCEXg! $<=C! <K!
F<=ICICF>!=>B<{=AClIIK>I>! = ; ICk>K!I F<KWD IK+! ZE! , 8QL!K<!i<CIbC! <I!WiB <! =A=I>! F<!
IEX<==AYE!F<IVCW>{! X!K<!>?)DV>IDEC!WI>FD==AYE!F<!, Qt; ; ; ! ?CAOAIKK! F<IW<J@YlI<>1W>{!
FPCle7 &3 ™ f+1 /ZEI<|!Ck>IF<!, 888! ED<V>KIWi>X<=)>K! F<UEX<==AYE!=P=|=C!W<(BA<{>E!

SW<ACF>IW>RIIC B C! &==AF<EICI! 3<Ji>I<DB!XIKDIWE>FD==AYE!<KIF<!, Z; ; 167 &3 " f1 /!
]C=I>0IF<li<=>?4>ICIC!]<=[CI<KIF<l!, Zp+"

/ZE! IIC! JC?IC! L! K<! Wi<K<EJCE! ICK! Wi>Wi<FCF<K! W<Ji>]PKi=CKg! F<! I>K! JIDAF>K! X!
=CC=J<@PK}=CK! F<il XC=ABI<EJ>! BiK! {<I<VCEJ<Kg! K>?0<! <! =DCI! K<! <hJiC<! IC!
Wi>FD==AYE!F<!'=CBW>!$<=C+!

Tabla 6.! 3(>Wi<FCF<K! W<J§>]PKA=CKg! F<!I>K! JIDAF>K! X! =CC=J<@PKI=CK! U<E<{Cl<K! F<I!
XC=ABI<EJ>IF<|I=CBW>!$<=CH!

Propiedad Magnitud Unidad
3>(>KIFCF! Q! p!
3<(iB<C?HhFCF! Q; ;! B*!

- CIDEC=AYE!IF<IC=<i)<! LZ! p!
30>]DEFAFCF! I A V| )
/KW<K>QIE<]>! 32! )
30<KAYEIXC=ABI<EJ>! G;;! 3KA!
$<BW<CIDICIXC=ABI<EI>! , 32! q!
7>! 45! %N7t.$7!
ROCV<FCF!13"! , 112! q13"
5iK=>KAFCF! r8Qq_! ,o,LG! =W

Fuente:!%125%/7!0+! . CEICBCPCy! - +g!/VCIDC=AYE!F<IIKiKI<BCIF<!I<VCEIJCBA<EJ>IW>{!
=CVAFCF<K!Wi>U@<KAVCKIWCAC!=(DF>KIW<KCF>K!<E!I>K!=CBW>K!$<=C!X!#Cl<+ (EAV<{KIFCF!
"EFDKJEACIIF<! _ CEJCEF<(#! - ; ; L#!

’ TRIGOS, M., et al. Feasibility study of applying steamflooding in a reservpir with high shale/sand: Teca field.

Trinidad y Tobago energy resources conference. Society of Petroleum Engineers. Trinidad. 2010.
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1.4.5. (&$#"5$' 0" —#&""""/)/>," )>E! ?CK<! <E!'lC! iE]>IBC=AYE! Wi<K<EJCFC! <E! ICK!
JC?ICK! Gg! —g! Zg! X! Lg! cD<! f<=>WAICE! Wi>WA<FCF<K! =>(i<KW>EFA<EJ<K! C! I>K! =CBW>K!
%D?ACI<Kg!) [F=[AB<E<q!OC! ) MC! X! $<=C! f<KW<=JVCB<EIJ<z!K<!<VCIDCii )< Y{=CB<EJ<!
=Dill F<! <li>K! =DBWI<! =>E! ICK! =>EFA=A>E<K! (<cD<@FCK! WCAC! IIC! CWik=C=AYE! F<!IC!
MEX<==AYE! =>EJEDC! F<! VCW>{! =>B>! B 1J>F>! J1iBA=>! <E! <|l! f<=>?0>! B<I>{CF>! F<!
[AF0>=Ca?Di>K+!

3CHC! <li>! <K! E<=<KCi>! I<CHbCH! DE! =>J<I>! <EJi<ICK! WESWA<FCF<K! F<K=(1CKIWCAC!IK!
XC=ABI<EI>K!=>i<KW>EFA<EI<KIC!=CFC!=CBW>g!XICK!KDU<@FCK! F<!C=D<§F>!C!IC! UDPC!
F<!K<l<==AYE!§<]<BFC! <E!IC!JC?IC! Ng! Wi<K<EJCFC!W>(! eOCFAfy - 7 , — %! <I! =DCHl f<=>WAC!
IE]>ABC=AYE! WS VAKIC! W>(! FV<GK>K! CDI>A<K!ICI<K! =>B > R<]]<E!¢ , 8NGF! cDI<E! j<W>{IC!
<KIDFE>K! II<VCF>K! Cl =CBW>! X! <E!IC?>4CI>>2! _Co>De! 1Pt e, 8N—fI X! KDK! =gi<@h>! F<!
K<lI<==tYE!WCHC! Wi>=<K>K! F<IEX<==AYE! =>EJEDC! F<!VCW>(! 2CKCFC! <E! =>(3<IC=t>E<K!
F<! ,L! =CBW>K! §<W>ICF>K! <E! IC! I<§CIDICz! O<MAE! e, 8NLF! X! KDK! CW>(I<K! WCEC!
K<l<==iYE! F<! B 1I>F>K! F<! §<=>?0>! 2CKCF>K! <E! =>EKDW>@PCK! <E! Wi>X<=J>K! /&%!
"X>[>le, BNQFI cDIE!B<W>4)Y IWCHC! Fi<G<EJ<KIW>=<K>K!/ &%q! ICEUSKI F<I CWH=C=AYE!IF<!
FAV<EK>KIWCHi B<I>KI=>EI?CK<I<E! - ; ;1=CBW>KIW<Ji>I<g>K+!

|
70CK[<Cl'e, 8QZfg!cDAIE!i<=>WAIY!AE]>EB C=AYE!IWi>V<EA<EI<!F<!CWi>hABCFCB<EIJ!: ; ;!
Wi>X<=J>K! F<! §<=>?(>! B<I>(CF>! <E! /KICF>K! (EAF>K! X! <VCIDY! IC! FCIC! F<KF<!
W<@KW<=JAVCK! JI=EA=CK! X! <=>EYB=CKz! $C?<@! e,88Nfl WE>WDK>! DE! =fN<@#>! F<!
K=f<<EAEU! ?CKCF>! <E! E]>(BC=AYE! F<! =CBW>! =>EKAF<GCEF>! <|! m>{lIF BAF<! /&%!
-Div<X! F<ll Ck>! F<! ,88Lz! "k=0K>E! e:;, ;! Wi<K<EJC! DE! =N<@h>! =>E! ?CK<! <E!
<hW<@<E=ACK! <!AE]>@BC=AYE! F<K=(NC! <E!IC!IN<@CIDIC! X! |\ECIB<EJ<! 1ICFCKCEAe: ; , ; f!
C=JDCIbC!IC! E]>0B C=AYE! Wi>VAKIC! W>{! $C?<f! <E! , 88Ng! <BWI<CEF>!ICK! <KJCFPK}=CK!

U071 =9y 241 (WFCI<FIK=A<<EAEUI=<BIC!]>BIKI<CBI]I>>FIEU! 2CK<F! >E! A IIFIWEST<=IK! FCICH 2 CKI<GK!
$[<K<Kg! 24KK>DiK (EAV<EKAXI>]! - =h<E=<ICEFI$<=[E>I>UXH: ; , -+
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Wi<K<EJCFCKIW>(!IC! &Al' {! RCK! H>DGECH! <E! WD?I=C=A>E<K! ?ACEDCIi<K! F<l! m>{IF BAF<!
7/ &%! . DIV<X!<BAFCKI<EJi<!I>KICk>K!F<!,88Q!X!: ; ; O+

Tabla 7.! RDPC! F<!K<l<==AYE! WCAC! IC! \BWI<B<EJC=AYE! F<!lC! \EX<==AYE! =>EJ}EDC! F<!
VCW>(i+!

Fuente:!O1 = "%g! 2+ (WFCI<F!K=f<<EAEU!=gN<@C!]>(!KI<CB!]I>>FAEU! ?CK<FI>E!>AIlI<IFIWE>T<=)K!
FCICH2CKI<EK!S [ <K<Kg! 2AKK>D@! (EAV<OKAIX!>]! . =A<E=<ICEF!$<=[E>I>UXt!: ; , -+!
I

) >E!<IIHE!F<!VAKDCIHbCR! X! =>)<TCl! F<! B<T>{!]>B C!IC!E]>IB C=AYE!WG>VAKIC! <E!IC!JC?IC!
N! XHICK! Wi>WA<FCF<K! =>f<KW>EFA<EJ<K! C! =CFC! =CBW>! =CEFAFCJ>g! K<! Wi<K<EIC! F<!
BCE<{CHEI<UICFC!<KICHE]>IBC=AYE!<E!NCNC?IC!Q+!

!

" <IIC1JC?IC! Q! K<! K<KCIC! =>E! =>I>f! §>T>! I>K! WC{ i B<Ji>K! cD<! WCAC! =CFC! =CBW>!K<!
<E=D<EJICE! ]D<@C! F<I! AEI<GVCI>! Wg>WD<KJ>! W>! IC! UDPC! F<! K<l<==AYE! WCAC! IC!
IBWIKB<EJC=AYE! F<!C! AEX<==AYE! =>EJEDC! F<! VCW>{+! 3>! >J§C! WCHI<g! K<! §<KCIIC! F<!
=>|>!V<fF<!<Il=CBW>!=DX>K!WC{ i B<Ji>K!K<!CIDKICE!ClJ>F>K!I>KIAEI<QVCI>KIWE>VAKI>K!
=>B>! (<]<f<EJ<K! WCHC! IC! CWIk=C=AYE! F<!IIC! J<=E>>UPCq! <KJ<! =CBW>! =>i<KW>EF<! C!
$<=C+!!

48



Tabla 8.!"E]>iBC=AYE!EI<UGCFC! F<!I>K!WC@ 1 B<Ji>K! F<!K=(<<EAEU!WCAC!IC! CWik=C=AYE!
F<! IIC! AEX<==AYE! =>EJEDC! F<! VCW>@! X! ICK! Wi>Wi<FCF<K! F<! I>K! XC=ABI<EJ>K!

=>{i<KW>EFIEIRKICII>KI=CBW>KI=CEFIFCI>KIF<ICWH=C=AYEIF<IICH<=E>I>UPCH!
I

Propiedad %D24CI<K! D [=[IB<E<! D)MC!"E]CEICK! $<=C! Screening  (EIFCF!
Porosidad ,QIsIG;! QN!:G! ol > 20 p!
Permeabilidad G;N\=z;;;! G;ls!, ;55! 40 - 111 > 250 B~!
Saturacion aceite 50 - 40 N:! 77! >50 p!
So.! 0.10 iyl 3,0l >0.10 _(C==AYE!
Profundidad N3 ;! 6000 3070 <3000 )
Espesor neto I AV :Z,! :8;! > 20 )
Presion ,,N;! ,o33] ,,23] - 3Kl
Temperatura ,=Z! ,Q;! , 32! - q!
Bo 41,6l L,+2N! ,+:0! - %7t.$7!
Gravedad API , 2! 7-10 ,LN\!-Z! >10 913"
Viscosidad GNZr,Z;q_! N;;;r,Z;q ! ZQr,;;! <100.000 w!

(E! WCRi B<)i>! ABW>RICEI<! K>?f<! <l =DCIl <KJ<! =CBW>! Wi<VCI<! <K! <l _>d1+ /KIC!
We>WASFCF! cD<! K<! <E=D<EJiC! UGCJ:=CFC! <E! IC! JWUDEC! :;¢' B<Wi<K<EIC!
=DCEJCHVCB<EIK!<|!=>EJ<EAF>!F<![AFi>=C{?D@>! FAKWD<KJ>!<E!<ll <KWC=A>!W>>K>! F<|!
XC=ABA<EJ>+/E!<lIC!K<IWD<F<!<VIF<E=ACi! cD<!<I!Q; p! F<!>KIWI>X<=)>KI F<IVCW>{IK<!
KNaCE! K>?0<! ;+,q! <E! <l =CK>! F<lll =CBW>! $<=Cq! <Ki<! >?JDV>! <|! VCI>{! BiK! CiJ>!
=>fi<KW>EFI<EIIC! ;+, Q+!1!

!

1KP! BIKB>! <l =CBW>! K<l<==A>ECF>! =D<EJC! =>E! DEC! V<EJCIC! >W<(CJ}VC! <E! i<|C=AYE!
=>ElI>K!I=CBW>K!F<!=0DF>!W<KCF>!Wi>WD<KJ>Kg!<KICIV<EICIC!>?<F<=<IClcD<!F<KF<!<|!
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Ck>1F<!,888%K<!lli<VC! C!=C?>!ICI EX<==AYE! =p=l=C! F<! VCW>{g! I>! cD<! f<Wi<K<EJC! DE!
CVCE=<!KAUEA=CIV>! <E!E]@C<KJED=JDIC! X! CFA=A>ECIB<E)<!I>K! =A=II>K!li<VCF>K! CI =C?>!
Wi>BD<V<E! =>EFF=A>E<K! JCV>(C?