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Figura   53.   "E]MD<E=AC! F<! MC! J<BW<@CJD@C! <E! <M! XC=ABA<EJ>! K>?@<! MC! W@>FD==AYE!

C=DBDMCFC!F<!i=AF>!KDM][PF@A=>+!+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++!Q,	
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Figura  54.  "E]MD<E=AC!F<!MC!W@<KAYE!<E!<M!XC=ABA<EJ>!K>?@<!MC!W@>FD==AYE!F<!i=AF>!

KDM][PF@A=>+!++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++!Q:	
  

Figura  55.   "E]MD<E=AC!F<! MC!W@<KAYE!<E!<M!XC=ABA<EJ>!<E! MC!W@>FD==AYE!C=DBDMCFC!

F<!i=AF>!KDM][PF@A=>+!+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++!Q:	
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INTRODUCCIÓN  

!

!

!

!

0C! =@AKAK! W<J@>M<@C! cD<! AEA=AY! <E! <M! K<UDEF>! K<B<KJ@<! F<! :;,-! >@AUAEY! DEC!

@<FD==AYE! KAUEA]A=CJAVC! F<! MC! AEV<@KAYE! <E! <hWM>@C=AYE! X! F<KC@@>MM>! F<! ED<V>K!

W>b>Kg! cD<! WC@C! <M! =CK>! EC=A>ECM! @<W@<K<EJY! DE! F<=MAV<! <E! MC! W@>FD==AYE! F<!

=CBW>K! BCFD@>K! F<M! ,Np! F<! C=D<@F>! C! MCK! <KJCFPKJA=CK! W@<K<EJCFCK! W>@! MC!

1K>=AC=AYE! )>M>B?ACEC! F<M! 3<J@YM<>! e1)3g! :;,Zf+! 3>@! =>EKAUDA<EJ<g! <KJ<!

<K=<EC@A>! F<K]CV>@C?M<! WC@C! MC! <T<=D=AYE! F<! AEV<@KA>E<K! <E! =CBWCkCK! F<!

W<@]>@C=AYE! F<! W>b>K! F<! F<KC@@>MM>g! U<E<@CE! MC! E<=<KAFCF! F<! <VCMDC@! W@>X<=J>K!

CMJ<@ECJAV>K! <E=CBAECF>K! C! AE=@<B<EJC@! M>K! EAV<M<K! F<! W@>FD==AYE! C! J@CVIK! F<!

<KJ@CJ<UACK!F<!<hWM>JC=AYE! JCM<K!=>B>! MC! ABWM<B<EJC=AYE!F<!BIJ>F>K!F<! @<=>?@>!

F<![AF@>=C@?D@>K+!!

!

0C! =@<=A<EJ<! F<BCEFC! <E<@UIJA=Cg! =>BW<EKCFC! =>E! DE! AE=@<B<EJ>! <E! MC!

W@>FD==AYE!F<!]D<EJ<K!F<!<E<@UPC!=>B>!M>!K>E!<M!W<J@YM<>!X!<M!UCKg![C!=>EMM<VCF>!C!

MC! ?aKcD<FC! =>EJAEDC! F<! <KJ>K! @<=D@K>K! F<?AF>! C! cD<! M>K! XC=ABA<EJ>K! F<! =@DF>!

=>EV<E=A>ECM!E>!=D<EJCE!=>E!<M!W>J<E=ACM!WC@C!KCJAK]C=<@!MC!F<BCEFCg!<K!W>@!<MM>!

cD<! <M! F<KC@@>MM>! F<! XC=ABA<EJ>K! E>! =>EV<E=A>ECM<K! =>B>! M>! K>E! M>K! =@DF>K!

W<KCF>K!X!<hJ@CW<KCF>Kg! @<W@<K<EJCE!DEC!CMJ<@ECJAVC!WC@C!=>EJAEDC@! TCM>ECEF>!<M!

W@>U@<KAV>!=>EKDB>!BDEFACM+!!
!

0C! aEA=C! @<K<@VC! KAUEA]A=CJAVC! F<! =@DF>! =>EV<E=A>ECM! K<! M>=CMAbC! <E! MC! W<EPEKDMC!

C@i?AUCg! W>@! <M! =>EJ@C@A>g! C! M>! MC@U>! X! CE=[>! F<M! UM>?>! K<! KAJaCE! <E! BCX>@!

W@>W>@=AYE! @<K<@VCK! F<! W<J@YM<>! =>@@<KW>EFA<EJ<K! C! =@DF>! W<KCF>g! KAJDCF>K!

W@AE=AWCMB<EJ<!<E!WCPK<K!=>B>!5<E<bD<MCg!)CECFig!/KJCF>K!(EAF>Kg!`]@A=Cg!%DKAC!

X!<M!KD@><KJ<!CKAiJA=>+!1KP!BAKB>!DEC!FAKJ@A?D=AYE!=DCEJAJCJAVC!F<! MCK!@<K<@VCK!F<!

[AF@>=C@?D@>K! <E! <M! BDEF>g! <KJABCE! cD<! <M! W<J@YM<>! =>EV<E=A>ECMg! =>EKAF<@CF>K!

=>B>! CcD<MM>K! =>E! U@CV<FCF<K! 13"! BCX>@<K! C! ::qg! @<W@<K<EJCE! <M! G;p! F<! MCK!

@<K<@VCKg!W>@!<M! =>EJ@C@A>g! M>K!=@DF>K!W<KCF>Kg! =>EKAF<@CF>K!<E!<M!<KJDFA>!=>B>!
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J>F>K!CcD<MM>K!=DXC!U@CV<FCF!13"!K<C!AE]<@A>@!C!::qg!=>@@<KW>EF<E!CM!N;p!F<!M>K!

V>MaB<E<K!F<!W<J@YM<>!<E!J>F>!<M!UM>?>+,!
!

/E! MC! JC?MC!,!K<!W@<K<EJC!<E!F<JCMM<! MC!=MCKA]A=C=AYE!F<M!W<J@YM<>!F<!C=D<@F>!C!KD!

U@CV<FCF! 13"g! CKP! =>B>! CMUDECK! W@>WA<FCF<K! JCM<K! =>B>! MC! VAK=>KAFCF! X! MC!

U@CV<FCF!<KW<=P]A=C+!
!

Tabla  1.!)MCKA]A=C=AYE!F<M!W<J@YM<>!F<!C=D<@F>!C!MC!U@CV<FCF!13"+!
!

!
!

!

!

!

!

!

Tipo  de  Crudo   ºAPI   Viscosidad  [Cp]   Densidad  [g/cm3]  

)@DF>!0AVACE>! G;!\!-;! ;+:!r!,Z;q_! ;+QG!s!;+QN!

)@DF>!2<FACE>! ::!s!:8+8! ,!s!,;;!r!,Z;q_! ;+QN!s!;+8:!

)@DF>!3<KCF>! ,;!s!:,+8! ,;;!s!,;;;!r!,Z;q_! ;+8:!s!,!

)@DF>!/hJ@CW<KCF>!t7AJDB<E! u,;! v!,;;;!r!,Z;q_! v,!

  

  

Fuente:  0/&#g!%+!/MC?>@C=AYE!F<!DEC!B<J>F>M>UPC!WC@C!MC!K<M<==AYE!F<!B<b=MCF>@<K!<E!MPE<C!

WC@C![>B>U<EAbC=AYE!F<!=@DF>K!W<KCF>K!=>E!FAMDX<EJ<+!(EAV<@KAFCF!"EFDKJ@ACM!F<!.CEJCEF<@g!

:;,L+!
!

/E!<KC! J<EF<E=ACg!)>M>B?AC!E>!<K!CT<E>!C!<KJC! @<CMAFCFg!C=JDCMB<EJ<!<K!<M!WCPK!

=>E!MC!cDAEJC!@<K<@VC!F<!=@DF>K!W<KCF>K!BiK!U@CEF<!F<!0CJAE>CBI@A=Cg!KDW<@CF>!

W>@! 5<E<bD<MCg! 2IhA=>g! 7@CKAM! X! 1@U<EJAEC+! '<! C=D<@F>! C! MCK! <KJCFPKJA=CK! F<!

W@>FD==AYEg! <E! <M! Ck>! :;,Z! M>K! =@DF>K! W<KCF>K! @<W@<K<EJC?CE! <M! ZGp! F<! MC!

W@>FD==AYE!W<J@>M<@C!F<M!WCPKg!X!K<!W@<VI!cD<!<E!<M!Ck>!:;:;!M>K!=@DF>K!W<KCF>K!

@<W@<K<EJ<E!<M!LZp!F<!MC!W@>FD==AYE!EC=A>ECMg!W@>V<EA<EJ<K!W@AE=AWCMB<EJ<!F<!MCK!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
1	
   STANFORD	
   UNIVERSITY.	
   $[<@BCM! &AM! %<=>V<@Xg! .JCE]>@F! 3@>U@CB! AE! /E<@UX! %<K>D@=<K!

/EUAE<<@AEUg!1U>KJ>g!:;,N+	
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=D<E=CK! F<! M>K! 0MCE>K! &@A<EJCM<Kg! 5CMM<! 2<FA>! F<M! 2CUFCM<EC! X! )CUDiE\

3DJDBCX>g! C! MCK! =DCM<K! W<@J<E<=<E! =CBW>K! ABW>@JCEJ<K! JCM<K! =>B>! %D?ACM<Kg!

$<=C!X!.CE!_<@ECEF>!@<KW<=JAVCB<EJ<+!

!

"E]>@JDECFCB<EJ<!C!W<KC@!F<!@<W@<K<EJC@!<M!N;p!F<!MCK!@<K<@VCK!F<!W<J@YM<>!<E!<M!

BDEF>g! M>K! =@DF>K! W<KCF>K! =>EJAEaCE! KA<EF>! [>X! <E! FPC! DE! F<KC]P>! WC@C! KD!

<hWM>JC=AYEg!<K!W>@!<MM>!cD<!MC!CWMA=C=AYE!F<!J<=E>M>UPCK!<E]>=CFCK!<E!]CV>@<=<@!MC!

<hJ@C==AYE! F<! <KJ>K! @<=D@K>K! F<M! KD?KD<M>g! @<W@<K<EJCE! DEC! CMJ<@ECJAVC! WC@C!

=>EJAEDC@!KDWMA<EF>!MC!=@<=A<EJ<!F<BCEFC!<E<@UIJA=C!BDEFACM+!!
!

0C!AEX<==AYE!F<!VCW>@!@<W@<K<EJC!<E!MC!C=JDCMAFCF!DEC!F<!MCK!JI=EA=CK!F<!@<=>?@>!

B<T>@CF>!BiK!<KJDFACFCKg! ABWM<B<EJCFCK!X!CVCEbCFCK!<E!<M!BDEF>g!CKP!BAKB>!

=>EJ@A?DX<!KAUEA]A=CJAVCB<EJ<!C!MC!W@>FD==AYE!BDEFACM!F<!W<J@YM<>!emAMM[AJ<g!,88Qf+!

1=JDCMB<EJ<! <K! @<=>E>=AFC! U@C=ACK! C! M>K! <h=<M<EJ<K! @<KDMJCF>K! <E! JI@BAE>K! F<!

@<=DW<@C=AYE!F<![AF@>=C@?D@>K!<E!=CBW>K!F<M!BDEF>!cD<![CE!M>U@CF>!]C=J>@<K!F<!

@<=>?@>!KDW<@A>@<K!CM!N;p!=>B>!K<!<VAF<E=AC!<E!MC!JC?MC!:+!
  

Tabla   2.! _C=J>@<K! F<! @<=>?@>! M>U@CF>K! C! J@CVIK! F<! MC! AEX<==AYE! F<! VCW>@! =>B>!

BIJ>F>!F<!@<=>?@>!B<T>@CF>!<E!=CBW>K!W<J@>M<@>K!F<M!BDEF>+!!
!
!

Campo   FR  [%]   Ubicación   Compañía  

w<@E!%AV<@! NZ! )CMA]>@EAC! )[<V@>E!

2AFlCX!.DEK<J! LZ! )CMA]>@EAC! )[<V@>E!

'D@A! L;! "EF>E<KAC! )[<V@>E!

3<C=<!%AV<@! Z;! 1M?<@JC! .[<MM!
  
  

  

  

  
Fuente:!.$/12!3%&'()$"&#!)&231#4!x/E!MPE<Cy+!e%<=DW<@CF>!<M!,N!F<!HDMA>!F<!:;,N+f!

'AKW>EA?M<!<E![JJWKjttlll+KJ<CB\>AM+=>Bt!
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1.   SELECCIÓN  DE  UN  CAMPO  PARA  LA  APLICACIÓN  DE  LA  INYECCIÓN  DE  
VAPOR  COMO  MÉTODO  DE  RECOBRO  TÉRMICO  EN  UN  YACIMIENTO  DE  

CRUDO  PESADO  COLOMBIANO  

'D@CEJ<! MC! <hWM>JC=AYE! MM<VCFC! C! =C?>! C! DE! XC=ABA<EJ>! F<! W<J@YM<>! Xt>! UCKg!

>@FAECMB<EJ<! K<! [C! W@>WD<KJ>! DEC! =>EV<E=AYE! cD<! <KJC?M<=<! MC! B<J>F>M>UPC!

B<FACEJ<!MC!=DCM!K<!MM<VC!C!=C?>!MC!<hWM>JC=AYE!F<!M>K!XC=ABA<EJ>K!=>EV<E=A>ECM<K!

F<![AF@>=C@?D@>!<E!<M!BDEF>+!/KJCK!]CK<K!W@<K<EJ<K!<E!<M!WMCE!F<!F<KC@@>MM>!F<!DE!

C=JAV>!K<!W@<K<EJCE!C!=>EJAEDC=AYE!<E!MC!]AUD@C!,+!
!

Figura  1.  _CK<K!<E!<M!F<KC@@>MM>!F<!DE!XC=ABA<EJ>!F<!W<J@YM<>!X!UCK!=>EV<E=A>ECM+!

!

!
Fuente:  1051%1'&g!'+!%<=DW<@C=AYE!JI@BA=C!F<!W<J@YM<>+!)C@C=CK+!5<E<bD<MC+!:;,;+!
  

1KP! WD<Kg! <E! JA<BW>K! J<BW@CE>K! F<M! AEA=A>! F<! MC! <hWM>JC=AYE! F<! DE! C=JAV>!

[AF@>=C@?D@P]<@>!=>EV<E=A>ECMg!<M!@<=>?@>!F<!W<J@YM<>!X!UCK!K<!>=CKA>EC!W>@!B>JAV>!

F<! MC! W@<KAYE! =>E! MC! cD<! =D<EJC! AEA=ACMB<EJ<! <M! XC=ABA<EJ>g! MC! =DCM! <K! KD]A=A<EJ<!

WC@C!U<E<@C@!<M!]MDT>!F<!M>K!]MDAF>K!F<KF<!MC!]>@BC=AYE![CKJC!M>K!W>b>K!W@>FD=J>@<Kg!

=>BWM<B<EJCFC! W>@! M>K! B<=CEAKB>K! F<! <BWDT<! W@<K<EJ<Kg! WD<F<E! =>EJ@A?DA@! C!

M>U@C@!]C=J>@<K!F<!@<=>?@>!<EJ@<!<M!Zp!X!<M!N;p+!
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1.1.   ETAPAS  EN  EL  RECOBRO  DE  HIDROCARBUROS  

!

/M!W@AE=AWCM!>?T<JAV>!<E!DE!W@>X<=J>!F<!<hWM>JC=AYE!W<J@>M<@C!<K!MC!@<=DW<@C=AYE!F<M!

BCX>@! V>MDB<E! F<! @<=D@K>! W>KA?M<! F<M! KD?KD<M>g! U<E<@CEF>! =>EFA=A>E<K!

<=>EYBA=CK!]CV>@C?M<K!WC@C!MC!=>BWCkPC!>W<@CF>@C+!/K!W>@!<MM>!cD<!M>K!<K]D<@b>K!

F<! MCK!=>BWCkPCK!K>E!<E=CBAECF>K!<E! ABWM<B<EJC@!<KJ@CJ<UACK!cD<!=>EMM<V<E!C!

JCM! ]AE+!/KJ>K!W@>=<K>Kg! JI=EA=CK!X! J<=E>M>UPCK!F<KC@@>MMCF>K!C! M>! MC@U>!F<! MC!VAFC!

W@>FD=JAVC! F<! M>K! XC=ABA<EJ>K! <! ABWM<B<EJCFCK! =>E! <M! >?T<JAV>! F<! M>U@C@! DE!

AE=@<B<EJ>!<E!<M!@<=>?@>!F<![AF@>=C@?D@>K!K>E!=MCKA]A=CF>K!<Ej!!!
!

•! "&%j! "BW@>V<F! &AM! %<=>V<@X+! /KJ<! JI@BAE>! [C=<! @<]<@<E=AC! C! =DCMcDA<@!

C=JAVAFCF!@<MC=A>ECFC!C!AE=@<B<EJC@!MC!@<=DW<@C=AYE!F<![AF@>=C@?D@>K+!
!

!

•! /&%j!/E[CE=<F!&AM!%<=>V<@X+!"BWMA=C!MC!AEX<==AYE!F<!]MDAF>K!cD<!=>EMM<V<E!

C! B>FA]A=C@! MCK! W@>WA<FCF<K! F<! M>K! ]MDAF>K! <E! MC! ]>@BC=AYEg! CKP! =>B>!

WC@iB<J@>K!W<J@>]PKA=>K!=>E!<M!]AE!F<!@<FD=A@!MC!KCJD@C=AYE!F<!C=<AJ<!@<KAFDCM+!
!

  Figura  2.  )MCKA]A=C=AYE!F<!W@>=<K>K!"&%!X!/&%+!

!

!

!

  

  

  

  

  

  

  

  

  
  
  
  

  
  
  
  
  

  
  
  
  

Fuente:   ./)/#g! H+! "&%! \! /&%g! =[CE=<K! ]>@! AE=@<CK<! >]! >AM! W@>FD=JA>E! CEF! @<=>V<@A<K! AE!

<hAKJAEUg!BCJD@<!@<K<@V>A@K+!(EAV<@KAJX!>]!^CU@<?g!)@>CJACg!:;;Z+!



	
   	
   21	
  

3C@C!W@>B>V<@!DE!BCX>@!<EJ<EFABA<EJ>!F<!=CFC!DE>!F<!M>K!W@>=<K>K!CWMA=CF>K!C!

M>! MC@U>! F<! MC! <hWM>JC=AYE! F<! DE! XC=ABA<EJ>! =>EV<E=A>ECMg! C! =>EJAEDC=AYEg! K<!

F<K=@A?<E!=>E!BCX>@!F<J<EABA<EJ>!M>K!BIJ>F>K!F<!@<=>?@>!W@ABC@A>Kg!K<=DEFC@A>K!

X! J<@=AC@A>Kg! F<]AEAF>K! CKP! F<! BCE<@C! >@FAECMg! W<@>! KD! >@F<E! F<! CWMA=C=AYE! <K!

]MD=JDCEJ<!X!<K! ]DE=AYE!F<! MCK!=>EFA=A>E<K!F<M!XC=ABA<EJ>!X!F<! MCK!=C@C=J<@PKJA=CK!

F<!M>K!]MDAF>K+!

1.1.1.  !"#$%&$'(&)*+&)$,')>@@<KW>EF<!C! MC!W@AB<@C!<JCWC!<E! MC! ]CK<!W@>FD=JAVC!

F<!DE!XC=ABA<EJ>+!.<!=C@C=J<@AbC!W>@cD<!E>!<K! @<cD<@AF>!EAEUaE!CU<EJ<!<hJ<@E>!

WC@C! MC! W@>FD==AYE! F<! M>K! [AF@>=C@?D@>Kg! W>@! <M! =>EJ@C@A>g! <K! MC! <E<@UPC! ECJD@CM!

W@<K<EJ<! AEA=ACMB<EJ<! <E! <M! XC=ABA<EJ>! MC! cD<! <KJABDMC! MC! <hJ@C==AYE! F<M! BAKB>+!

3<@>! E>! <K! K>M>! MC! W@<KAYE! MC! cD<! W@>BD<V<! MC! W@>FD==AYEg! JCB?AIE! M>! K>E! M>K!

B<=CEAKB>K!F<!<BWDT<!W@<K<EJ<K!F<!]>@BC!ECJD@CM!D!>@AUAECF>K!W>@!=CDKC!F<! MC!

<hWM>JC=AYEg!JCM!=>B>!K<!W@<K<EJC!<E!MC!]AUD@C!Gg!<MM>K!K>Ej!

!
!

1.   /hWCEKAYE!F<!@>=C!X!]MDAF>K+!

2.   /BWDT<!W>@!UCK!FAKD<MJ>+!

3.   /BWDT<!W>@!=CWC!F<!UCK+!

4.   /BWDT<![AF@iDMA=>+!

5.   '@<ECT<!U@CVAJC=A>ECM+!
!

!

/E! MC! ]AUD@C! G! K<! W@<K<EJCE! M>K! B<=CEAKB>K! F<! <BWDT<! ECJD@CM! X! KD!

=>BW>@JCBA<EJ>!=>E! @<MC=AYE!C! MC! @<=DW<@C=AYE!F<![AF@>=C@?D@>K!X!C! MC!=CPFC!F<!

W@<KAYE! F<M! XC=ABA<EJ>! C! B<FAFC! cD<! K<! <hJ@C<E! M>K! ]MDAF>Kz! <EDB<@iEF>K<! <E!

>@F<E!CK=<EF<EJ<!F<KF<!CcD<M!cD<!M>U@C!<M!B<E>@!]C=J>@!F<!@<=>?@>!eZpfg!<BWDT<!

W>@! <hWCEKAYE! F<! @>=C! X! ]MDAF>Kg! [CKJC! <M! B<=CEAKB>! cD<! W@>W>@=A>EC! BCX>@!

W>@=<EJCT<! F<! @<=DW<@C=AYE! F<! [AF@>=C@?D@>K! =>@@<KW>EFA<EJ<! CM! F@<ECT<!

U@CVAJC=A>ECM!cD<!WD<F<!M>U@C@!DE!]C=J>@!F<!@<=>?@>!F<![CKJC!<M!L;p+!

!
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Figura   3.  2<=CEAKB>K! F<! @<=DW<@C=AYE! W@ABC@AC! F<! [AF@>=C@?D@>K! X! KD! @<MC=AYE!

=>E!<M!]C=J>@!F<!)/3%*)%+!

!

!

!

!
  
  

!

!

!

!

!
Fuente:   /.)&71%g! _+! _DEFCB<EJ>K! F<! AEU<EA<@PC! F<! XC=ABA<EJ>K+! /FAJ>@ACM! (EAV<@KAFCF!

.D@=>M>B?ACEC+!3@AB<@C!/FA=AYE+!#<AVC+!)>M>B?AC+!:;;Z+!
!

!

!

!

1.1.2.  !"#$%&$' -"#./0+&)$,' 0>K! W@>=<K>K! F<! @<=>?@>! K<=DEFC@A>! K>E! JI=EA=CK!

cD<!K<!ABWM<B<EJCE!=>BaEB<EJ<!W>KJ<@A>@!C!M>K!W@>=<K>K!F<!@<=>?@>!W@ABC@A>g!X!

KD!W@AE=AWCM!]AE!<K!<M!F<!@<=>?@C@!BCX>@<K!V>MaB<E<K!F<![AF@>=C@?D@>K!C!J@CVIK!F<!

MC!AEX<==AYE!F<!]MDAF>K!=>B>!<M!CUDC!WC@C!M>K!XC=ABA<EJ>K!F<!W<J@YM<>!X!UCK!W>?@<!

WC@C!M>K!XC=ABA<EJ>K!=>BW>KA=A>ECM<Kg!=>E!<M!>?T<JAV>!F<!M>U@C@!DE!BCEJ<EABA<EJ>!

<E!MC!W@<KAYE!<E!<M!XC=ABA<EJ>!X!=>EJ@A?DA@!CM!F<KWMCbCBA<EJ>!F<!M>K![AF@>=C@?D@>K+!!

!

1.1.3.  !"#$%&$'1"&#)+&)$,'0>K!BIJ>F>K!F<!@<=>?@>!J<@=AC@A>!JA<E<E!=>B>!]AE!M>U@C@!

AE=@<B<EJC@! MC! @<=DW<@C=AYE!F<! @<=D@K>K!cD<!E>! ]D<@>E!W>KA?M<K!<hJ@C<@!C! J@CVIK!

F<! BIJ>F>K! F<! @<=DW<@C=AYE! W@ABC@A>! X! K<=DEFC@A>+! 0>K! BIJ>F>K! F<! @<=>?@>!

J<@=AC@A>!CM!AUDCM!cD<!M>K!BIJ>F>K!F<!@<=>?@>!K<=DEFC@A>!<BWM<CE!DE!]MDAF>!cD<!<K!

AEX<=JCF>!C! MC! ]>@BC=AYEg!W<@>!E>!K>M>!=>E!<M!>?T<JAV>!F<!K>KJ<E<@! MC!W@<KAYE!F<M!
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XC=ABA<EJ>!KA!E>!=>E!<M!W@>WYKAJ>!F<!U<E<@C@!B>FA]A=C=A>E<K!<E!MCK!=C@C=J<@PKJA=CK!

F<! M>K! ]MDAF>K! AEX<=JCF>Kg! <E! M>K! ]MDAF>K! F<! MC! ]>@BC=AYE! Xt>! <E! MCK! W@>WA<FCF<K!

W<J@>]PKA=CK+! /KJCK! VC@AC=A>E<K! =>EMM<VCE! C! AE=@<B<EJC@! MC! <]A=A<E=AC! F<! ?C@@AF>!

BC=@>K=YWA=C! >! V>MDBIJ@A=Cg! =>BWM<B<EJCFCK! =>E! >J@>K! B<=CEAKB>K! M>U@CE!

CFA=A>ECMB<EJ<!DE!AE=@<B<EJ>!<E!MC!<]A=A<E=AC!BA=@>K=YWA=C!>!F<!F<KWMCbCBA<EJ>+!

0>K!BIJ>F>K!F<!@<=>?@>! J<@=AC@A>! JCB?AIE!K>E!F<E>BAECF>K!BIJ>F>K!F<!@<=>?@>!

B<T>@CF>g!M>K!=DCM<K!K<!F<JCMMCE!C!=>EJAEDC=AYE+!

  

1.2.   MÉTODOS  DE  RECOBRO  MEJORADO  

(EC!F<!M>K!BCX>@<K!AEJ<@<K<K!<E!MC!AEFDKJ@AC!<K!<VCMDC@!X!F<KC@@>MMC@!J<=E>M>UPCK!

cD<!W<@BAJCE![C=<@!BiK!<]<=JAV>K!M>K!W@>=<K>K!F<!@<=DW<@C=AYE!F<![AF@>=C@?D@>K!

AE=@<B<EJCEF>! <M! ]C=J>@! F<! @<=>?@>g! F<KF<! >WJABAbC@! M>K! BIJ>F>K! F<! @<=>?@>!

K<=DEFC@A>! X! MC! AEX<==AYE! F<! ]MDAF>K! C! MC! ]>@BC=AYEg! [CKJC! B>FA]A=C@! MCK!

W@>WA<FCF<K! F<! MCK! @>=CK! Xt>! M>K! ]MDAF>K! <E! <M! XC=ABA<EJ>g! WC@C! ]CV>@<=<@! KD!

B>VAMAFCF![C=AC!M>K!W>b>K!W@>FD=J>@<K+!!
!

0>K! W@>=<K>K! F<! @<=>?@>! B<T>@CF>! K>E! F<]AEAF>K! =>B>! CcD<MM>K! BIJ>F>K! cD<!

W<@BAJ<E! AE=@<B<EJC@!<M! ]MDT>!F<![AF@>=C@?D@>K!F<KF<!<M! XC=ABA<EJ>!C! MC! =C@C!F<M!

W>b>! >! =>B>! MC! @<=DW<@C=AYE! F<! C=<AJ<! CFA=A>ECM! F<KWDIK! F<! M>K! BIJ>F>K! F<!

@<=>?@>! W@ABC@A>! X! K<=DEFC@A>! e1MVC@CF>g! :;,;f+! 1KP! BAKB>g! >J@>K! CDJ>@<K!

W@<K<EJCE! F<]AEA=A>E<K! BiK! <KW<=P]A=CK! =>B>! MC! F<]AEAFC! W>@! e1[B<Fg:;,:fg! CM!

@<]<@A@K<! C! M>K! W@>=<K>K! F<! @<=>?@>! B<T>@CF>! =>B>! CcD<MM>K! <E! M>K! =DCM<K! K<!

@<FD=<! MC! KCJD@C=AYE! F<! C=<AJ<! C! VCM>@<K! AE]<@A>@<K! CM! F<! MC! KCJD@C=AYE! F<! C=<AJ<!

@<KAFDCM!e.>@f+!
!

0>K!W@>=<K>K!F<!@<=>?@>!E>!K>M>!AEV>MD=@CE!MC!AEX<==AYE!F<!DE!]MDAF>!=>E!<M!]AE!F<!

KDWM<B<EJC@! MC! <E<@UPC! ECJD@CM! W@<K<EJ<! <E! <M! XC=ABA<EJ>g! KAE>! cD<! M>K! ]MDAF>K!

AEX<=JCF>K! AEJ<@C=JaCE! =>E! <M! KAKJ<BC! @>=Ct]MDAF>! F<M! XC=ABA<EJ>! WC@C! U<E<@C@!

=>EFA=A>E<K!]CV>@C?M<K!WC@C!<M!@<=>?@>+!/KJCK!AEJ<@C==A>E<K!WD<F<E!=>EMM<VC@!C!MC!
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@<FD==AYE! F<! MCK! ]D<@bCK! F<! J<EKAYE! AEJ<@]C=ACMg! [AE=[CBA<EJ>! F<M! W<J@YM<>g!

@<FD==AYE! F<! MC! VAK=>KAFCF! F<M! C=<AJ<g! >! U<E<@C=AYE! JI@BA=C! AE\KAJDz! <KJCK! K>E!

AEJ<@C==A>E<K!]PKA=>\cDPBA=CK!cD<!E>!K>E!CJ@A?DA?M<K!C!MC!AEX<==AYE!F<!UCK!>!CUDC!

WC@C! <M! BCEJ<EABA<EJ>! F<! MC! W@<KAYE! >! F<KWMCbCBA<EJ>! F<M! [AF@>=C@?D@>!

emAMM[AJ<g,88Qf+!
!

/E!<M!=CK>!EC=A>ECMg!F<!M>K!CW@>hABCFCB<EJ<!:Q;!=CBW>K!W<J@>M<@>K!=>E!M>K!cD<!

=D<EJC! <M! WCPK! CM@<F<F>@! F<M! -Np! F<! M>K! =CBW>K! JCE! K>M>! [CE! @<=>?@CF>!

CW@>hABCFCB<EJ<!<M!,;p!F<M!W<J@YM<>!>@AUAECM!<E!KAJA>g!<K!F<=A@!cD<!CaE!=D<EJCE!

=>E!<M!8;p!F<M!@<=D@K>!<E!<M!KD?KD<M>:g!F<!C=D<@F>!C!MC!AE]>@BC=AYE!=>EJ<EAFC!<E!

MC!]AUD@C!-+!

!
Figura  4.  #aB<@>!F<!=CBW>K!VK!3<J@YM<>!&@AUAECM!<E!.AJA>!<E!)>M>B?AC+!

  

  
  
  
  
  
  
  
  
  
  
  

  

  
  
ç  
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Figura  6.  /]A=A<E=AC!F<!M>K!B<=CEAKB>K!W@<K<EJ<K!<E!<M!@<=>?@>!JI@BA=>+!

!
  
  
  
  
  
  

  

Fuente:! .$1#_&%'! (#"5/%."$4+! $[<@BCM! &AM! %<=>V<@Xg! .JCE]>@F! 3@>U@CB! AE! /E<@UX!

%<K>D@=<K!/EUAE<<@AEUg!1U>KJ>g!:;,N+"



	
   	
   27	
  

1.2.2.  234$0$5' 2)5#)%6"5,' 0>K! F<KWMCbCBA<EJ>K! BAK=A?M<K! K>E! CcD<MM>K! =DX>!

W@AE=AWA>! ]PKA=>! K>E! MC! ]>@BC=AYE! F<! DEC! ]CK<! <EJ@<! DE! ]MDAF>! AEX<=JCF>! C! MC!

]>@BC=AYE! X! <M! [AF@>=C@?D@>! W@<K<EJ<! <E! <M! XC=ABA<EJ>g! =>E! <M! ]AE! F<! B<T>@C@! MC!

B>VAMAFCF! F<M! [AF@>=C@?D@>! <! AE=@<B<EJC@! KD! ]C=J>@! F<! @<=>?@>+! 0C! BAK=A?AMAFCF!

<EJ@<!<M! ]MDAF>! AEX<=JCF>!X!<M!C=<AJ<! AE\KAJD!K<!WD<F<! MM<VC@!C!=C?>!C!J@CVIK!F<!DE!

K>M>!=>EJC=J>!>!B<FACEJ<!BaMJAWM<K!=>EJC=J>K+!!

>$&3$*$0$,-,"-"()$./)"3%+7-37%9"
!

.<!>@AUAEC!=DCEF>!<M!F<KWMCbCBA<EJ>!<E!<M!XC=ABA<EJ>!>=D@@<!<E!DEC!K>MC!]CK<!?CT>!

=DCMcDA<@!W@>W>@=AYE!F<!B<b=MCK!<EJ@<!<M!]MDAF>!AEX<=JCF>!X!<M!W<J@YM<>!AE!KAJD+!/KJ<!

F<KWMCbCBA<EJ>!K<!>@AUAEC!W@AE=AWCMB<EJ<!=DCEF>!<M! ]MDAF>! AEX<=JCF>!=>@@<KW>EF<!

C! UCK<K! MA=DCF>K! F<M! W<J@YM<>! =>BWD<KJ>! W>@! B<b=MCK! <EJ@<! <JCE>Kg! W@>WCE>K! X!

?DJCE>Kg!M>K!=DCM<Kg!C!?CTCK!=>EFA=A>E<K!F<!J<BW<@CJD@C!X!W@<KAYEg!C!=CDKC!F<!KD!

ECJD@CM<bC!X!C]AEAFCF!cDPBA=C!<EJ@<!MCK!B>MI=DMCK!F<M!=@DF>!X!F<M!UCKg!W@>B>V<@iE!

MC! BAK=A?AMAFCF! ?CT>! =DCMcDA<@! W@>W>@=AYE! F<! B<b=MC+! /KJ<! <]<=J>! K<! WD<F<!

VAKDCMAbC@!<E!<M!FACU@CBC!J<@EC@A>!F<! MC!]AUD@C!N+!/E!IM!K<!>?K<@VCE!MC!<EV>MV<EJ<!

F<!]CK<K!cD<!@<W@<K<EJC!<M!=>BW>@JCBA<EJ>!F<!MC!B<b=MC!VC@ACEF>!MC!W@>W>@=AYE!F<!

M>K! =>BW>E<EJ<K! W@<K<EJ<K! <E! M>K! VI@JA=<K! F<M! FACU@CBCg! <KJ>K! K>E! M>K!

=>BW>E<EJ<K! W<KCF>K! F<M! =@DF>! e)N|fg! MC! ]@C==AYE! F<! [AF@>=C@?D@>K! MAVACE>K! e):\

)Lf!X!<M!UCK!F<!C@@CKJ@<!e),|)&:|#:f+!1KP!BAKB>!K<!@<KCMJCE!MCK!=>BW>KA=A>E<K!F<!

DE! UCK! W>?@<! e1fg! F<M! C=<AJ<! e7f! X! F<M! R03! e'f+! '<! C=D<@F>! C! MC! F<]AEA=AYE! F<!

BAK=A?AMAFCF! C! W@AB<@! =>EJC=J>g! <KJ<! <]<=J>! K<! W@<K<EJC@i! ?CT>! B<b=MCK! <E!

=DCMcDA<@!W@>W>@=AYE!<EJ@<!<M!C=<AJ<!X!<M!UCK!MA=DCF>!F<!W<J@YM<>!eR03f!F<?AF>!cD<!

MC!B<b=MC!<EJ@<!M>K!F>K!]MDAF>K!E>!AEU@<KC@i!C!MC!@<UAYE!?A]iKA=C!KAJDCFC!CM!AEJ<@A>@!

F<!MC!<EV>MV<EJ<!F<!]CK<K+!!!!!

!

>$&3$*$0$,-,"-".`07$(0/&"3%+7-37%&9"
!

)CK>! =>EJ@C@A>! >=D@@<! =DCEF>! MC! BAK=A?AMAFCF! <EJ@<! <M! UCK! X! <M! C=<AJ<! E>! K<!

W@<K<EJC! CM! W@AB<@! =>EJC=J>+! /KJ>! KD<M<! KD=<F<@! =DCEF>! <M! UCK! C! <BWM<C@! <E! MC!



	
   	
   28	
  

AEX<==AYE!E>!<K!@A=>!<E!=>BWD<KJ>K![AF@>=C@?D@>Kg!X!VAKDCMB<EJ<!<E!<M!FACU@CBC!

F<!]CK<Kg!K<!>?K<@VC!cD<!MC!@DJC!cD<!DE<!M>K!]MDAF>K!F<!AEJ<@IK!CJ@CVA<KC!MC!@<UAYE!

?A]iKA=C!KAJDCFC!CM!AEJ<@A>@!F<!<EV>MV<EJ<g!]AUD@C!N+!
!

Figura  7.  !'ACU@CBC!J<@EC@A>!F<!B<b=MC!WC@C!=>BWD<KJ>K![AF@>=C@?D@>K+!

"

"

!

!
!

!

!

!

!
Fuente:!192/'g!$+g!1FVCE=<F!%<K<@V>A@!2CECU<B<EJ!CEF!/EUAE<<@AEUg!K<=>EF!<FAJA>Eg!

=[CWJ<@!Lg!"EJ@>FD=JA>E!J>!/E[CE=<F!&AM!%<=>V<@X+!:;,:+!
!

!

!

7,8,9,' 234$0$5':.;*)#$5,'0>K!BIJ>F>K!cDPBA=>K!<BWM<CF>K!<E!MC!@<=DW<@C=AYE!

B<T>@CFC!F<![AF@>=C@?D@>K!=>B>!M>!K>E!MC!AEX<==AYE!F<!W>MPB<@>K!X!KD@]C=JCEJ<Kg!

=>EMM<VCE! C! AE=@<B<EJC@! @<KW<=JAVCB<EJ<! MC! <]A=A<E=AC! V>MDBIJ@A=C! X! F<!

F<KWMCbCBA<EJ>!C!J@CVIK!F<!MC!FAKBAED=AYE!<E!MC!@<MC=AYE!F<!B>VAMAFCF!<EJ@<!]CK<Kg!

CKP!=>B>!DEC!@<FD==AYE!<E!MC!J<EKAYE!AEJ<@]C=ACM+!0C!@CbYE!F<!B>VAMAFCF!e2f!=>B>!

KD!E>B?@<!M>!AEFA=Cg![C=<!B<E=AYE!C!MC!@<MC=AYE!=>E!MC!=DCM!DE!]MDAF>!K<!F<KWMCbC!

=>E!@<KW<=J>!C!>J@>+!2CJ<BiJA=CB<EJ<!MC!<=DC=AYE!cD<!@<W@<K<EJC!<KJ<!]<EYB<E>!

K<!W@<K<EJC!C!=>EJAEDC=AYEj"

!

!

!

!"#$ %
!&

!'
%

()&*'

()'*&
"

!

'>EF<j!
!



	
   	
   29	
  

\!2mt&j!%<MC=AYE!B>VAMAFCF!CUDCtC=<AJ<!! ! !\w@lj!3<@B<C?AMAFCF!@<MCJAVC!CM!CUDC!

\!2mj!%<MC=AYE!B>VAMAFCF!F<M!CUDC!!!!!!!!!!!!!! ! !\w@>j!3<@B<C?AMAFCF!@<MCJAVC!CM!W<J@YM<>!

\!2&j!%<MC=AYE!B>VAMAFCF!F<M!W<J@YM<>!!!!!! ! !\!µmj!5AK=>KAFCF!F<M!CUDC!

!\!µ&j!5AK=>KAFCF!F<M!W<J@YM<>!

!

(EC!@<FD==AYE!<E!MC!@<MC=AYE!F<!B>VAMAFCFg!cD<!K<!W>F@PC!M>U@C@!=>E!DE!AE=@<B<EJ>!

<E! MC!VAK=>KAFCF!F<! MC! ]CK<!F<KWMCbCEJ<!cD<!W>@! M>!U<E<@CM!<K!CUDCg!B<FACEJ<! MC!

AE=>@W>@C=AYE!F<!CU<EJ<K!VAK=>KA]A=CEJ<K!=>B>!M>!K>E!M>K!W>MPB<@>Kg!=>EMM<VC@PC!C!

DE!AE=@<B<EJ>!<E!MC!<]A=A<E=AC!V>MDBIJ@A=C!X!W>@!<EF<!<E!<M!]C=J>@!F<!@<=>?@>+!/E!MC!

]AUD@C!Q!K<!>?K<@VC!<M!<]<=J>!F<! MC!@CbYE!F<!B>VAMAFCF!<E! MC!<]A=A<E=AC!F<!?C@@AF>!

BC=@>K=YWA=>+!!
!
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1.3.   TECNOLOGÍAS   DERIVADAS   DE   LA   INYECCIÓN   DE   VAPOR  
APLICADAS  AL  RECOBRO  TÉRMICO  DE  CRUDOS  PESADOS  
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F<! @<K<@VCK! cD<! WD<F<E! <hJ@C<@K<! <BWM<CEF>! <KJC! J<=E>M>UPC! X! MC! B>F<@CFC!

AEV<@KAYE! cD<! K<! @<cDA<@<! WC@C! KD! ABWM<B<EJC=AYE! e]AUD@C! ,;f+! 3>@! >J@C! WC@J<g! MC!

AEX<==AYE! F<! VCW>@! @<W@<K<EJC! DE>! F<! M>K! W@>=<K>K! F<! @<=>?@>! B<T>@CF>! BiK!

BCFD@>K! <E! JI@BAE>K! F<! AEV<KJAUC=AYE! X! F<KC@@>MM>g! W>@! M>! cD<! <K! =>EKAF<@CF>!

<EJ@<! M>K! W@>=<K>K! JI@BA=>K! <M! F<! BCX>@! CWMA=C?AMAFCF! X! =>B<@=AC?AMAFCF!

J<=E>MYUA=C+!

!
  

Figura  11.  2CFD@<b!J<=E>MYUA=C!F<!W@>=<K>K!/&%!CWMA=CFC!C!=@DF>K!W<KCF>K+!

!
!

  
  
  
  
  
  
  
  
  
  
  
Fuente:!51#!'&%3g!H+!'><K![<CVX!>AM!@<=>V<@X!E<<F!KJ<CB+!.>=A<JX!>]!3<J@>M<DB!/EUAE<<@K+!

(EAV<@KAFCF!"EFDKJ@ACM!F<!.CEJCEF<@+!7D=C@CBCEUC+!:;,L+!

!

1KP! BAKB>! MC! AEX<==AYE! F<! VCW>@! <K! DEC! JI=EA=C! F<! @<=>?@>! V<@KiJAM+! 3@<K<EJC!

VC@ACEJ<K!J<=E>MYUA=CK!=>B>!MC!AEX<==AYE!=P=MA=Cg! MC! AEX<==AYE!=>EJAEDCg!<M!F@<ECT<!

U@CVAJC=A>ECM! CKAKJAF>! =>E! VCW>@g! <EJ@<! >J@CKg! =DXC! =>EFA=AYE! =>BaE! <K! MC!

W@>FD==AYE! F<! VCW>@g! =>E! <M! ]AE! F<! AEX<=JC@M>! C! MC! ]>@BC=AYE! X! J@CEKBAJA@! <KJC!

<E<@UPC!CM!XC=ABA<EJ>!C!J@CVIK!F<!=CM>@!K<EKA?M<!X!=CM>@!MCJ<EJ<!>J>@UCF>!CM!CUDC!<E!

KDW<@]A=A<+!!
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0C! AEX<==AYE! F<! VCW>@! <K! <M! BIJ>F>! F<! @<=>?@>! JI@BA=>! BiK! <BWM<CF>! <E! MC!

<hWM>JC=AYE!F<!XC=ABA<EJ>K!F<!=@DF>!W<KCF>g!<hJ@CW<KCF>!X!C@<ECK!?AJDBAE>KCK+!

0>K!B<=CEAKB>K!ABWMP=AJ>K!<E!MC!@<=DW<@C=AYE!F<!M>K![AF@>=C@?D@>K!CK>=ACF>K!C!MC!

ABWM<B<EJC=AYE!F<!MC!JI=EA=C!K>Ej!
!

•! /BWDT<!2AK=A?M<!

•! /BWDT<!F<!RCK!

•! '<KJAMC=AYE!!

•! /hWCEKAYE!$I@BA=C!!

•! %<FD==AYE!F<!5AK=>KAFCF!
!

0C! =>EJ@A?D=AYE! F<! =CFC! B<=CEAKB>! <E! <M! ]C=J>@! F<! @<=>?@>! K<! W@<K<EJC! <E! MC!

]AUD@C!,:g!KA<EF>!MC!@<FD==AYE!F<!MC!VAK=>KAFCF!<M!B<=CEAKB>!BiK!ABW>@JCEJ<!<E!MC!

@<=DW<@C=AYE!F<!=@DF>K!W<KCF>K+!!
!

Figura  12.  )>EJ@A?D=AYE!<E!<M!]C=J>@!F<!@<=>?@>!F<!M>K!B<=CEAKB>K!CK>=ACF>!C!M>K!

W@>=<K>K!F<!@<=>?@>!JI@BA=>!F<![AF@>=C@?D@>K+!
!

!
  

Fuente:! 192/'g! $+g! 1FVCE=<F! %<K<@V>A@! 2CECU<B<EJ! CEF! /EUAE<<@AEUg! K<=>EF! <FAJA>Eg!

=[CWJ<@!Lg!"EJ@>FD=JA>E!J>!/E[CE=<F!&AM!%<=>V<@X+!:;,:+!
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1.3.1.  <&"/+="'>&+?)4+#)$/+6'+5)54)0$'#$/'?+@$&,'/M!F@<ECT<!U@CVAJC=A>ECM!CKAKJAF>!

=>E! VCW>@! ]D<! F<KC@@>MMCF>! <E! )CECFig! =>B>! DEC! VC@ACEJ<! J<=E>MYUA=C! F<! MC!

AEX<==AYE!=>EV<E=A>ECM!F<!VCW>@!WC@C!XC=ABA<EJ>K!K>B<@>K!F<!W<J@YM<>!AEBYVAM+!0C!

J<=E>M>UPC!.1R'g!W>@!KDK!KAUMCK!<E! AEUMIKg! ]D<!W@>WD<KJ>!W>@!7DJM<@!<E!,8Q,z!<E!

<KJ<!W@>=<K>!F>K!W>b>K![>@Ab>EJCM<K!K<!KAJaCE!=<@=C!F<! MC!?CK<!F<! MC! ]>@BC=AYEg!

K<WC@CF>K!DEC!FAKJCE=AC!CW@>hABCFC!<EJ@<!,:!X!G;!WA<KG!DE>!<E=ABC!F<M!>J@>+!/M!

W>b>! KAJDCF>! <E! MC! WC@J<! KDW<@A>@! @<W@<K<EJC! <M! AEX<=J>@! C! J@CVIK! F<M! =DCM! K<!

KDBAEAKJ@C! F<! BCE<@C! =>EJAEDC! <M! VCW>@g! W>@! >J@C! WC@J<g! <M! W>b>! AE]<@A>@!

=>@@<KW>EFA<EJ<!CM!W>b>!W@>FD=J>@g!W<@BAJ<!<hJ@C<@!M>K!]MDAF>K!cD<!F<K=A<EF<E!W>@!

<]<=J>!F<! MC!K<U@<UC=AYE!U@CVAJC=A>ECM!F<! M>K!]MDAF>K!U<E<@CFCK!W>@! MC!=iBC@C!F<!

VCW>@g![CKJC!MCK!]C=AMAFCF<K!<E!KDW<@]A=A<+!/E!MC!]AUD@C!,Gg!K<!W@<K<EJC!DE!<KcD<BC!

F<M!W@>=<K>!F<!F@<ECT<!U@CVAJC=A>ECM!CKAKJAF>!=>E!VCW>@+  
!

Figura  13.  /KcD<BC!F<!DE!W@>=<K>!.1R'+!
  
  
  

  
  
  

  
  
  
  

Fuente:! 2/R! /#/%R4+! .J<CB! 1KKAKJ<F! R@CVAJX! '@CAECU<g! J<=[E>M>UX! J>!

@<=>V<@!?AJDB<E!]@>B! J[<!>AM! KCEFK+! x/E! MPE<Cy+! e%<=DW<@CF>! <M! :G! F<! CU>KJ>! F<! :;,N+f!

'AKW>EA?M<!<E![JJWjttlll+B<U<E<@UX+=>Bt>W<@CJA>EKtKJ<CB\CKKAKJ<F\U@CVAJX\F@CAECU<\KCUF!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
G! 7($0/%g! %+! 2+g! 2)#17g! R+! .+! CEF! 0&g! 9+! 4g! $[<>@<JA=CM! KJDFA<K! >E! J[<! U@CVAJX! F@CAECU<! >]!

[<CVX! >AM! FD@AEU! AE\KAJD! KJ<CB! [<CJAEUg! )CECFACE! H>D@ECM! )[<BA=CM! /EUAE<<@AEU! Z8e-fg! -ZZs-L;+!

,8Q,+!
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0C! J<=E>M>UPC! .1R'! =D<EJC! =>E! ABW>@JCEJ<K! V<EJCTCK! =>E! @<MC=AYE! C! >J@>K!

BIJ>F>K! JI@BA=>Kg! F<?AF>! C! cD<! [C=<! DK>! F<! DEC! W@>WA<FCF! F<K]CV>@C?M<! <E!

W@>=<K>K!F<!AEX<==AYE!F<!VCW>@!=>EV<E=A>ECM!=>B>!M>!<K!<M!>V<@@AFAEU!>!CK=<EK>!

ECJD@CM! F<M! VCW>@! F<! CUDCg! ]CV>@<=A<EF>! MC! ]>@BC=AYE! F<! DEC! =iBC@C! F<! CMJC!

J<BW<@CJD@C!<E!<M!XC=ABA<EJ>g!]AUD@C!,-g!=CM<EJCEF>!<M![AF@>=C@?D@>!KAJDCF>!<E!KDK!

CM@<F<F>@<K!X!W>@!<]<=J>!F<! MC!@<FD==AYE!F<!VAK=>KAFCF!F<M!BAKB>!CW>XCF>!<E! MC!

U@CV<FCF!=>B>!B<=CEAKB>!F<!=>EFD==AYE!F<!M>K!]MDAF>K!CM!W>b>!W@>FD=J>@!KAJDCF>!

<E! MCK! W@>hABAFCF<K! F<! MC! ?CK<! F<! MC! ]>@BC=AYEg! =>EJ@A?DX<! C! MC! <hJ@C==AYE! F<!

=@DF>K!AEBYVAM<K!C!=>EFA=A>E<K!AEA=ACM<K!F<!XC=ABA<EJ>+!
!

Figura  14.  /KcD<BC!F<!DE!W@>=<K>!.1R'+!
!

!
!

Fuente:! )9/#Rg! O+! 1KK<KAEU! CEF! ABW@>VAEU! KJ<CB\CKKAKJ<F! U@CVAJX! F@CAECU<z! @<K<@V>A@!

[<J<@>U<E<AJA<Kg![XF@CDMA=!]@C=JD@<Kg!CEF!B>?AMAJX!=>EJ@>M!]>CBK+!3[AM>K>W[A=CM!'>=J>@CM!$[<K<K+!

.JCE]>@F!(EAV<@KAJX+!:;;8+!

!
!

1.3.2.   A/B"##)C/' #;#6)#+' 0"' ?+@$&,' 0C! AEX<==AYE! =P=MA=C! <K! DEC! VC@ACEJ<!

J<=E>MYUA=C!F<! MC! AEX<==AYE!F<!VCW>@! X! @<W@<K<EJC!DEC!F<! MCK!CWMA=C=A>E<K!F<! MC!
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JI=EA=C!BiK!<BWM<CFC!F<?AF>!C!KD!@<MCJAV>!?CT>!=>KJ>!X!<]<=JAVAFCF!<E!<M!@<=>?@>!

F<![AF@>=C@?D@>K+!.D!CWMA=C=AYE!=>EKJC!F<!J@<K!<JCWCK!X!WC@C!<MM>!K>E!<BWM<CF>K!

M>K!BAKB>K!W>b>K!W@>FD=J>@<K!WC@C!MM<VC@!C!=C?>!MC!AEX<==AYE!F<M!VCW>@+!  
  
0C!W@AB<@C!<JCWC!F<E>BAECFC!AEX<==AYEg!=>EKJC!F<M!KDBAEAKJ@>!=>EJAED>!F<!VCW>@!

<E! DE! W<@A>F>! cD<! >K=AMC! <EJ@<! ,! X! G! K<BCECK+! 3>KJ<@A>@B<EJ<! K<! W@<K<EJC! MC!

<JCWC!F<!@<B>T>!<E!MC!=DCM!K<!=A<@@C!<M!W>b>!<EJ@<!G!X!Z!FPCK!=>E!<M!]AE!F<!W<@BAJA@!

MC!J@CEK]<@<E=AC!F<M!=CM>@!KDBAEAKJ@CF>!C!MC!]>@BC=AYE!X!M>U@C@!DE!AE=@<B<EJ>!<E!MC!

J<BW<@CJD@C! F<! M>K! ]MDAF>K! X! CKP! =>EJ@A?DA@! C! MC! FAKBAED=AYE! F<! MC! VAK=>KAFCF! F<M!

=@DF>+! _AECMB<EJ<g! <M! =A=M>! =>E=MDX<! =>E! MC! <JCWC! F<! W@>FD==AYE! cD<! K<! WD<F<!

<hJ<EF<@!<EJ@<!L!B<K<K!X!DE!Ck>+!/E! MC! ]AUD@C!,Z!K<!<KcD<BCJAbC!<M!W@>=<K>!F<!

AEX<==AYE!=P=MA=C!F<!VCW>@+!
!
  

Figura  15.  /KcD<BC!F<M!W@>=<K>!F<!AEX<==AYE!=P=MA=C!F<!VCW>@+!
!

  
  

Fuente:  1051%1'&g!'+!%<=DW<@C=AYE!JI@BA=C!F<!W<J@YM<>+!)C@C=CK+!5<E<bD<MC+!:;,;+!

!
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7,9,9,' K+2/33$A+"3%+7$+4-",/"1-(%)"

0C!AEX<==AYE!=>EJAEDC!F<!VCW>@!@<W@<K<EJC!DE!W@>=<K>!JI@BA=>!F<!F<KWMCbCBA<EJ>!

cD<!FAKW>E<!F<!DE!W>b>!<h=MDKAVCB<EJ<!F<KJAECF>!C!MC!AEX<==AYE+!.D!CWMA=C=AYE!K<!

MM<VC! C! =C?>! C! J@CVIK! F<! WCJ@>E<K! U<>BIJ@A=>K! X! C! FA]<@<E=AC! F<! MC! AEX<==AYE!

=P=MA=Cg!MC!<]A=A<E=AC!F<!?C@@AF>!BC=@>K=YWA=C!>!V>MDBIJ@A=C!M>U@CFC!C!J@CVIK!F<!MC!

ABWM<B<EJC=AYE!F<!<KJC! J<=E>M>UPC!<K!BCX>@g!C!=CDKC!F<! MC!=>E]AUD@C=AYE!F<! M>K!

W>b>K! F<! W@>FD==AYE! cD<! ]CV>@<=<E! DEC! B<T>@! FAKJ@A?D=AYE! F<M! VCW>@! <E! <M!

XC=ABA<EJ>+!/E! MC! ]AUD@C!,L!K<!<KcD<BCJAbC!<M! W@>=<K>!F<! AEX<==AYE!=>EJAEDC!F<!

VCW>@+!

!

Figura  16.  /KcD<BC!F<M!W@>=<K>!F<!AEX<==AYE!=>EJAEDC!F<!VCW>@+!
  

  
  
Fuente:!7/%%4!3/$%&0/(2!)&231#4! x/E! MPE<Cy+! e%<=DW<@CF>!<M!:L!F<!HDMA>!F<!:;,N+f!

'AKW>EA?M<!<E![JJWjtt?<@@XW<J@>M<DB+=>Bt!

!

'D@CEJ<!DE!W@>=<K>!F<!AEX<==AYE!=>EJAEDC!F<!VCW>@g!K<!W@<K<EJCE!<E!<M!XC=ABA<EJ>!

F<J<@BAECFCK!b>ECK!<E!]DE=AYE!F<M!JA<BW>!F<!AEX<==AYE!X!F<!MC!FAKJCE=AC!<EJ@<!M>K!
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W>b>K!F<! AEX<==AYE!X!W@>FD==AYE+!/KJCK!b>ECK!K<!=MCKA]A=CE!<E! MC!b>EC!F<!VCW>@!

KAJDCFC! <E! MCK! AEB<FAC=A>E<K! F<M! W>b>! AEX<=J>@g! <M! ?CE=>! F<! K>MV<EJ<!

=>@@<KW>EFA<EJ<!C!M>K!V>MiJAM<K!=>EF<EKCF>K!<E!b>ECK!BiK!]@PCK!F<M!XC=ABA<EJ>g!MC!

b>EC! F<! CUDC! =CMA<EJ<! ]>@BCFC! W>@! MC! WI@FAFC! F<M! =CM>@! MCJ<EJ<! F<M! VCW>@! F<!

AEX<==AYEg!<M!?CE=>!F<!C=<AJ<!]@A>!X!]AECMB<EJ<!MC!b>EC!]MDAFC!F<M!XC=ABA<EJ>!>!b>EC!

CaE!AECMJ<@CFC!W>@!<M!W@>=<K>!F<!AEX<==AYE+!

!

/E!MC!]AUD@C!,Ng!K<!<KcD<BCJAbCE!MCK!b>ECK!W@<VACB<EJ<!B<E=A>ECFCKg!CKP!=>B>!<M!

W<@]AM!F<!J<BW<@CJD@C!CM=CEbCF>!<E!=CFC!DEC!F<!<MMCKg!<VAF<E=AiEF>K<!=>E!=MC@AFCF!

cD<!MCK!BCX>@<K!J<BW<@CJD@CK!<E!<M!KAKJ<BC!K<!CM=CEbC@iE!<E!MC!W<@A]<@AC!F<M!W>b>!

AEX<=J>@+!

!

Figura  17.  3<@]AM!F<! J<BW<@CJD@C!X!KCJD@C=AYE!F<!C=<AJ<!VK!FAKJCE=AC!<EJ@<!W>b>K!

AEX<=J>@!X!W@>FD=J>@+!
!
  

  
  
  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Fuente:! 192/'g! $+g! 1FVCE=<F! %<K<@V>A@! 2CECU<B<EJ! CEF! /EUAE<<@AEUg! K<=>EF! <FAJA>Eg!

=[CWJ<@!Lg!"EJ@>FD=JA>E!J>!/E[CE=<F!&AM!%<=>V<@X+!:;,:+!

!
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0CK!=>EFA=A>E<K!F<!W@<KAYE!X! J<BW<@CJD@C!CM=CEbCFCK!<E!DE!W@>=<K>!F<! @<=>?@>!

=>E! VCW>@! K>E! ]DE=AYE! F<! MCK! JCKCK! F<! AEX<==AYE! X! F<! MC! W@>]DEFAFCF! F<! MC!

]>@BC=AYE!F<!AEJ<@IK+!2CX>@<K!W@>]DEFAFCF<Kg!J@CFD=AFCK!<E!W@<KA>E<K!BiK!CMJCK!C!

=CDKC! F<! MC! =C@UC! MAJ>KJiJA=C! F<! MCK! ]>@BC=A>E<K! KDW@CXC=<EJ<Kg! =>EMM<VC@CE! C!

AE=@<B<EJ>K! <E! MCK! W@<KA>E<K! F<! AEX<==AYE! WC@C! M>U@C@! AEJ@>FD=A@! <M! VCW>@! CM!

XC=ABA<EJ>!X!=CM<EJC@!<M!]MDAF>!F<!AEJ<@IKg!<M!W<J@YM<>+!!

!

1KP!BAKB>!KDBAEAKJ@C@!BCX>@<K!V>MaB<E<K!F<!]MDAF>!F<!AEX<==AYEg!@<KJ@AEUAF>K!W>@!

MC!=CWC=AFCF!F<! ]MDT>!F<! MC! ]>@BC=AYEg!U<E<@C@i!CDB<EJ>K!<E! MCK!W@<KA>E<K!<E!<M!

l<MM?>@<! cD<! @<W@<K<EJC@iE! F<! C=D<@F>! CM! FACU@CBC! J<@B>FAEiBA=>! 3! VK! 9g!

@<MC=A>ECF>! <E! MC! ]AUD@C! ,Qg! AE=@<B<EJ>K! <E! MC! J<BW<@CJD@C! F<! KCJD@C=AYE! F<M!

VCW>@g! ]CV>@C?M<! WC@C! M>U@C@! DEC! B<E>@! VAK=>KAFCF! F<M! C=<AJ<g! W<@>!

AE]>@JDECFCB<EJ<! <K<! AE=@<B<EJ>! <E! MC! J<BW<@CJD@C! C! =CDKC! F<! W@<KA>E<K! BiK!

CMJCKg! @<FD=A@i! MC! <EJ@<UC! F<! =CM>@! MCJ<EJ<! CM! KAKJ<BCg! W>@! M>! =DCM! W@<KA>E<K! BDX!

<M<VCFCK!WD<F<E!K<@!=>EJ@CW@>FD=<EJ<K!WC@C!MC!<]<=JAVAFCF!F<!MC!JI=EA=C+!!!!

!

/K! W>@! <MM>! cD<! <EJ@<! MCK! W@>WA<FCF<K! BiK! @<M<VCEJ<K! WC@C! MC! CWMA=C=AYE! F<! MC!

AEX<==AYE! F<! VCW>@! =>B>! BIJ>F>! F<! @<=>?@>! JI@BA=>! <E! W@AB<@C! AEKJCE=AC! K<!

<E=D<EJ@C! MC!W@>]DEFAFCFg!XC!cD<!<KJC!@<W@<K<EJC!DEC! MABAJCEJ<! ]PKA=C!F<?AF>!C! MC!

@<MC=AYE!FA@<=JC!<EJ@<!MCK!WI@FAFCK!F<!=CM>@!cD<!K<!J<EF@PCE!<E!<M!KAKJ<BC!F<?AF>!C!

MC!BCX>@!FAKJCE=AC!cD<!F<?<@i!@<=>@@<@!<M!VCW>@!C!J@CVIK!F<M!W>b>![CKJC!=>EJC=JC@!

]AECMB<EJ<!MC!]>@BC=AYE+!!

!

1FA=A>ECMB<EJ<g!MC!W@<KAYE!C!W@>]DEFAFCF<K!KDW<@A>@<K!C!GZ;;!]J!WD<F<!=>EMM<VC@!C!

cD<!<M! ]MDAF>!F<! AEX<==AYE!K>?@<WCK<!<M!WDEJ>!=@PJA=>!eG:;;!WKAfg! M>!cD<!@<W<@=DJ<!

<E!DE!W@>?M<BC!WC@C!MC!JI=EA=C!F<?AF>!C!cD<!<E!<KJC!=>EFA=AYE!E>!K<!<E=D<EJ@CE!

F<]AEAFCK!MCK!]CK<K!MAcDAFC!EA!UCK<>KCg!W>@!<EF<g!E>!K<!W>F@PC!=CM=DMC@!=>E!=MC@AFCF!

<M!=CM>@!cD<!CW>@JC@PC!=CFC!]CK<!F<M!]MDAF>!F<!AEX<==AYEg!=>B>!=CM>@!K<EKA?M<!X!=CM>@!

MCJ<EJ<g!C!MC!@>=C!X!]MDAF>K!W@<K<EJ<K!<E!<M!XC=ABA<EJ>+!

!
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Figura  18.  'ACU@CBC!F<!W@<KAYE!VK!<EJCMWPC!WC@C!<M!CUDC+!
!

!
  
  
  
  
  
  
  
  
  
  
  
  
  
Fuente:!.$/12!3%&'()$"&#!)&231#4!x/E!MPE<Cy+!e%<=DW<@CF>!<M!,N!F<!HDMA>!F<!:;,N+f!

'AKW>EA?M<!<E![JJWKjttlll+KJ<CB\>AM+=>Bt!
!

1KP!BAKB>!=C@C=J<@PKJA=CK!F<M!XC=ABA<EJ>!=>B>!<M!<KW<K>@!E<J>!F<!MC!]>@BC=AYE!X!

W@>WA<FCF<K! W<J@>]PKA=CK! JCM<K! =>B>! MC! KCJD@C=AYE! F<! C=<AJ<! X! MC! W>@>KAFCFg! K>E!

=>EKAF<@CF>K! WC@iB<J@>K! =MCV<K! WC@C! MC! VCM>@C=AYE! F<! DE! XC=ABA<EJ>! =>B>!

=CEFAFCJ>!W>J<E=ACM!WC@C!MC!ABWM<B<EJC=AYE!F<!MC!AEX<==AYE!F<!VCW>@!=>B>!BIJ>F>!

F<!@<=>?@>!B<T>@CF>+!)>E!<M!]AE!F<!<VCMDC@!<M!F<K<BW<k>!F<!MC!JI=EA=Cg!DE!=@AJ<@A>!

F<! B<FA=AYE! <BWM<CF>! WC@C! =DCEJA]A=C@! MC! <]A=A<E=AC! F<M! W@>=<K>! <K! MC! @<MC=AYE!

C=<AJ<\VCW>@!D!>AM!KJ<CB!@CJA>!e&.%f!W>@!KDK!KAUMCK!<E!AEUM<K+!/KJ<!WC@iB<J@>!=>B>!

KD! E>B?@<! M>! AEFA=C! @<MC=A>EC! V>MDBIJ@A=CB<EJ<! <M! C=<AJ<! W@>FD=AF>! X! <M! VCW>@!

AEX<=JCF>+! .<! =>EKAF<@C! DE! VCM>@! F<K<CF>g! DEC! BCUEAJDF! F<! &.%! BCX>@! C! ;+:g!

>?J<EAF>! <E! W@>X<=J>K! <hAJ>K>K! =>B>! M>! <K! <M! =CBW>! w<@E! %AV<@g! KAJDCF>! <E!

)CMA]>@EACg!/KJCF>K!(EAF>K-+!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
-!10Sg!_+!9<CVX!)@DF<!&AM!%<=>V<@X+!#1$&!1FVCE=<F!.JDFX!"EKJAJDJ<!>E!9<CVX!)@DF<!&AM!@<=>V<@X+!

$D@cDPCg!,8Q-+!
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/E!MC!]AUD@C!,8!Cf!K<!W@<K<EJC!<M!<]<=J>!cD<!JA<E<!<M!WC@iB<J@>!.>d!!<E!MC!@<MC=AYE!

C=<AJ<tVCW>@+!.<!<VAF<E=AC!cD<!=>E]>@B<!BCX>@!K<C!MC!KCJD@C=AYE!F<!C=<AJ<!Xt>!MC!

W>@>KAFCF! <E! <M! XC=ABA<EJ>g! K<! M>U@C@iE! BCUEAJDF<K! BCX>@<K! F<! MC! @<MC=AYE!

C=<AJ<tVCW>@+!3>@!>J@C!WC@J<g!<E!MC!]AUD@C!,8!?f!K<!<VCMaC!<M!<]<=J>!cD<!JA<E<!K>?@<!

<M!&.%g!<M!<KW<K>@!E<J>! e[Ef!F<! MC! ]>@BC=AYE!X!K<!>?K<@VC!cD<!=>E]>@B<!BCX>@!

K<C! <M! #$Rg! K<! >?J<EF@iE! <E! <M! W@>=<K>! BCUEAJDF<K! BCX>@<K! F<! &.%g! M>! cD<!

@<W@<K<EJC!DEC!=>EFA=AYE!]CV>@C?M<!WC@C!<M!W@>=<K>+!
  

Figura  19.  /]<=J>!F<!MC!KCJD@C=AYE!F<!C=<AJ<dW>@>KAFCF!e.>d!f!X!<KW<K>@g!K>?@<!MC!

@<MC=AYE!.&%+!!

!
  

  

Fuente:! .$1#_&%'! (#"5/%."$4+! $[<@BCM! &AM! %<=>V<@Xg! .JCE]>@F! 3@>U@CB! AE! /E<@UX!

%<K>D@=<K!/EUAE<<@AEUg!1U>KJ>g!:;,N+!

!

_AECMB<EJ<g! MC! ]AUD@C! :;! W@<K<EJC! DEC! U@i]A=C! cD<! @<MC=A>EC! M>K! WC@iB<J@>Kg!

@<MC=AYE! C=<AJ<tVCW>@! C=DBDMCFC! VK! .>d!d[Et[Jg! F>EF<! e[Jf! @<W@<K<EJC! <M! <KW<K>@!

J>JCMz! MC! =DCM! AE=>@W>@C! M>K! W@>X<=J>K! F<! AEX<==AYE! F<! VCW>@! MM<VCF>K! C! =C?>!

<hAJ>KCB<EJ<! <E! FAV<@K>K! =CBW>K! F<M! BDEF>+! '<! CMMP! K<! WD<F<E! <hJ@C<@!

=>EFA=A>E<K!W@>WA=ACK!WC@C!DEC!W>KA?M<!ABWM<B<EJC=AYE!F<!MC!JI=EA=C!=>B>!M>!K>E!

BCUEAJDF<K!F<!.>d!d[Et[J!KDW<@A>@!C!;+,-!X!@<MC=A>E<K!&.%!KDW<@A>@<K!C!;+:+!



	
   	
   42	
  

Figura  20.  'ACU@CBC!F<!W@<KAYE!VK!<EJCMWPC!WC@C!<M!CUDC+!
!

!

!

!

!
  

Fuente:!#"^g!/+g!2IJ>F>K!F<!@<=>?@>!B<T>@CF>j!"EX<==AYE!F<!VCW>@+!(EAV<@KAFCF!"EFDKJ@ACM!F<!

.CEJCEF<@+!7D=C@CBCEUC+!)>M>B?AC+!:;,N+!
!

1.4.   SELECCIÓN   DE   UN   CAMPO   DE   CRUDO   PESADO   PARA   LA  
APLICACIÓN  DE  LA  INYECCIÓN  CONTINUA  DE  VAPOR  COMO  MÉTODO  DE  
RECOBRO  TÉRMICO  

)>E! ?CK<! <E! MCK! CWMA=C=A>E<K! WC@C! MCK! =DCM<K! MCK! JI=EA=CK! F<! @<=>?@>! B<T>@CF>!

B<E=A>ECFCK![CE!KAF>!F<KC@@>MMCFCKg!<K!W>KA?M<!C!WC@JA@!F<!AE]>@BC=AYE!W<J@>]PKA=Cg!

W@>WA<FCF<K! F<! M>K! ]MDAF>K! X! =C@C=J<@PKJA=CK! F<M! XC=ABA<EJ>g! <VCMDC@! F<! ]>@BC!

J<Y@A=C! WC@C! =DCJ@>! =CBW>K! F<! =@DF>! W<KCF>! =>M>B?ACE>Kg! MC! VAC?AMAFCF! F<! MC!

ABWM<B<EJC=AYE!F<!MC!AEX<==AYE!F<!VCW>@!=>B>!BIJ>F>!/&%+!

!

1! =>EJAEDC=AYEg! K<! W@<K<EJCE! MCK! U<E<@CMAFCF<K! F<! M>K! =CBW>K! F<! =@DF>!

W@>WD<KJ>Kg!=>@@<KW>EFA<EJ<K!CM!=CBW>!%D?ACM<Kg!)[A=[AB<E<g!0C!)A@C\"E]CEJCK!X!

$<=Cz!CKP!=>B>!DEC!KPEJ<KAK!F<! MCK!W@>WA<FCF<K!X!=C@C=J<@PKJA=CK!BiK!@<M<VCEJ<K!

F<!=CFC!DE>!F<!<MM>K+!



	
   	
   43	
  

1.4.1.  D+*@$' !.%)+6"5b,' /M! =CBW>! %D?ACM<K! K<! <E=D<EJ@C! KAJDCF>! <E! <M!

F<WC@JCB<EJ>! F<M! 2<JC! X! CM! KD@<KJ<! F<! MC! =D<E=C! F<! M>K! 0MCE>K! &@A<EJCM<K+! _D<!

F<K=D?A<@J>!<E!,8Q,!W>@! MC!=>BWCkPC!/hh>E!C! J@CVIK!F<! MC!W<@]>@C=AYE!F<M!W>b>!

%D?ACM<K\,+! /E! <M! Ck>! :;;Q! MC! >W<@C=AYE! F<M! =CBW>! <K! CKDBAFC! W>@! 3C=A]A=!

%D?ACM<K! /E<@UX! )>@W>@CJA>E! =>E! DEC! W@>FD==AYE! F<! ,N+;;;! ?C@@AM<K! F<! W<J@YM<>!

W>@!FPC!X!M>U@C!KD!WA=>!F<!W@>FD==AYE!<E!<M!Ck>!:;,G!CM!W@>FD=A@!:,;+;;;!?C@@AM<K!

F<!W<J@YM<>!W>@!FPC+!/E!MC!C=JDCMAFCFg!C!WC@JA@!F<M!W@AB<@>!F<!TDMA>!F<!:;,Lg!F<?AF>!C!

MC! =DMBAEC=AYE! F<! M>K! =>EJ@CJ>K! F<! WC@JA=AWC=AYE! KD?KAFAC@AC! <EJ@<! MC! /BW@<KC!

)>M>B?ACEC!F<!3<J@YM<>K!X!3C=A]A=!%D?ACM<Kg!/=>W<J@>M!CKDBAY!MC!>W<@C=AYE!FA@<=JC!

F<M!)CBW>!%D?ACM<K+!

/E! MC! JC?MC! G! K<! W@<K<EJCE! MCK! W@>WA<FCF<K! W<J@>]PKA=CKg! F<! M>K! ]MDAF>K! X!

=C@C=J<@PKJA=CK! F<M! XC=ABA<EJ>! BiK! @<M<VCEJ<Kg! K>?@<! <M! =DCM! K<! <hJ@C<! MC!

W@>FD==AYE!F<M!=CBW>!%D?ACM<K+!
!

Tabla   3.! 3@>WA<FCF<K! W<J@>]PKA=CKg! F<! M>K! ]MDAF>K! X! =C@C=J<@PKJA=CK! U<E<@CM<K! F<M!

XC=ABA<EJ>!F<M!=CBW>!%D?ACM<K+!
"

Propiedad   Magnitud   Unidad  

3>@>KAFCF! ,Q!s!G;! p!
3<@B<C?AMAFCF!! G!\!:;! B'!
.CJD@C=AYE!F<!C=<AJ<! NZ!\!-:! p!
3@<KAYE!F<!?D@?DTC! Q;! 3KA!
3@>]DEFAFCF! :N;;! _J!
/KW<K>@!E<J>! ,-;!\!:;;! _J!
3@<KAYE!XC=ABA<EJ>! ,,N;! 3KA!
$<BW<@CJD@C!AEA=ACM! ,-Z! q_!
7>! ,+;,G! %7t.$7!
R&%! Z! .)_t.$7!

R@CV<FCF!13"! ,:+Z! q13"!
5AK=>KAFCF!r,Z;q_! GNZ! =W!
/KW<K>@!E<J>! ,-;!\!:;;! _J!

  
  

Fuente:  R*2/^g!2+g!1EiMAKAK!X!=DCEJA]A=C=AYE!F<!MCK!AE=<@JAFDB?@<K!U<>MYUA=CK!X!F<!AEU<EA<@PC!

<E!DE!K<=J>@!F<M!=CBW>!%D?ACM<K+!(EAV<@KAFCF!"EFDKJ@ACM!F<!.CEJCEF<@+!:;;8+!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
5	
   31)"_")! %(7"10/.! /#/%R4! 2/$13/$%&0/(2! )&%3+! _AM<K! >! [AKJ>@ACK! F<! W>b>! =CBW>!

%D?ACM<K+!:;;8+!
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7,E,8,' D+*@$' DF)#F)*"/"c,' /M! =CBW>! )[A=[AB<E<! F<K=D?A<@J>! <E! ,8L8! X!

>W<@CF>!<E!MC!C=JDCMAFCF!W>@!MC!/BW@<KC!)>M>B?ACEC!F<!3<J@YM<>K!/)&3/$%&0!

.+1+g!<KJi!M>=CMAbCF>!<E!<M!F<WC@JCB<EJ>!F<M!B<JCg!KAJDCF>!K>?@<!MC!=D<E=C!F<!M>K!

0MCE>K! &@A<EJCM<K! X! K<! <hJA<EF<! <E! DE! i@<C! F<! ,8! BAMMCK! =DCF@CFCK+! /M! W<J@YM<>!

>@AUAECM!<E!KAJA>!<K!F<!CW@>hABCFCB<EJ<!:Z;!BAMM>E<K!F<!?C@@AM<K!X!KD!W@>FD==AYE!

W@>V<EA<EJ<! F<! MCK! ]>@BC=A>E<K! RDCFCMDW<! X! .CE! _<@ECEF>! <K! =<@=CEC! C! M>K!

Q;+;;;!?C@@AM<K!F<!W<J@YM<>!W>@!FPC+""

/E! MC! JC?MC! -! K<! W@<K<EJCE! MCK! W@>WA<FCF<K! W<J@>]PKA=CKg! F<! M>K! ]MDAF>K! X!

=C@C=J<@PKJA=CK! F<M! XC=ABA<EJ>! BiK! @<M<VCEJ<Kg! K>?@<! <M! =DCM! K<! <hJ@C<! MC!

W@>FD==AYE!F<M!=CBW>!)[A=[AB<E<+!
!

Tabla   4.! 3@>WA<FCF<K! W<J@>]PKA=CKg! F<! M>K! ]MDAF>K! X! =C@C=J<@PKJA=CK! U<E<@CM<K! F<M!

XC=ABA<EJ>!F<M!=CBW>!)[A=[AB<E<+!
!

Propiedad   Magnitud   Unidad  

3>@>KAFCF! Q!\!:G! p!
3<@B<C?AMAFCF! G;!s!,:;;;! B'!
.CJD@C=AYE!F<!C=<AJ<! N:! p!
3@<KAYE!F<!?D@?DTC! L;;! 3KA!
3@>]DEFAFCF! L;;;! _J!
/KW<K>@!E<J>! :Z,! _J!
3@<KAYE!XC=ABA<EJ>! :L;;! 3KA!
$<BW<@CJD@C!XC=ABA<EJ>! ,Q;! q_!
7>! ,+;N! %7t.$7!
%K! G;;! .)_t.$7!

R@CV<FCF!13"! N!\!,;! q13"!
5AK=>KAFCF!r,Z;}_! ,Z;!\!N;;;! =W!

  
  

Fuente:!0&3/^g!H+g!<J!CM+!3@>FD=AEU!<hJ@C![<CVX!>AM!]@>B!0MCE>K!7CKAEg!)>M>B?ACg!J[@>DU[!

W@>U@<KKAV<!=CVAJX!WDBWK!CEF!<M<=J@A=!KD?B<@KA?M<!WDBWKj!=CK<!KJDFX!AE!)[A=[AB<E<!]A<MF+!

.3/!9<CVX!CEF!<hJ@C![<CVX!>AM!=>E]<@<E=<+!)>M>B?AC!:-!s!:L!F<!.<WJA<B?@<+!:;,-+!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
L!0&3/^g!H+g!)91(.$%/g!1+g!21%"#g!)+!3@>FD=AEU!<hJ@C![<CVX!>AM! ]@>B!0MCE>K!?CKAEg!)>M>B?ACg!

J[@>DU[!W@>U@<KKAV<!=CVAJX!WDBWK!CEF!<M<=J@A=!KD?B<@KA?M<!WDBWKj!)CK<!KJDFX! AE!J[<!)[A=[AB<E<!

]A<MF+!9<CVX!CEF!<hJ@C![<CVX!>AM!=>E]<@<E=<+!.>=A<JX!>]!3<J@>M<DB!/EUAE<<@K+!)>M>B?AC+!:;,-+!

	
  



	
   	
   45	
  

1.4.3.  D+*@$' G+' D)&+' H' A/I+/4+5,' 0C! )A@C\"E]CEJCK! <K! DE! =CBW>! KAJDCF>! <E! MC!

=D<E=C! F<M! 5CMM<! 2<FA>! F<M! 2CUFCM<EC! <E! MC! TD@AKFA==AYE! F<M! BDEA=AWA>! F<!

7C@@CE=C?<@B<TC+! /K! <M! =CBW>! BiK! CEJAUD>! F<M! WCPK! X! ]D<! F<K=D?A<@J>! W>@! MC!

$@>WA=CM! &AM! )>BWCEXg! ]AMACM! <E! )>M>B?AC! F<! MC! .JCEFC@F! &AMg! C! J@CVIK! F<! MC!

W<@]>@C=AYE!F<M!W>b>!"E]CEJCK!:!<E!,8,Q+!/M!WA=>!F<!W@>FD==AYE!K<!>?JDV>!<E!<M!Ck>!

F<!,8G8!=>E!DE!]MDT>!FAC@A>!F<!CW@>hABCFCB<EJ<!L;+;;;!?C@@AM<K!F<!W<J@YM<>+!/E!MC!

C=JDCMAFCF! 0C! )A@C\"E]CEJCK! <K! >W<@CF>! =>ETDEJCB<EJ<! W>@! /=>W<J@>M! .+1+! X!

&==AF<EJCM!1EFAEC!X!K<!F<KC@@>MMCE!<E!<M!=CBW>!W@>X<=J>K!F<!@<=>?@>!K<=DEFC@A>!

cD<! C! MC! ]<=[C! W<@BAJ<E! DEC! W@>FD==AYE! F<! -;+;;;! ?C@@AM<K! F<! W<J@YM<>! W>@! FPC!

e/=>W<J@>Mg:;,Nf+!

!

/E! MC! JC?MC! Z! K<! W@<K<EJCE! MCK! W@>WA<FCF<K! W<J@>]PKA=CKg! F<! M>K! ]MDAF>K! X!

=C@C=J<@PKJA=CK! F<M! XC=ABA<EJ>! BiK! @<M<VCEJ<Kg! K>?@<! <M! =DCM! K<! <hJ@C<! MC!

W@>FD==AYE!F<M!=CBW>!0C!)A@C\"E]CEJCK+!

!

Tabla   5.! 3@>WA<FCF<K! W<J@>]PKA=CKg! F<! M>K! ]MDAF>K! X! =C@C=J<@PKJA=CK! U<E<@CM<K! F<M!

XC=ABA<EJ>!F<M!=CBW>!0C!)A@C\"E]CEJCK+!

!
Propiedad   Magnitud   Unidad  

3>@>KAFCF! ::! p!
3<@B<C?AMAFCF! 8Z! B'!
.CJD@C=AYE!F<!C=<AJ<! ZZ! p!
3@<KAYE!F<!?D@?DTC! ,ZN;! 3KA!
3@>]DEFAFCF! G;N;! _J!
/KW<K>@!E<J>! :8;! _J!
3@<KAYE!XC=ABA<EJ>! ,,Z;! 3KA!
$<BW<@CJD@C!XC=ABA<EJ>! ,;Z! q_!
7>! ,+;Q! %7t.$7!
%K! ,Q,! .)_t.$7!

R@CV<FCF!13"! ,L!\!:Z! q13"!
5AK=>KAFCF!r,;;q_! ZQ! =W!

  
  

Fuente:! 2(~&^g! 0+g! .CEJCBC@PCg! .+g! /VCMDC=AYE! F<! M>K! BIJ>F>K! F<! =>EJ@>M! F<! C@<EC!

ABWM<B<EJCF>K!<E!<M!=CBW>!MC!)A@C!"E]CEJCK+!(EAV<@KAFCF!"EFDKJ@ACM!F<!.CEJCEF<@+!:;,L+!

!
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7,E,E,' D+*@$'1"#+,'$<=C!<K!DE!=CBW>!KAJDCF>!<E!MC!=D<E=C!F<M!5CMM<!2<FA>!F<M!

2CUFCM<EC! M>=CMAbCF>! <EJ@<! M>K! MPBAJ<K! F<! M>K! F<WC@JCB<EJ>K! F<! 1EJA>cDAC! X!

7>XC=i+! '<K=D?A<@J>! <E! ,8LNN! W>@! MC! $<hCK! 3<J@>M<DB! )>BWCEXg! $<=C! <K!

F<=MC@CF>!=>B<@=ACM!K>M>!:;!Ck>K!F<KWDIK+!/E!,8QL!K<!@<CMAbC!<M!W@AB<@!=A=M>!F<!

AEX<==AYE!F<!VCW>@!X!K<!>?JDV>!DEC!W@>FD==AYE!F<!,Q+;;;!?C@@AM<K!F<!W<J@YM<>!W>@!

FPC!e7&3'f+!/E!<M!Ck>!F<!,888!ED<V>K!W@>X<=J>K!F<!AEX<==AYE!=P=MA=C!W<@BAJA<@>E!

AE=@<B<EJC@! MC! W@>FD==AYE! C! ::+;;;! e7&3'f+! ! /E! MC! C=JDCMAFCF! <M! =CBW>! <K!

>W<@CF>!W>@!MC!]A@BC!&==AF<EJCM!3<J@>M<DB!X!KD!W@>FD==AYE!<K!F<!,Z;;!e7&3'f+!/M!

]C=J>@!F<!@<=>?@>!C!MC!]<=[C!<K!F<M!,Zp+"

!

/E! MC! JC?MC! L! K<! W@<K<EJCE! MCK! W@>WA<FCF<K! W<J@>]PKA=CKg! F<! M>K! ]MDAF>K! X!

=C@C=J<@PKJA=CK! F<M! XC=ABA<EJ>! BiK! @<M<VCEJ<Kg! K>?@<! <M! =DCM! K<! <hJ@C<! MC!

W@>FD==AYE!F<M!=CBW>!$<=C+!
  

Tabla   6.! 3@>WA<FCF<K! W<J@>]PKA=CKg! F<! M>K! ]MDAF>K! X! =C@C=J<@PKJA=CK! U<E<@CM<K! F<M!

XC=ABA<EJ>!F<M!=CBW>!$<=C+!
!

Propiedad   Magnitud   Unidad  

3>@>KAFCF! :Q! p!
3<@B<C?AMAFCF! Q;;! B'!
.CJD@C=AYE!F<!C=<AJ<! LZ! p!
3@>]DEFAFCF! ,-;;!\!::;;! _J!
/KW<K>@!E<J>! :,Z! _J!
3@<KAYE!XC=ABA<EJ>! G;;! 3KA!
$<BW<@CJD@C!XC=ABA<EJ>! ,;Z! q_!
7>! ,+;-! %7t.$7!
R@CV<FCF!13"! ,:+Z! q13"!
5AK=>KAFCF!r8Qq_! ,:,LG! =W!

  
Fuente:!%12S%/^g!0+g!.CEJCBC@PCg!.+g!/VCMDC=AYE!F<M!KAKJ<BC!F<!M<VCEJCBA<EJ>!W>@!

=CVAFCF<K!W@>U@<KAVCK!WC@C!=@DF>K!W<KCF>K!<E!M>K!=CBW>K!$<=C!X!#C@<+!(EAV<@KAFCF!

"EFDKJ@ACM!F<!.CEJCEF<@+!:;;L+!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
7	
  TRIGOS,	
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1.4.5.  (&$#"5$' 0"' -#&""/)/>,' )>E! ?CK<! <E! MC! AE]>@BC=AYE! W@<K<EJCFC! <E! MCK!

JC?MCK! Gg! -g! Zg! X! Lg! cD<! @<=>WAMCE! W@>WA<FCF<K! =>@@<KW>EFA<EJ<K! C! M>K! =CBW>K!

%D?ACM<Kg!)[A=[AB<E<g!0C!)A@C!X!$<=C!@<KW<=JAVCB<EJ<z!K<!<VCMDC@i!J<Y@A=CB<EJ<!

=DiM! F<! <MM>K! =DBWM<! =>E! MCK! =>EFA=A>E<K! @<cD<@AFCK! WC@C! MC! CWMA=C=AYE! F<! MC!

AEX<==AYE! =>EJAEDC! F<! VCW>@! =>B>! BIJ>F>! JI@BA=>! <E! <M! @<=>?@>! B<T>@CF>! F<!

[AF@>=C@?D@>K+!

!

3C@C!<MM>!<K!E<=<KC@A>!@<CMAbC@!DE!=>J<T>!<EJ@<!MCK!W@>WA<FCF<K!F<K=@AJCK!WC@C!M>K!

XC=ABA<EJ>K!=>@@<KW>EFA<EJ<K!C!=CFC!=CBW>g!X!MCK!KDU<@AFCK!F<!C=D<@F>!C!MC!UDPC!

F<!K<M<==AYE!@<]<@AFC!<E!MC!JC?MC!Ng!W@<K<EJCFC!W>@!eOCFA@g:;,-fQg!<M!=DCM!@<=>WAMC!

AE]>@BC=AYE!W@>VAKJC!W>@!FAV<@K>K!CDJ>@<K!JCM<K!=>B>!R<]]<E!e,8NGf!cDA<E!@<W>@JC!

<KJDFA>K! MM<VCF>K! C! =CBW>! X! <E! MC?>@CJ>@A>z! _C@>Dc! 1MP! e,8N-f! X! KDK! =@AJ<@A>! F<!

K<M<==AYE!WC@C!W@>=<K>K!F<!AEX<==AYE!=>EJAEDC!F<!VCW>@!?CKCFC!<E!=>@@<MC=A>E<K!

F<! ,L! =CBW>K! @<W>@JCF>K! <E! MC! MAJ<@CJD@Cz! 0<lAE! e,8NLf! X! KDK! CW>@J<K! WC@C!

K<M<==AYE! F<! BIJ>F>K! F<! @<=>?@>! ?CKCF>K! <E! =>EKDMJ>@PCK! <E! W@>X<=J>K! /&%z!

"X>[>!e,8NQf!cDA<E!@<W>@JY!WC@C!FA]<@<EJ<K!W@>=<K>K!/&%g!@CEU>K!F<!CWMA=C=AYE!F<!

FAV<@K>K!WC@iB<J@>K!=>E!?CK<!<E!:;;!=CBW>K!W<J@>M<@>K+!
!

7@CK[<C@!e,8QZfg!cDAIE!@<=>WAMY!AE]>@BC=AYE!W@>V<EA<EJ<!F<!CW@>hABCFCB<EJ<!:;;!

W@>X<=J>K! F<! @<=>?@>! B<T>@CF>! <E! /KJCF>K! (EAF>K! X! <VCMDY! MC! FCJC! F<KF<!

W<@KW<=JAVCK! JI=EA=CK! X! <=>EYBA=CKz! $C?<@! e,88Nf! W@>WDK>! DE! =@AJ<@A>! F<!

K=@<<EAEU! ?CKCF>! <E! AE]>@BC=AYE! F<! =CBW>! =>EKAF<@CEF>! <M! m>@MFlAF<! /&%!

.D@V<X! F<M! Ck>! F<! ,88Lz! 'A=oK>E! e:;,;f! W@<K<EJC! DE! =@AJ<@A>! =>E! ?CK<! <E!

<hW<@A<E=ACK!<! AE]>@BC=AYE!F<K=@AJC!<E! MC! MAJ<@CJD@C!X! ]AECMB<EJ<!1MCFCKCEA! e:;,;f!

C=JDCMAbC! MC! AE]>@BC=AYE! W@>VAKJC! W>@! $C?<@! <E! ,88Ng! <BWM<CEF>! MCK! <KJCFPKJA=CK!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
Q!O1'"%g!2+!(WFCJ<F!K=@<<EAEU!=@AJ<@AC!]>@!KJ<CB!]M>>FAEU!?CK<F!>E!>AM!]A<MF!W@>T<=JK!FCJC+!2CKJ<@K!

$[<K<Kg!2AKK>D@A!(EAV<@KAJX!>]!.=A<E=<!CEF!$<=[E>M>UX+!:;,-+!
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W@<K<EJCFCK! W>@! MC! &AM! {! RCK! H>D@ECM! <E! WD?MA=C=A>E<K! ?ACEDCM<K! F<M! m>@MFlAF<!

/&%!.D@V<X!<BAJAFCK!<EJ@<!M>K!Ck>K!F<!,88Q!X!:;;Q+!

  
Tabla   7.! RDPC! F<! K<M<==AYE! WC@C! MC! ABWM<B<EJC=AYE! F<! MC! AEX<==AYE! =>EJAEDC! F<!

VCW>@+!

!

  
  

Fuente:!O1'"%g!2+!(WFCJ<F!K=@<<EAEU!=@AJ<@AC!]>@!KJ<CB!]M>>FAEU!?CK<F!>E!>AM!]A<MF!W@>T<=JK!

FCJC+!2CKJ<@K!$[<K<Kg!2AKK>D@A!(EAV<@KAJX!>]!.=A<E=<!CEF!$<=[E>M>UX+!:;,-+!

!

)>E!<M!]AE!F<!VAKDCMAbC@!X!=>J<TC@!F<!B<T>@!]>@BC!MC!AE]>@BC=AYE!W@>VAKJC!<E!MC!JC?MC!

N! X! MCK! W@>WA<FCF<K! =>@@<KW>EFA<EJ<K! C! =CFC! =CBW>! =CEFAFCJ>g! K<! W@<K<EJC! F<!

BCE<@C!AEJ<U@CFC!<KJC!AE]>@BC=AYE!<E!MC!JC?MC!Q+!
!

'<! MC! JC?MC! Q! K<! K<kCMC! =>E! =>M>@! @>T>! M>K! WC@iB<J@>K! cD<! WC@C! =CFC! =CBW>! K<!

<E=D<EJ@CE! ]D<@C! F<M! AEJ<@VCM>! W@>WD<KJ>! W>@! MC! UDPC! F<! K<M<==AYE! WC@C! MC!

ABWM<B<EJC=AYE! F<! MC! AEX<==AYE! =>EJAEDC! F<! VCW>@+! 3>@! >J@C! WC@J<g! K<! @<KCMJC! F<!

=>M>@!V<@F<!<M!=CBW>!=DX>K!WC@iB<J@>K!K<!CTDKJCE!C!J>F>K!M>K!AEJ<@VCM>K!W@>VAKJ>K!

=>B>! @<]<@<EJ<K! WC@C! MC! CWMA=C=AYE! F<! MC! J<=E>M>UPCg! <KJ<! =CBW>! =>@@<KW>EF<! C!

$<=C+!!
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Tabla  8.!"E]>@BC=AYE!AEJ<U@CFC!F<!M>K!WC@iB<J@>K!F<!K=@<<EAEU!WC@C!MC!CWMA=C=AYE!

F<! MC! AEX<==AYE! =>EJAEDC! F<! VCW>@! X! MCK! W@>WA<FCF<K! F<! M>K! XC=ABA<EJ>K!

=>@@<KW>EFA<EJ<K!C!M>K!=CBW>K!=CEFAFCJ>K!F<!CWMA=C=AYE!F<!MC!J<=E>M>UPC+!!

!
Propiedad   %D?ACM<K! )[A=[AB<E<! )A@C!"E]CEJCK! $<=C! Screening   (EAFCF!

Porosidad   ,Q!s!G;! Q!\!:G! ::! 28   >  20   p!

Permeabilidad   G;!\!:;;;! G;!s!,:;;;! 40  -­  111   800   >  250   B'!

Saturación  aceite   50  -­  40   N:! ZZ! 65   >  50   p!

So.!   0.10   ;+,,! ;+,:! 0.18   >  0.10   _@C==AYE!

Profundidad   :N;;! 6000   3070   1400  -­  2200   <  3000   _J!

Espesor  neto   ,-;!\!:;;! :Z,! :8;! 215   >  20   _J!

Presión   ,,N;! ,:;;! ,,Z;! 300   -­   3KA!

Temperatura   ,-Z! ,Q;! ,;Z! 105   -­   q_!

Bo   ,+;,G! ,+;N! ,+;Q! 1.04   -­   %7t.$7!

Gravedad  API   ,:+Z! 7  -­  10   ,L!\!:Z! 12.5   >  10   q13"!

Viscosidad   GNZr,Z;q_! N;;;r,Z;q_! ZQr,;;! 12163@105   <  100.000   )W!

!

(E! WC@iB<J@>! ABW>@JCEJ<! K>?@<! <M! =DCM! <KJ<! =CBW>! W@<VCM<! <K! <M! .>d!+! /KJC!

W@>WA<FCF! cD<! K<! <E=D<EJ@C! U@C]A=CFC! <E! MC! ]AUD@C! :;g! @<W@<K<EJC!

=DCEJAJCJAVCB<EJ<!<M!=>EJ<EAF>!F<![AF@>=C@?D@>!FAKWD<KJ>!<E!<M!<KWC=A>!W>@>K>!F<M!

XC=ABA<EJ>+!/E!<MMC!K<!WD<F<!<VAF<E=AC@!cD<!<M!Q;p!F<!M>K!W@>X<=J>K!F<!VCW>@!K<!

KAJaCE! K>?@<! ;+,g! <E! <M! =CK>! F<M! =CBW>! $<=Cg! <KJ<! >?JDV>! <M! VCM>@! BiK! CMJ>!

=>@@<KW>EFA<EJ<!C!;+,Q+!!!

!

1KP!BAKB>!<M! =CBW>!K<M<==A>ECF>! =D<EJC! =>E!DEC! V<EJCTC!>W<@CJAVC!<E! @<MC=AYE!

=>E!M>K!=CBW>K!F<!=@DF>!W<KCF>!W@>WD<KJ>Kg!<KJC!V<EJCTC!>?<F<=<!C!cD<!F<KF<!<M!
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Ck>!F<!,8888!K<! MM<VC!C!=C?>! MC! AEX<==AYE!=P=MA=C!F<!VCW>@g! M>!cD<!@<W@<K<EJC!DE!

CVCE=<!KAUEA]A=CJAV>!<E!AE]@C<KJ@D=JD@C!X!CFA=A>ECMB<EJ<!M>K!=A=M>K!MM<VCF>K!C!=C?>!

W@>BD<V<E! =>EFA=A>E<K! ]CV>@C?M<K! <E! <M! XC=ABA<EJ>! WC@C! DEC! W>KJ<@A>@!

ABWM<B<EJC=AYE!F<!MC!AEX<==AYE!=>EJAEDC+!
!

2.   DETERMINACIÓN  CUANTITATIVA  DEL  AZUFRE  REACTIVO  A  TRAVÉS  DE  
PRUEBAS  DE  CARACTERIZACIÓN  DE  DISTRIBUCIÓN  DE  AZUFRADOS  

0C! ABWM<B<EJC=AYE! F<! MC! JI=EA=C! F<! VCW>@! =>B>! BIJ>F>! F<! @<=>?@>! JI@BA=>! <E!

XC=ABA<EJ>K! F<! =@DF>! W<KCF>! X! KD! @<MC=AYE! =>E! <M! AE=@<B<EJ>! U@CFDCM! <E! MC!

U<E<@C=AYE!F<!UCK<K!i=AF>Kg!=>EMM<VY!C!9XE<!<E!,8Q:!C! AEJ@>FD=A@!<M! JI@BAE>!F<!

C=DCJ<@BYMAKAK! x,Zy+! 0C! C=DCJ<@BYMAKAK! [C=<! @<]<@<E=AC! C! CcD<MMCK! AEJ<@C==A>E<K!

cDPBA=CK! MM<VCFCK!C!=C?>!<E!DE!CB?A<EJ<!CEC<@Y?A=>!<EJ@<!<M!CUDC!X!<M!W<J@YM<>!

<E!W@<K<E=AC!F<!=CM>@+!/M!WMCEJ<CBA<EJ>!F<!<KJC!ED<VC! J<@BAE>M>UPC!FAK=@<JAbCFC!

<E! MCK! @CP=<K! CcDCg! J[<@B>K! X! MXKAKg! =>@@<KW>EFA<EJ<K! C! CUDCg! =CM>@! X! @DWJD@C!

@<KW<=JAVCB<EJ<g!?DK=C?C!@<K<kC@!<M!W@>=<K>!F<!]@C==A>ECBA<EJ>!F<!F<J<@BAECF>K!

=>BW>E<EJ<K! W@<K<EJ<K! <E! <M! =@DF>! W>@! <]<=J>! F<! CcD<MMCK! @<C==A>E<K! cDPBA=CK!

>=CKA>ECFCK!C!=CDKC!F<!MC!AEX<==AYE!F<!VCW>@!ewCWCFACg:;,Zf+!!
!

"E]>@JDECFCB<EJ<!MCK!?>EFCF<K!cD<!?@AEFC!MC!JI=EA=C!WC@C!MC!<hWM>JC=AYE!F<!<KJ>K!

@<=D@K>K!K<!V<E!FAKBAEDAFCK!C!=CDKC!F<M!AE=@<B<EJ>!U@CFDCM!<E!MC!U<E<@C=AYE!F<!

UCK<K!i=AF>K!=>B>! M>K!YhAF>K!F<!=C@?>E>!X!<M!i=AF>!KDM][PF@A=>+!/KJ>!=>EMM<VY!C!

e9XE<g,8QLf!C!W@<K<EJC@!DEC!@<=>WAMC=AYE!F<!M>K!<KJDFA>K!F<KC@@>MMCF>K!<EJ>@E>!C!

MCK! @<C==A>E<K!cDPBA=CK!W@<K<EJ<K!<EJ@<!<M!CUDC!X!<M!=@DF>!FD@CEJ<!W@>=<K>K!F<!

<KJABDMC=AYE! F<! VCW>@+! )>B>! @<KDMJCF>! F<]AEAY! DEC! V<EJCEC! F<! J<BW<@CJD@CK!

F>EF<!W@<F>BAECE!MCK!@<C==A>E<K!F<!C=DCJ<@BYMAKAK+!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
8! $%"R&.g! 2+g! R&#^10/.g! 1+g! 3"#"001g! H+g! 2(~&^g! .+g! 2/%)1'&g! '+! _<CKA?AMAJX! KJDFX! >]!

CWWMXAEU! KJ<CB]M>>FAEU! AE! C! @<K<@VWA@! lAJ[! [AU[! K[CM<tKCEFj! $<=C! ]A<MF+! $@AEAFCF! X!$>?CU>!<E<@UX!

@<K>D@=<K!=>E]<@<E=<+!.>=A<JX!>]!3<J@>M<DB!/EUAE<<@K+!$@AEAFCF+!:;,;+!
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9XE<!AF<EJA]A=C!cD<!=DCEF>!MCK!J<BW<@CJD@CK!K>E!AE]<@A>@<K!C!GZ;q)!MC!U<E<@C=AYE!

F<!UCK!<K! @<FD=AFCg! CKP! =>B>! MC! =>EV<@KAYE!F<!C=<AJ<!<E! =>cD<g!F<]AEA<EF>!cD<!

?CT>!<KJC!=>EFA=AYE!MCK!@<C==A>E<K!F<!C=DCJ<@BYMAKAK!W@<VCM<=<E+!3>@!<M!=>EJ@C@A>g!

=DCEF>!MCK!J<BW<@CJD@CK!KDW<@CE!M>K!GZ;q)!W@<F>BAECE!@<C==A>E<K!F<!=@CcD<>!X!

@DWJD@C!B>M<=DMC@!@<]M<TCFC!<E!DE!CDB<EJ>!KAUEA]A=CJAV>!<E!MC!W@>FD==AYE!F<!UCK!X!

MC!U<E<@C=AYE!F<!=>cD<+!
!

/EJ@<! MCK!@<C==A>E<K!W@<K<EJ<K!CK>=ACFCK!C! MCK!F<!C=DCJ<@BYMAKAKg!K<!<E=D<EJ@CE!

MCK! F<! F<KDM]D@C=AYEg! MCK! =DCM<K! W@>FD=<E! i=AF>! KDM][PF@A=>! e9:.f! CM! ]CV>@<=<@! <M!

@>BWABA<EJ>! =CF<ECK! >@UCE>KDM]D@>KCK! W@<K<EJ<K! <E! <M! =@DF>g! W@>B>VA<EF>! MC!

MA?<@C=AYE! F<! A>E<K! CbD]@<! <E! <M! XC=ABA<EJ>g! cD<! <E! W@<K<E=AC! F<! [AF@YU<E>!

U<E<@C@iE!i=AF>!KDM][PF@A=>g!=>B>!K<!>?K<@VC!<KcD<BiJA=CB<EJ<!<E!MC!_AUD@C!:,+!
!!
Figura  21.  /KcD<BC!F<!F<KDM]D@C=AYE!W@<K<EJ<!<E!@<C==A>E<K!F<!C=DCJ<@BYMAKAK!
!
!

!
!

  
  
  

Fuente:!1%7&0/'1g!1+!)1.$"00&g!1+!/KJDFA>!F<!MC!C=DCJ<@BYMAKAK!=CJCMPJA=C!<E!W@>=<K>K!F<!

DWU@CFAEU! F<! =@DF>K! W<KCF>K! =>B>! BIJ>F>! =>BWM<B<EJC@A>! <E! <M! @<=>?@>! JI@BA=>! F<!

[AF@>=C@?D@>K+! R@DW>! F<! "EV<KJAUC=AYE! %<=>?@>! 2<T>@CF>+! (EAV<@KAFCF! "EFDKJ@ACM! F<!

.CEJCEF<@+!7D=C@CBCEUC+!)>M>B?AC+!:;,N+!

!"#$"%&'%(')*

+,,,,-. +,,,,-.

+,,,,-. +,,,,-.
/0

12!"32% 12!"32%

12!"32% 12!"32% 45'2 6$27*% 6$27*$"*%

6$27*$"*% 0"!)*5#7* 83"!*,&'%(9"!)"3* 6$27*

2:

;:

3:
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/KJ<! CbD]@<! W@<K<EJ<! <E! <M! [AF@>=C@?D@>! WD<F<! =MCKA]A=C@K<! <E! F>K! =CJ<U>@PCKg!

@<C=JAV>! X! E>! @<C=JAV>g! =>@@<KW>EFA<EJ<K! C! MCK! ]CBAMACK! F<! KDM]D@>K! X! JA>]<E>K!

@<KW<=JAVCB<EJ<,;+! 0>K! KDM]D@>K! =>@@<KW>EF<E! C! <KJ@D=JD@CK! ?<E=IEA=CK! cD<!

W@<K<EJCE! [<J<@>iJ>B>K! F<! CbD]@<! <E! MCK! =CF<ECK! MAE<CM<K! F<! U@DW>K! CMcDAM>K!

DEAFCK!CM!CEAMM>!C@>BiJA=>g!W>@!<M!=>EJ@C@A>g!M>K!JA>]<E>K!=>EJA<E<E!<KJ<!<M<B<EJ>!CM!

AEJ<@A>@! F<M! CEAMM>! C@>BiJA=>+! /KJC! =C@C=J<@PKJA=C! M<! W@>V<<! BCX>@! <KJC?AMAFCF! C! MC!

B>MI=DMCg! MABAJCEF>! MC! MA?<@C=AYE! F<! <KJ<! [<J<@>iJ>B>! C! =>EFA=A>E<K! F<!

J<BW<@CJD@C!BCX>@<K!=>E!@<MC=AYE!C!M>K!KDM]D@>Kg!cD<g!CM!W@<K<EJC@!<KJ<!<M<B<EJ>!

<E! DEC! <KJ@D=JD@C! MAE<CMg! <K! BiK! W@>W<EK>! C! MA?<@C@! <M! iJ>B>! F<! CbD]@<! C!

=>EFA=A>E<K! B<E>@<K! F<! J<BW<@CJD@C! =>E! @<KW<=J>! C! M>K! JA>]<E>K+! /K! W>@! <KJC!

@CbYE! cD<! K<! W@>=<F<@i! C! F<J<@BAEC@! MC! ]@C==AYE! F<! CbD]@<! @<C=JAV>! <E! DE!

[AF@>=C@?D@>!=>E!<M!]AE!F<!<KJC?M<=<@!KD!W@>W<EKAYE!C!W@>FD=A@!i=AF>!KDM][PF@A=>+!
!

!

!

!

!

!

!

!

!

!

/M! CbD]@<! <K! MC! <KW<=A<! [<J<@>CJYBA=C! BiK! C?DEFCEJ<! W@<K<EJ<! <E! MC! <KJ@D=JD@C!

B>M<=DMC@!F<M!W<J@YM<>11+!.D!W@<K<E=AC!<E!M>K!=@DF>K!<K!=>EKAF<@CF>!DE!AEFA=CF>@!

F<! MC! J<EF<E=AC!cD<! JA<E<E! M>K![AF@>=C@?D@>K!WC@C! ]>@BC@!=>BWD<KJ>K!CbD]@CF>Kg!

M>K!=DCM<K!@<W@<K<EJCE!DE!]C=J>@!=@PJA=>!<E!M>K!W@>=<K>K!F<!@<]AEC=AYE!W>@!B>JAV>!F<!

M>K! W@>?M<BCK! >W<@C=A>ECM<K! cD<! <KJ<! U<E<@Cg! CKP! =>B>! M>K! K>?@<=>KJ>K!

>=CKA>ECF>K! <E! M>K! W@>=<K>K! WC@C! =DBWMA@! =>E! MC! <hAU<EJ<! E>@BCJAVC! CB?A<EJCM!

cD<!=CKJAUC!<M!=>EJ<EAF>!F<!<KJ<!<M<B<EJ>!<E!M>K!=>B?DKJA?M<K+!
!

1KP! BAKB>! <KJC! =C@C=J<@PKJA=C! @<W@<K<EJC! DE! WC@iB<J@>! cD<! ABWC=JC! C! M>K!

[AF@>=C@?D@>K!<E!JI@BAE>K!F<!VCM>@!X!=CMAFCF+!0>K!=@DF>K!CU@A>K!=>@@<KW>EFA<EJ<K!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
,;! 0&7&'"#g! 5+! 5+g! %&77"#.g! m+! w+g! 0(g! H+g! {! %&'R/%.g! %+! 3+! e:;,Zf+! .<WC@CJA>E! CEF!

=[C@C=J<@AbCJA>E! >]! @<C=JAV<! CEF! E>E\@<C=JAV<! KDM]D@! AE! W<J@>M<DB! CEF! AJK! ]@C=JA>EK+!?+/):2" \"

@4/0&g!]de,;fg!L,NN\L,QL+!

	
  

,,! 0"(g! 3+g! .9"g! O+g! )9(#Rg! w+! 9+g! ^91#Rg! 4+g! 31#g! #+g! ^91&g! .+g! {! �(g! )+! 2>M<=DMC@!

=[C@C=J<@AbCJA>E!>]!KDM]D@!=>BW>DEFK!AE!5<E<bD<MC!=@DF<!>AM!CEF!AJK!.1%1!]@C=JA>EK!?X!<M<=J@>KW@CX!

A>EAbCJA>E! _>D@A<@! J@CEK]>@B! A>E! =X=M>J@>E! @<K>ECE=<! BCKK! KW<=J@>B<J@X+!?+/):2" \" @4/0&g!]ee8fg!

Z;Q8\Z;8L+!:;,;+!
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C!CcD<MM>K!=>E!DE!=>EJ<EAF>!F<!CbD]@<!KDW<@A>@!CM!,pg!=D<EJCE!=>E!DE!VCM>@!B<E>@!

<E!<M!B<@=CF>!=>E!@<MC=AYE!C!M>K!=@DF>K!FDM=<K!=DX>!=>EJ<EAF>!K<C!AE]<@A>@!CM!,pg!

F<?AF>! C! cD<! M>K! W@AB<@>K! U<E<@CE! W@>?M<BCK! =>B>! MC! F<KC=JAVC=AYE! F<!

=CJCMAbCF>@<K! <E! W@>=<K>K! F<! @<]AEC=AYE! X! CFA=A>ECMB<EJ<! JA<E<E! DE! <]<=J>!

E<UCJAV>! <E! <M! B<FA>! CB?A<EJ<! XC! cD<! W@>FD=<E! =>B?DKJA?M<K! cD<! U<E<@CE!

BCX>@<K!<BAKA>E<K!=>EJCBAECEJ<K,:+!

!

0C!W@<K<E=AC!F<!CbD]@<!<E!<M!W<J@YM<>!<K!]DE=AYE!F<!MC!BCFD@<b!X!F<!MC!=CMAFCF!F<M!

[AF@>=C@?D@>g!<E!=@DF>K! MAVACE>K!<M!W>@=<EJCT<!<E!W<K>!F<M!<M<B<EJ>!<E!B<E=AYE!

WD<F<! K<@! F<! ;g,pg! W>@! <M! =>EJ@C@A>g! <E! =@DF>K! W<KCF>K! X! C@<ECK! ?AJDBAE>KCK!

WD<F<E!@<W@<K<EJC@![CKJC!<M!,;p,G+!0>K!=>BW>E<EJ<K!CbD]@CF>K!W@<K<EJ<K!<E!<M!

[AF@>=C@?D@>!=D<EJCE!=>E!DEC!VC@A<FCF!F<!<KJ@D=JD@CKg!=MCKA]A=CFCK!cDPBA=CB<EJ<!

<E!=MCK<Kg!<EJ@<! MCK!cD<!K<!<E=D<EJ@CE! M>K!KDM]D@>Kg!FAKDM]D@>K!X! JA>]<E>Kz!KA<EF>!

<KJ>K! aMJAB>K! M>K! =>BWD<KJ>K! >@UCE>KDM]D@>K>K! W@<VCM<=A<EJ<K! <E! <M! W<J@YM<>,-+!!

0>K! KDM]D@>K! C@>BiJA=>K! >! JA>]IEA=>K! @<W@<K<EJCE! <E! W@>B<FA>! MCK! :tG! WC@J<K! F<M!

CbD]@<!W@<K<EJ<!<E!<M!=@DF>!X!=>@@<KW>EF<E!C!MC!]CBAMAC!F<!CbD]@CF>K!@<]@C=JC@AC!>!

BiK!<KJC?M<+!

!

3>@!>J@C!WC@J<g! M>K! KDM]D@>K! X! M>K!FAKDM]D@>K! @<W@<K<EJCE! M>K! =>BW>E<EJ<K!B<E>K!

<KJC?M<K! X! W>@! <EF<! K>E! M>K! =>BWD<KJ>K! BiK! W@>W<EK>K! C! @<C==A>EC@! ?CT>! MCK!

=>EFA=A>E<K!J<@B>FAEiBA=CK!CM=CEbCFCK!<E!W@>=<K>K!F<!@<=>?@>!JI@BA=>!=>B>!MC!

AEX<==AYE! F<! VCW>@+! /K! W>@! <KJC! @CbYE! cD<! K<! [C=<! =>EV<EA<EJ<! FAK=@<JAbC@! MC!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
,:!m1#Rg!2+g!<J!CM+!1WW@>C=[!]>@!K<M<=JAV<!K<WC@CJA>E!>]!J[A>W[<EA=!CEF!KDM]AFA=!KDM]D@!=>BW>DEFK!

]@>B!W<J@>M<DB!?X!B<J[XMCJA>EtF<B<J[XMCJA>E+!!+-027$3-0"3C/.$&7)2g!fge:fg!,;QG\,;QQ+!:;,Z+!
!
,G! '/! 3/"#'/%g! 3+g! <J! CM+! .DM]D@! KW<=ACJA>E! >]! =@DF<! >AMK! ?X! WC@JACM! M<CKJ! KcDC@<K! @<U@<KKA>E!

B>F<MAEU!>]!J[<A@!AE]@C@<F!KW<=J@C+!?+/):2"\"@4/0&g!]ee,fg!ZZN\ZL:+!:;;8+!
	
  

,-! 0>?>FAEg! 5+! <M! CM+! .<WC@CJA>E! CEF! =[C@C=J<@AbCJA>E! >]! @<C=JAV<! CEF! E>E\@<C=JAV<! KDM]D@! AE!

W<J@>M<DB!CEF!AJK!]@C=JA>EK+!?+/):2"\"@4/0&g!]de,;fg!L,NN\L,QL+!:;,Z+!
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]@C==AYE!CbD]@CFC!W@<K<EJ<!<E!<M!W<J@YM<>g!XC!cD<!MC!W@<K<E=AC!F<!<KJCK!]CBAMACK!<E!

?CTC! >! <E! U@CE! B<FAFCg! W@>V<<E! AE]>@BC=AYE! @<MC=A>ECFC! F<KF<! MC! BCFD@<b! F<M!

[AF@>=C@?D@>g![CKJC!MC!J<EF<E=AC!F<!W@>FD=A@!=>BWD<KJ>K!AEF<K<CF>K!=>B>!<M!9:.+!

/E! MC! ]AUD@C! ::g! K<! W@<K<EJC! DE! <KcD<BC! F<! MC! =MCKA]A=C=AYE! F<! M>K! =>BWD<KJ>K!

CbD]@CF>K!W@<K<EJ<K!<E!<M!W<J@YM<>+!
!

0C! =C@C=J<@AbC=AYE! F<! MCK! ]CBAMACK! CbD]@CFCK! WD<F<! MM<VC@K<! C! =C?>! C! J@CVIK! F<!

FAV<@KCK!B<J>F>M>UPCK!<EJ@<!MCK!=DCM<K!K<!<E=D<EJ@CE!MC!=@>BCJ>U@C]PC!F<!UCK<Kg!

MC! <KW<=J@>B<J@PC! F<! BCKCKg! M>K! CEiMAKAK! F<! ]MD>@<K=<E=AC! F<! @CX>K! �g! CKP! =>B>!

BIJ>F>K!]AKA=>cDPBA=>K!F<!K<WC@C=AYE!cD<!W<@BAJ<!F<J<@BAEC@!=DCEJAJCJAVCB<EJ<!<M!

W>@=<EJCT<!F<!]CBAMACK!@<C=JAVCK!X!E>!@<C=JAVCK!W@<K<EJ<K!<E!<M!W<J@YM<>+!

!

Figura  22.  )MCKA]A=C=AYE!F<!MCK!]CBAMACK!CbD]@CFCK!W@<K<EJ<K!<E!<M![AF@>=C@?D@>+!
!

  

  
  

  

Fuente:! 0&7&'"#g! 5+g! <J! CM+! .<WC@CJA>E! CEF! =[C@C=J<@AbCJA>E! >]! @<C=JAV<! CEF! E>E\@<C=JAV<!

KDM]D@!AE!W<J@>M<DB!CEF!AJK!]@C=JA>EK+!/E<@UX!{!_D<MKg!:8e,;fg!L,NN\L,QL+!:;,Z+!
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0C!F<J<@BAEC=AYE!=DCEJAJCJAVC!F<!MCK!]CBAMACK!F<!CbD]@<!C!J@CVIK!F<!DE!CEiMAKAK!F<!

FAKJ@A?D=AYE! F<! CbD]@CF>Kg! <K! DE! WC@iB<J@>! ABW>@JCEJ<! WC@C! <KJC?M<=<@! MC!

C?DEFCE=AC!F<!DEC!]CBAMAC!<M!AEJ<@A>@!F<!MC!=>BW>KA=AYE!F<M!W<J@YM<>g!W<@>!F<!AUDCM!

]>@BC! K<! [C=<! ABW>@JCEJ<! CECMAbC@! KD! K<EKA?AMAFCF! C! MCK! =>EFA=A>E<K!

J<@B>FAEiBA=CK! M>U@CFCK! <E! MC! AEX<==AYE! F<! VCW>@g! =>E! <M! ]AE! F<! <VCMDC@! KD!

]C=JA?AMAFCF!WC@C!MC!W@>FD==AYE!F<!9:.g!F<?AF>!CM!W>J<E=ACM!cD<!JA<E<!MC!JI=EA=C!WC@C!

MC!]>@BC=AYE!F<!i=AF>!KDM][PF@A=>!C!=CDKC!F<!MCK!@<C==A>E<K!cD<!>=D@@<E!W>@!B>JAV>!

F<!MC!ABWM<B<EJC=AYE!F<!<KJ>K!W@>=<K>K!F<!@<=>?@>!JI@BA=>!F<![AF@>=C@?D@>K,Zg,L+!

!

1!=>EJAEDC=AYEg!K<!F<JCMMC@i!<M!W@>=<FABA<EJ>!<hW<@AB<EJCM!WC@C! MC!F<J<@BAEC=AYE!

F<!MC!]@C==AYE!F<!CbD]@<!@<C=JAV>!F<!DE![AF@>=C@?D@>g!C!J@CVIK!F<!MC!<KW<=AC=AYE!F<!

CbD]@CF>K!W@>WD<KJC!W>@!0>?>FAE!e:;,Zf+!
!
!

!

!

2.1.   PRUEBA  DE  ESPECIACIÓN  DE  AZUFRADOS.  

R<E<@CMB<EJ<! <M! CbD]@<! JA>]IEA=>g! CcD<M! KAJDCF>! <E! MC! <KJ@D=JD@C! F<! CEAMM>K!

C@>BiJA=>Kg!<K!<M!BiK!C?DEFCEJ<!F<! M>K!=>BWD<KJ>K!>@UCE>KDM]D@>K>K!W@<K<EJ<K!

<E!<M!W<J@YM<>,N!X!=>@@<KW>EF<!CM!CbD]@<!E>!@<C=JAV>+!3>@!>J@C!WC@J<g!M>K!KDM]D@>K!X!

FAKDM]D@>K!K>E!CbD]@<K!JI@BA=CB<EJ<!@<C=JAV>K!X!=>@@>KAV>K+!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
,Z! $9"22g! 9+! _+! 1cDCJ[<@B>MXKAK! CEF! .>D@=<K! >]! 3@>FD=<F! RCK<K! AE! .1R'+! "E!L=?" X/-12" N$0"

<%+6/)/+3/R<-+-,-+!.>=A<JX!>]!3<J@>M<DB!/EUAE<<@K+!HDEA>+!:;,-+!
	
  

,L!w&m10/m.w"g!"+g!<J!CM+!_>@BCJA>E!>]!9!:!.!CEF!KDM]D@\@A=[!?AJDB<E!]@>B!C!@<K<@V>A@![<CVX!>AM!AE!

J[<!W@<K<E=<!>]!<M<B<EJCM!KDM]D@+!N):-+$3";/%3C/.$&7)2g!e_e8fg!8Z,\8ZQ+!:;,;+!
!
,N! 0&7&'"#g! 5+g! %&77"#.g! m+g! 0(g! H+g! {! %&'R/%.g! %+! 3+! e:;,Zf+! .<WC@CJA>E! CEF!

=[C@C=J<@AbCJA>E! >]! @<C=JAV<! CEF! E>E\@<C=JAV<! KDM]D@! AE! W<J@>M<DB! CEF! AJK! ]@C=JA>EK+!?+/):2" \"

@4/0&g!]de,;fg!L,NN\L,QL+!:;,Z+!
	
  



	
   	
   56	
  

)>E!<M!]AE!F<!<KJC?M<=<@! MC!FAKJ@A?D=AYE!F<!<KJCK!F>K!=MCK<K!F<!]CBAMACK!CbD]@CFCK!

W@<K<EJ<K!<E!<M![AF@>=C@?D@>g!K<!W@>=<F<!<hW<@AB<EJCMB<EJ<!C!@<CMAbC@!<M!W@>=<K>!

F<!<KW<=AC=AYE!F<!CbD]@CF>K!CM!=@DF>!F<!AEJ<@IK+!!

!

1.   Prelavado:!/M!W@>J>=>M>!<hW<@AB<EJCM!AEA=AC!W@<!MCVCEF>!=>E!1=<J>EAJ@AM>!DE!

K>W>@J<!cDPBA=>!F<!J@AYhAF>!F<!CbD]@<!X!K>FA>g!=>E!<M!]AE!F<![DB<=JC@M>!X!]C=AMAJC@!MC!

FA]DKAYE!F<M!=@DF>!cD<!K<!AE=>@W>@C@i!W>KJ<@A>@B<EJ<+!

  
Figura   23.! 3@>=<FABA<EJ>! <hW<@AB<EJCM! WC@C! MM<VC@! C! =C?>! MC! <KW<=AC=AYE! F<!

CbD]@CF>K+!
!

!

!

!

!

!

!

!

!

!

!

!

!

!
  

2.   Lavado  con  Nitrito  de  Plata  (AgNO3):!/E!<KJC!<JCWC!K<!CkCF<!CM!K>W>@J<!

DEC! K>MD=AYE! F<! C=<J>EAJ@AM>! X! EAJ@CJ>! F<! WMCJC! =>E! <M! ]AE! F<! KDKJAJDA@! <M! A>E! K>FA>!

W@<K<EJ<! <E! <M! K>W>@J<! cDPBA=>! W>@! MC! WMCJC! F<! MC! K>MD=AYE! F<! 1U#&G+! 0C! WMCJC!

@<J<EF@i! F<M! [AF@>=C@?D@>! <M! CbD]@<! @<C=JAV>! =>@@<KW>EFA<EJ<! C! M>K! KDM]D@>K! X!

W<@BAJA@i!<M!WCK>!F<M!CbD]@<!E>!@<C=JAV>!=>@@<KW>EFA<EJ<!C!M>K!JA>]<E>K+  
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Figura   24.! .>MD=AYE! F<! C=<J>EAJ@AM>! X! EAJ@CJ>! F<! WMCJC! e1U#&Gf! <BWM<CF>! <E! <M!

C=>EFA=A>ECBA<EJ>!F<!K>W>@J<!WC@C!MC!<KW<=AC=AYE!F<!CbD]@CF>K+!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

3.   Lavado  con  Acetonitrilo   (ACN):! 3>KJ<@A>@! C! MC! CFA=AYE! F<! MC! K>MD=AYE! F<!

#AJ@CJ>!F<!3MCJC!CM!]AMJ@>!F<!K>W>@J<g!K<!@<CMAbC!ED<VCB<EJ<!DE!MCVCF>!F<M!=C@JD=[>!

=>E!1=<J>EAJ@AM>!e1)#fg!WC@C!@<B>V<@!<M!<h=<K>!F<!WMCJC!cD<!WDFA<K<!AE=>@W>@C@!C!

MC! BD<KJ@C! X! =>EJCBAEC@MC! WC@C! CEiMAKAK! W>KJ<@A>@<K! B<FACEJ<! <M! <cDAW>! F<!

<KW<=J@>B<J@PC!F<!BCKCK!W@<K<EJ<!<E!<M!MC?>@CJ>@A>+!!
!

/M!MCVCF>!=>E!MC!K>MD=AYE!F<!1)#!K<!@<CMAbC@i![CKJC!JCEJ>!E>!K<![CXC!@<B>VAF>!W>@!

=>BWM<J>!<M!<h=<K>!F<!WMCJCg!X!<KJ>!W>F@i!F<J<@BAEC@K<!VAKDCMB<EJ<!B<FACEJ<! MC!

AE=>@W>@C=AYE!F<!DEC!K>MD=AYE!F<!=M>@D@>!F<!K>FA>!CM!]MDAF>!F<!MCVCF>!X!E>!K<!F<?<!

W@<K<EJC@! W@<=AWAJC=AYE! <E! MC! BD<KJ@C+! 0C! JD@?AF<b! <E! <M! ]MDAF>! >?<F<=<! C! MC!

W@<=AWAJC=AYE!F<!MC!KCM!W>@!MC!W@<K<E=AC!F<!WMCJC!<E!MC!K>MD=AYE+!
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Figura  25.  1EiMAKAK!VAKDCM!WC@C!<KJC?M<=<@! MC! @<B>=AYE!F<M!<h=<K>!F<!WMCJC!<E!<M!

BCJ<@ACM!F<!K>W>@J<+!
!

!

!

!
!

!

!

!

!

!

!
!
!

4.   Acondicionamiento:! /M! C=>EFA=A>ECBA<EJ>! ]AECM! F<M! K>W>@J<! cD<! K<!

<BWM<C@i!<E!<M!F<KC@@>MM>!F<! MCK!W@D<?CK!F<!<KW<=AC=AYE!F<!CbD]@CF>Kg!=>E=MDX<!

=>E! DE! MCVCF>! ]AECM! <BWM<CEF>! DEC! K>MD=AYE! 8;j,;! F<! 'A=M>@>B<JCE>! e')2f! s!

1=<J>EC! e1)/f+!/E!<KJ<!B>B<EJ>! ]AECMAbC!<M!W@>=<K>!F<!CF<=DC=AYE!F<M!KDKJ@CJ>!

cD<! W<@BAJA@i! MM<VC@! C! =C?>! MC! ]AMJ@C=AYE! cDPBA=C! F<! M>K! =>BWD<KJ>K!
>@UCE>KDM]D@>K>K!W@<K<EJ<K!<E!<M![AF@>=C@?D@>+!

Figura  26.  .>MD=AYE!8;j,;!F<!')#!X!1)/!WC@C!<M! MCVCF>!F<M!K>W>@J<!<E!MC!<JCWC!

F<!C=>EFA=A>ECBA<EJ>+!
!

!

!

!

!

!

!

!
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/E! MC! ]AUD@C! :Ng! K<! W@<K<EJCE! MCK! -! <JCWCK! MM<VCFCK! C! =C?>! <E! <M! W@>=<K>! F<!

CF<=DC=AYE! F<M! K>W>@J<! cDPBA=>! WC@C! <BWM<C@! =>B>! CU<EJ<! ]AMJ@CEJ<! <E! MC!

K<WC@C=AYE!F<M!CbD]@<!@<]@C=JC@A>!X!<M!CbD]@<!@<C=JAV>+!!
!

Figura   27.   /JCWCK! F<! CF<=DC=AYE! F<M! K>W>@J<! cDPBA=>! WC@C! <BWM<C@M>! <E! MC!

K<WC@C=AYE!F<!M>K!=>BWD<KJ>K!CbD]@CF>K!W@<K<EJ<K!<E!<M!=@DF>+!
!

!

!

!

  
  
  
  
  
  
  
  
  
  
  
  
  

  
  

Fuente:! 0&7&'"#g! 5+g! <J! CM+! .<WC@CJA>E! CEF! =[C@C=J<@AbCJA>E! >]! @<C=JAV<! CEF! E>E\@<C=JAV<!

KDM]D@!AE!W<J@>M<DB!CEF!AJK!]@C=JA>EK+!/E<@UX!{!_D<MKg!:8e,;fg!L,NN\L,QL+!:;,Z+!

!

3>KJ<@A>@! CM! C=>EFA=A>ECBA<EJ>! F<M! K>W>@J<g! C! =>EJAEDC=AYEg! K<! W@>=<F<! =>E! MCK!

<JCWCK!F<!K<WC@C=AYE+!

!

5.   Carga   de   la   muestra:! /E! <KJC! <JCWC! K<! J>BC! MC! BD<KJ@C! F<! =@DF>! C!

CECMAbC@g!K<!CFA=A>EC!'A=M>@>B<JCE>!WC@C!FAK>MV<@M>!X!W>KJ<@A>@B<EJ<!K<!AE=>@W>@C!

CM! =C@JD=[>! cD<! =>EJA<E<! <M! BCJ<@ACM! F<! K>W>@J<! cD<! ]AMJ@C@i! @<J<EF@i! M>K!
=>BWD<KJ>K!CbD]@CF>K!@<C=JAV>K!F<M![AF@>=C@?D@>+!

!
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Figura  28.  2D<KJ@C!F<!=@DF>!FAMDAFC!=>E!')#!WC@C!KD!W>KJ<@A>@! AE=>@W>@C=AYE!CM!

K>W>@J<!F<!K<WC@C=AYE!F<!=>BW>E<EJ<K!CbD]@CF>K+!

!

!

!

!

!

!

!

!

!

!

6.   Lavado   Diclorometano   -­   Acetonitrilo   (DCM   -­   ACE):! 3>KJ<@A>@! C! MC!

AE=>@W>@C=AYE! F<! MC! BD<KJ@C! F<! =@DF>! CM! K>W>@J<! F<! ]AMJ@C=AYEg! K<! CkCF<! =>B>!

K>MD=AYE!F<! MCVCF>!WC@C! MC!<hJ@C==AYE!F<! MC! ]@C==AYE!F<!=>BWD<KJ>K!E>! @<C=JAV>K!

=>@@<KW>EFA<EJ<!C!M>K!JA>]<E>Kg!:;!BM!F<!K>MD=AYE!8;j,;!'A=M>@>B<JCE>!s!1=<J>EC+!

0C!<hJ@C==AYE!F<!MC!]@C==AYE!,!@A=C!<E!JA>]<E>K!>?J<EAFC!<E!<KJC!<JCWCg!K<!@<=>M<=JC!

<E!VACM<K!W@<VACB<EJ<!W<KCF>K+!
!

Figura  29.  %<=>M<==AYE!F<!MC!]@C==AYE!,!=>@@<KW>EFA<EJ<!C!=>BWD<KJ>K!CbD]@CF>K!

@<C=JAV>K+!

!

!

!

!

!

!

!

!
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_AECMB<EJ<g! MCK! BD<KJ@CK! @<=>M<=JCFCK! =>@@<KW>EFA<EJ<K! C! MC! ]@C==AYE! ,g! K<!

W@<K<EJCE!C!=>EJAEDC=AYE!<E!MC!]AUD@C!G;+!!
!

Figura   30.! 2D<KJ@CK! F<! MC! ]@C==AYE! ,! =>@@<KW>EFA<EJ<! C! =>BWD<KJ>K! CbD]@CF>K!

@<C=JAV>K+!

!

!

!

!

!

!

!
!

!

7.   Lavado  DCM  -­  ACN:!/E!<KJC!<JCWC!K<!CkCF<!=>B>!K>MD=AYE!F<!MCVCF>!WC@C!

MC! <hJ@C==AYE! F<! MC! ]@C==AYE! F<! =>BWD<KJ>K! @<C=JAV>K! =>@@<KW>EFA<EJ<! C! M>K!

KDM]D@>Kg!:;!BM!F<!K>MD=AYE!Z;jZ;!'A=M>@>B<JCE>!s!1=<J>EAJ@AM>+!0C!<hJ@C==AYE!F<!MC!

]@C==AYE! :! @A=C! <E! KDM]D@>K! >?J<EAFC! <E! <KJC! <JCWCg! K<! @<=>M<=JC! <E! VACM<K!

W@<VACB<EJ<!W<KCF>K+!

!

Figura  31.  %<=>M<==AYE!F<!MC!]@C==AYE!:!=>@@<KW>EFA<EJ<!C!=>BWD<KJ>K!CbD]@CF>K!

@<]@C=JC@A>K+!

!

!

!

!

!

!

!
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_AECMB<EJ<g! MCK! BD<KJ@CK! @<=>M<=JCFCK! =>@@<KW>EFA<EJ<K! C! MC! ]@C==AYE! :g! K<!

W@<K<EJCE!C!=>EJAEDC=AYE!<E!MC!]AUD@C!G:+!!
!

Figura   32.! 2D<KJ@CK! F<! MC! ]@C==AYE! :! =>@@<KW>EFA<EJ<! C! =>BWD<KJ>K! CbD]@CF>K!

@<C=JAV>K+!

!

!

!

!

!

!

!

!
!

!

/E! MC! ]AUD@C! GGg! K<! W@<K<EJCE! MCK! G! <JCWCK! MM<VCFCK! C! =C?>! <E! <M! W@>=<K>! F<!

K<WC@C=AYE!F<M!CbD]@<!@<]@C=JC@A>!X!<M!CbD]@<!@<C=JAV>!W@<K<EJ<K!<E!<M![AF@>=C@?D@>+!!
!

Figura   33.  /JCWCK! F<! K<WC@C=AYE! F<! M>K! =>BWD<KJ>K! CbD]@CF>K! W@<K<EJ<K! <E! <M!

=@DF>+!
!

  
  

Fuente:! 0&7&'"#g! 5+g! <J! CM+! .<WC@CJA>E! CEF! =[C@C=J<@AbCJA>E! >]! @<C=JAV<! CEF! E>E\@<C=JAV<!

KDM]D@!AE!W<J@>M<DB!CEF!AJK!]@C=JA>EK+!/E<@UX!{!_D<MKg!:8e,;fg!L,NN\L,QL+!:;,Z+!
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/E! MC! ABCU<E! W@<K<EJCFC! C! =>EJAEDC=AYEg! ]AUD@C! G-g! K<! >?K<@VC! <M! <KJCF>! F<M!

K>W>@J<! <BWM<CF>! W@<VA>! X! W>KJ<@A>@! C! MC! W@D<?C! F<! <hJ@C==AYE! F<! =>BWD<KJ>K!

CbD]@CF>K+!
!

Figura   34.  /JCWCK! F<! K<WC@C=AYE! F<! M>K! =>BWD<KJ>K! CbD]@CF>K! W@<K<EJ<K! <E! <M!

=@DF>+!

!

!
!

!
!
!

!

!

!

(EC! V<b! @<=>M<=JCFCK! MCK! BD<KJ@CKg! <KJCK! K>E! J@CKMCFCFCK! C! DEC! =C?AEC! F<!

<hJ@C==AYE!F<!UCK<K!=>B>!K<!>?K<@VC!<E!MC!]AUD@C!GZg!=>E!<M!]AE!F<!K<@!K>B<JAFCK!C!

DE! W@>=<K>! F<! K<=CF>! =>E! EAJ@YU<E>! W>@! DE! W<@A>F>! CW@>hABCF>! F<! :-! [>@CKg!

]AUD@C!GL+!/KJ>g!=>E!<M!]AE!F<!@<B>V<@!<E!KD!J>JCMAFCF!M>K!K>MV<EJ<K!<BWM<CF>K!<E!MC!

<hJ@C==AYE!X!K>M>!=>EJ<E<@!<E!M>K!VACM<Kg!MC!BD<KJ@C!<]<=JAVC!=>@@<KW>EFA<EJ<!C!M>K!

=>BWD<KJ>K!CbD]@CF>K!W@<K<EJ<K!<E!<M![AF@>=C@?D@>g!]AUD@C!GN+!
!!

Figura  35.  )C?AEC!F<!<hJ@C==AYE!<BWM<CFC!<E!W@>=<K>!F<!K<=CF>+!

!
!
!

!
!

!

!
!
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Figura  36.  3@>=<K>!F<!K<=CF>!F<!MCK!]@C==A>E<K!,!X!:!F<!=>BWD<KJ>K!CbD]@CF>Kg!

<BWM<CEF>!EAJ@YU<E>+!

!

!

!

!

!

!

!

!

!

!
!

Figura  37.  5ACM<K!=>E!MCK!BD<KJ@CK!F<!MCK!]@C==A>E<K!,!X!:!W>KJ<@A>@!CM!W@>=<K>!F<!

KC=CF>!=>E!EAJ@YU<E>+!

!

!

!

!

!

!

!

!
!

!

3>@!aMJAB>g! M>K!VACM<K!<@CE! MM<VCF>K!C!DEC!?CMCEbC!X!KDK!W<K>K!<@CE!=>BWC@CF>K!

=>E! M>K! @<UAKJ@CF>K! AEA=ACMB<EJ<g! WC@C! <KJABC@! <M! W>@=<EJCT<! <E! W<K>! F<! =CFC!

]@C==AYE! =>E! @<MC=AYE! CM! F<! MC! BD<KJ@C! F<! =@DF>! F<! AEJ<@IK+! _AECMB<EJ<g! K<!

=>EKJ@DA@i!DEC!JC?MC!=>E!AE]>@BC=AYE!F<JCMMCFC!F<!MC!W@D<?Cg!cD<!W<@BAJ<!@<KCMJC@!<M!

=>EJ<EAF>!F<!CbD]@<!@<]@C=JC@A>!X!CbD]@<!@<C=JAV>!W@<K<EJ<!<E!<M![AF@>=C@?D@>+!
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Tabla  9.!5ACM<K!=>E! MCK!BD<KJ@CK!F<! MCK! ]@C==A>E<K!,!X!:!W>KJ<@A>@!CM!W@>=<K>!F<!

KC=CF>!=>E!EAJ@YU<E>+!
!

!

!

!

!

!

!

!
!

1! =>EJAEDC=AYEg! C! WC@JA@! F<M! =>EJ<EAF>! F<! CbD]@<! @<C=JAV>g! F<J<@BAECF>!

<hW<@AB<EJCMB<EJ<! C! J@CVIK! F<! MC! W@D<?C! F<! <KW<=AC=AYE! F<! CbD]@CF>Kg! K<!

W@>=<F<@i! C! <KJABC@! WC@C! DECK! =>EFA=A>E<K! F<]AEAFCKg! =>@@<KW>EFA<EJ<K! C!

=C@C=J<@PKJA=CK! W@>WACK! F<! DE! WAM>J>! F<! CWMA=C=AYE! F<! AEX<==AYE! F<! VCW>@! C! DE!

XC=ABA<EJ>!F<!=@DF>!W<KCF>g!=DCEJ>!K<@PC! MC!W@>FD==AYE!F<!i=AF>!KDM][PF@A=>g!F<M!

=DCM! <M! W@<=D@K>@! K<@PCE! M>K! KDM]D@>K! X! FAKDM]D@>K! W@<K<EJ<K! <E! <M! [AF@>=C@?D@>+!

)>E]>@B<! M>K! @<KDMJCF>K! W@<K<EJCF>K! <E! MC! JC?MC! 8g! <M! W>@=<EJCT<! <E! W<K>! F<!

KDM]D@>K!>?J<EAF>!WC@C!<M!=@DF>!F<! AEJ<@IK!<K!F<!ZgQp+!1!WC@JA@!F<!<KJ<!VCM>@g!K<!

<KJABC@i!=DCEJ>!W>F@PC!K<@!MC!@<MC=AYE!V>MDBIJ@A=C!F<!KDM]D@>!F<![AF@YU<E>!cD<!K<!

W@<K<EJC@PC!<E!MC!=>@@A<EJ<!F<!UCK!W>@!=CFC!?C@@AM!F<!C=<AJ<!W@>FD=AF>+!/BWM<CEF>!

DE!W<J@YM<>!CU@A>g!CcD<M!=DXC!=>BW>KA=AYE!F<!CbD]@<!K<C!KDW<@A>@!C!,;+;;;!WWBg!

=>E! DE! =>EJ<EAF>! F<! CbD]@<! F<M! ,+Zpz! <M! W>@=<EJCT<! F<! CbD]@<! @<C=JAV>!

=>@@<KW>EFA<EJ<K!C!=>BWD<KJ>K!KDM]D@>K>K!<E!<M!=@DF>!<K!F<!;+;QNpWtW+!!

"#$%&'(!
"(%(!

)*+,!
-.! -/! -0.! -0/! 1.! 1/!

2$3!"(%(!

)*+,!
4!2$3!

5'#67!89:7&7! 102,1	
   16175,6	
   16210,9	
   16268,9	
   16216,7	
   93,3	
   5,8	
   99,1	
   97,06	
  

5'#67!89:7&7! 100,5	
   16221,5	
   16213,7	
   16314,7	
   16219,6	
   93,2	
   5,9	
   99,1	
   98,61	
  

5'#67!89:7&7! 101,1	
   16199,1	
   16212,4	
   16291,1	
   16218,1	
   92	
   5,7	
   97,7	
   96,64	
  

5'#67!89:7&7! 101,4	
   16193,6	
   16211,6	
   16285	
   16217,6	
   91,4	
   6	
   97,4	
   96,06	
  

1$3;(! "#$%&'(! 4!<970$=7%! 4!>#:0#'7%!

/?@AB@.C!

Crudo	
  Piloto	
   91,4	
   5,7	
  

Crudo	
  Piloto	
   92,7	
   5,9	
  

Crudo	
  Piloto	
   91,0	
   5,6	
  

Crudo	
  Piloto	
   90,1	
   5,9	
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)>EKAF<@CEF>! DE! W@>X<=J>! CWMA=CF>! C! DE! =CBW>! =>E! @<K<@VCK! F<M! >@F<E! F<! ,;;!

BAMM>E<K!F<!?C@@AM<Kg! cD<! =>EJ<BWMC!C! J@CVIK!F<! MC! CWMA=C=AYE!F<! MC! AEX<==AYE!F<!

VCW>@g! AE=@<B<EJC@! <E! DE! :;p! <M! ]C=J>@! F<! @<=>?@>! e_%fz! <M! =>EJ<EAF>! F<! CbD]@<!

cD<!W>J<E=ACMB<EJ<!K<!J@CEK]>@BC@PC!<E!9:.!K<@PCj!
!

?EFG4 !!H93 I -J4 % ?/K0L9/740/,.8/02M74/N4O6997N/34M/4P20069/34Q!!H93R!
!
!

STT4 !!H93 I UT4 V % UT4Q!!H93R!
!

1!WC@JA@!F<!DE!W<J@YM<>!F<!F<EKAFCF!L,! M?t]JGg!=>@@<KW>EFA<EJ<!C!DE!=@DF>!W<KCF>!

F<! ,G+:q13"g! K<! W@>=<F<! C! @<CMAbC@! MC! =>EV<@KAYE! F<! V>MDB<E! C! BCKC! F<M!

[AF@>=C@?D@>!@<=DW<@C?M<g!=>E!<M!]AE!F<!<KJABC@!<M!W<K>!F<M!CbD]@<!@<C=JAV>!W@<K<EJ<!

<E!<M![AF@>=C@?D@>+!
!

UT4 !!H93 I TWTXYV I ZS
9P

[K\ I
S4[K\

]WZS]4H93 % TWSX^4 !!9P3 !

!

1M!<KJABC@! MC!BCKC!F<!KDM]D@>K!=>EJ<EAF>!<E!<M![AF@>=C@?D@>!<E!,Q8+;;;! xM?Kyg!K<!

W@>=<F<! C! =CM=DMC@! <M! V>MDB<E! F<! i=AF>! KDM][PF@A=>! cD<! <KJ<! @<W@<K<EJC@PC! <E! MC!

=>@@A<EJ<!UCK<>KCg!<BWM<CEF>!MC!<=DC=AYE!,!F<!M>K!UCK<K!@<CM<K+!
!

? I _ % 1 I N I J I `4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444aSb!

!

?c ?0/36LN4 836 !

`c `/O8/02K.024 J !

_c _79.O/N4 [Kd !

1c -2,K704M/4,7O80/36P696M2M4!

Nc O79/34 9PO79 !

Jc e7N3K2NK/4M/49734f23/34STWYd4
836 I [K\

9PO79 I J !
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"EA=ACMB<EJ<!K<!=CM=DMCE!MCK!B>M<K!cD<!@<W@<K<EJC@PCE!MCK!,Q8+;;;!xM?Ky!F<!9:.+!

!

N %
O232

?W !79/,.920 %
SX^TTT4Q9P3R

dgWTX Q9P3R
Q9PO79R

% ]]g]4 9PO7 % TWTT]]4 !!9PO7 !

!

"UDCMB<EJ<g!<K!E<=<KC@A>!F<J<@BAEC@!WC@C!MCK!=>EFA=A>E<K!WC@JA=DMC@<K!F<!W@<KAYE!X!

J<BW<@CJD@Cg!F<!DE!=CBW>!KAJDCF>!<E! MC!=D<E=C!F<M!5CMM<!2<FA>!F<M!2CUFCM<ECg!

,-+N!WKA!X!8Zq_g!<M!]C=J>@!F<!=>BW@<KA?AMAFCF!F<M!9:.!WC@C!<KJC?M<=<@!KD!V>MDB<E!C!

<KCK! =>EFA=A>E<K+! 3C@C! <MM>! K<! [C=<! E<=<KC@A>! F<J<@BAEC@! MCK! =>EFA=A>E<K!

@<FD=AFCKg!C!WC@JA@!F<!MCK!<=DC=A>E<K!:!X!G+!

!

?0 %
?
?, %

SgWY4 836
SU^Z4 836 % TWTS444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444aUb!

!

`0 %
`
`, %

^] h gZT4QJR
USU h gZT4QJR % TWXd44444444444444444444444444444444444444444444444444444444444444444444444444444444444444444adb!

!

1!WC@JA@!F<!MCK!=>EFA=A>E<K!@<FD=AFCKg!<K!W>KA?M<!F<J<@BAEC@!C!WC@JA@!F<!MCK!U@i]A=CK!

W@>VAKJCK! W>@! MC! R3.1g! <M! ]C=J>@! F<! =>BW@<KA?AMAFCF! e^f! F<! DE! UCK! C! DECK!

=>EFA=A>E<K! J<@B>FAEiBA=CK! FCFCKg! cD<! WC@C! <KJ<! =CK>! <E! WC@JA=DMC@! <K! F<!

CW@>hABCFCB<EJ<!,+!

!

)>E>=A<EF>!<M!]C=J>@!F<!=>BW@<KA?AMAFCFg!<K!W>KA?M<!=CM=DMC@!<M!V>MDB<E!F<M!UCK!C!

WC@JA@!F<!MC!<=DC=AYE!,!F<!M>K!UCK<K!@<CM<K+!
!

_ % 44
TWTT]]4 !!9PO79 I STWYd 8362 I [K\

9PO79 I J I ]]]4 J
SgWY48362 % UWUU4 !![K\ 4444444444444444agb!

!
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1[>@C! K<!W@>=<F<!C!<KJC?M<=<@!DEC! @<MC=AYE! V>MDBIJ@A=C!<EJ@<!<M!9:.!W@>FD=AF>g!

W>@!=CFC!?C@@AM!F<!W<J@YM<>!<hJ@CPF>+!
!

UWUU4 !![K\ 4
UT4 !!H93 % TWSSS4

[K\4ijG 4
H94k,/6K/ 44444444444444444444444444444444444444444444444444444444444444444444444444444444444a]b!

!

)>EKAF<@CEF>! DEC! @<MC=AYE! UCK! s! C=<AJ<! F<! ,;;! ]JGt7M! C! =>EFA=A>E<K! <KJiEFC@g!

=C@C=J<@PKJA=C! F<! DE! XC=ABA<EJ>! F<! =@DF>! W<KCF>g! MC! =>E=<EJ@C=AYE! F<! i=AF>!

KDM][PF@A=>!<E!MC!=>@@A<EJ<!F<!UCK!K<@PCj!
!

TWSSS4 [K\ 4
H9

STT [K\ 4
H9

I STTV % TWSSSV % SSST4 88O4ijG 444444444444444444444444444444444444444444444444444444aZb!

!

0C!=>E=<EJ@C=AYE!<KJABCFC!F<!,,,;! xWWBy!F<!i=AF>!KDM][PF@A=>!<E! MC!=>@@A<EJ<!F<!

UCKg! K<@i! DEC! @<]<@<E=AC! WC@C! MCK! <KJABC=A>E<K! <E! MC! KABDMC=AYE! EDBI@A=C! F<!

XC=ABA<EJ>K! cD<! K<! MM<VC@i! C! =C?>! <E! MC! [<@@CBA<EJC! .$1%.! F<! MC! =>BWCkPC!

)>BWDJ<@! 2>F<MMAEU! R@>DWg! <VCMDCEF>! MC! K<EKA?AMAFCF! F<! MCK! VC@AC=A>E<K! <E! MCK!
=>EFA=A>E<K!J<@B>FAEiBA=CK!M>U@CFCK!<E!DE!W@>=<K>!F<!AEX<==AYE!F<!VCW>@+	
  

  

3.   ANÁLISIS  TERMODINÁMICO  PARA  LA  EVALUACIÓN  DE  LA  
GENERACIÓN  DE  ÁCIDO  SULFHÍDRICO.  

!

'<! C=D<@F>! CM! CEiMAKAK! F<! FAKJ@A?D=AYE! F<! CbD]@CF>Kg! <M! =@DF>! F<! <KJDFA>! <K!

W@>W<EK>!C!W@>FD=A@!9:.!F<?AF>!C! MC!W@<K<E=AC!F<!CbD]@<!@<C=JAV>g!cD<!WC@C!<KJ<!

=CK>!<E!WC@JA=DMC@!<K!F<!CW@>hABCFCB<EJ<!<M!Lp+!/K!W>@!<MM>!cD<!K<!W@>=<F<@i!C!

<VCMDC@!?CT>!MCK!=>EFA=A>E<K!F<!>W<@C=AYE!F<!DE!W@>X<=J>!F<!AEX<==AYE!F<!VCW>@g!

<M! =>BW>@JCBA<EJ>! cD<! K>?@<! MC! W@>FD==AYE! F<! i=AF>! KDM][PF@A=>! <T<@=<E!

VC@AC=A>E<K!<E!MCK!=>EFA=A>E<K!J<@B>FAEiBA=CK!<E!<M!XC=ABA<EJ>+!
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/M! W@>=<K>! F<! <VCMDC=AYE! F<! MCK! =>EFA=A>E<K! J<@B>FAEiBA=CK! cD<! AE=AF<E! <E! MC!

W@>FD==AYE! F<! 9:.g! K<! <]<=JDC@i! <BWM<CEF>! DE! B>F<M>! =AEIJA=>! >?J<EAF>!

<hW<@AB<EJCMB<EJ<!WC@C!DE!=@DF>!W<KCF>!=>M>B?ACE>g!W<@J<E<=A<EJ<!C!DE!=CBW>!

KAJDCF>!<E! MC! =D<E=C!F<M! VCMM<!B<FA>!F<M!BCUFCM<EC! X! =CEFAFCJ>!C! AEX<==AYE!F<!

VCW>@!=>B>!BIJ>F>!JI@BA=>!F<!@<=>?@>!B<T>@CF>+!

!

0CK!VC@AC?M<K! J<@B>FAEiBA=CK!C!<KJDFAC@!K<@iE! MC!W@<KAYE!X! MC! J<BW<@CJD@C+!/E! MC!

JC?MC!,;!K<!@<MC=A>EC@iE!M>K!<K=<EC@A>K!F<!<VCMDC=AYE+!!

!

Tabla  10.!/K=<EC@A>K!F<!<VCMDC=AYE!<E!MC!W@>FD==AYE!F<!9:.+  
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

/K! ABW>@JCEJ<! B<E=A>EC@! cD<! MC! B>FA]A=C=AYE! <E! MC! J<BW<@CJD@C! F<M! i@<C! F<!

AE]MD<E=AC! F<M! WCJ@YE! F<! AEX<==AYE! F<! VCW>@g! K<! @<CMAbC@i! BCEAWDMCEF>! =>B>!

VC@AC?M<!F<!=>EJ@>Mg!JCKC!F<!AEX<==AYE+!)>E]>@B<!BCX>@!K<C!<M!V>MDB<E!W>@!DEAFCF!

F<!JA<BW>!F<!VCW>@!cD<!K<!KDBAEAKJ@<!C! MC! ]>@BC=AYEg!BCX>@!K<@i! MC! J<BW<@CJD@C!

M>U@CFC!<E!<M!XC=ABA<EJ>g!F<?AF>!C!cD<!<M!=CM>@!KDBAEAKJ@CF>!KDW<@C@i!MCK!WI@FAFCK!

cD<! K<! W@<K<EJCE! [C=AC! ]>@BC=A>E<K! KDW@CXC=<EJ<K! X! KD?XC=<EJ<Kg! CKP! =>B>!

[C=AC!b>ECK!BiK!]@PCK!<E!<M!KD?KD<M>+!

Parámetro   Escenarios  de  evaluación  

)>E]AUD@C=AYE!U<>BIJ@A=C!WCJ@YE!AEX<==AYE! Z!WDEJ>K!AEV<@JAF>K!

)CMAFCF!F<M!VCW>@!!
!

N;!xpy!!
!

$CKC!F<!AEX<==AYE!<E!?C@@AM<K!F<!CUDC!W>@!FPC!
x7m3'y!

!
!
!

:Z;!
Z;;!!

,;;;!!
!

3@<KAYE!xWKAy!

!

Z;;!
,;;;!
,Z;;!

!
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3.1.   SIMULACIÓN  NUMÉRICA  DE  YACIMIENTOS.  

0C! [<@@CBA<EJC! =>BWDJC=A>ECM! cD<! K<! <BWM<C@i! WC@C! @<CMAbC@! MC! =>EKJ@D==AYE! X!

<VCMDC=AYE! F<! M>K! <K=<EC@A>K! W@>WD<KJ>K! <E! MC! JC?MC! ,;g! K<@i! <M! K>]JlC@<! F<!

XC=ABA<EJ>!.$1%.g!F<KC@@>MMCF>!W>@!MC!=>BWCkPC!)2Rg!FAK<kCF>!WC@JA=DMC@B<EJ<!

WC@C!KABDMC@!W@>=<K>K! JI@BA=>K!<BWM<CF>K!<E!/&%+!1!=>EJAEDC=AYEg!K<!W@<K<EJC!

MC!AE]>@BC=AYE!F<M!B>F<M>!<KJiJA=>!<BWM<CF>!<E!<M!B>F<M>!F<!KABDMC=AYE+!
!

Figura  38.  2>F<M>!<KJiJA=>!WC@C!<M!CEiMAKAK!=>E=<WJDCM!F<M!<]<=J>!F<!MCK!VC@AC?M<K!

>W<@C=A>ECM<K!X!F<!FAK<k>!<E!MC!U<E<@C=AYE!F<!9:.+  
!

  

  
!

!

!
!

!

!
!

!
!

!

Fuente:!)>BWDJ<@!2>F<MMAEU!R@>DW+!!
!
!

/E!MC!JC?MC!,,!K<!W@<K<EJCE!=C@C=J<@PKJA=CK!W<J@>]PKA=CKg!=>EFA=A>E<K!U<E<@CM<K!F<M!

XC=ABA<EJ>!X!W@>WA<FCF<K!F<M![AF@>=C@?D@>!F<M!B>F<M>!F<!KABDMC=AYE!<BWM<CF>+!
!

!

Tabla  11.!3@>WA<FCF<K!W<J@>]PKA=CK!X!F<!M>K!]MDAF>K+  
!

Propiedad   Magnitud   Unidad  

3>@>KAFCF! :Z! p!
3<@B<C?AMAFCF!AgT! Z;;!\!-;;;! B'!
wVtw[! ;+:Z! \!
.CJD@C=AYE!F<!C=<AJ<! N;! p!
3@<KAYE!F<!?D@?DTC! ,:;;! 3KA!
3@>]DEFAFCF! ,Q;;\:,;;! _J!
3@<KAYE!AEA=ACM! Q-;! 3KA!
$<BW<@CJD@C!AEA=ACM! ,;Q! q_!
7>! ,+;Z! %7t.$7!
R@CV<FCF!13"! ,G! q13"!
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0CK! =D@VCK! F<! W<@B<C?AMAFCF! @<MCJAVC! cD<! <VAF<E=ACE! <M! =C@i=J<@! W@<]<@<E=ACM! F<!

B>TC?AMAFCF!W>@!WC@J<!F<!MC!@>=Cg!K<!W@<K<EJCE!<E!MC!]AUD@C!G8+!
!

Figura  39.  )D@VCK!F<!W<@B<C?AMAFCF!@<MCJAVC+!
!

!

1!=>EJAEDC=AYEg!<E!MC!]AUD@C!-;g!K<!W@<K<EJC!<M!i@<C!F>EF<!K<!<VCMDC@i!<M!K<=J>@!<E!

<M!cD<!K<! MM<VC@i!C!=C?>!<M!CEiMAKAK!F<M!<]<=J>!F<! MC! AEX<==AYE!=>EJAEDC!F<!VCW>@!

K>?@<!MC!]>@BC=AYE!F<!9:.+!!

  
Figura  40.  .<=J>@!F<M!XC=ABA<EJ>!WC@C!<VCMDC=AYE!F<!MC!AEX<==AYE!F<!VCW>@+!
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0C! <VCMDC=AYE! F<M! W@>X<=J>! K<! F<KC@@>MMC@i! F<KF<! <M! AEA=A>! F<! MC! W@>FD==AYE!

W@ABC@ACg![CKJC!Z!Ck>K!F<KWDIK!F<KF<! MC! ABWM<B<EJC=AYE!F<M!WAM>J>!F<! AEX<==AYE!

=>EJAEDCg!JA<BW>!<E!<M!cD<!K<!<VAF<E=AC!<M!F<=MAV<!<E!MC!W@>FD==AYE+!
!

"EA=ACMB<EJ<!<M!@<=>?@>!W@ABC@A>!K<!=>EJ<BWMY!W>@!DE!W<@A>F>!F<!Q!Ck>Kg!AEA=ACEF>!

<E!<M!:;;N!X!=>E=MDX<EF>![C=AC!]AECM<K!F<M!Ck>!:;,-+!1M!AEA=AC@!<M!Ck>!:;,Z!K<!FC!

AEA=A>!C!MC!<JCWC!F<!@<=>?@>!B<T>@CF>!B<FACEJ<!MC!ABWM<B<EJC=AYE!F<!MC!AEX<==AYE!

=P=MA=C!F<?AF>!CM!F<K=<EK>!V<@JAUAE>K>!<E!DE!8;!p!F<!MC!W@>FD==AYE!<E!MC!<JCWC!F<!

@<=DW<@C=AYE! W@ABC@ACz! CFA=A>ECMB<EJ<! MC! <KJABDMC=AYE! =P=MA=C! <K! @<cD<@AFC! =>B>!

DE!W@>=<K>!W@<VA>!C!MC!AEX<==AYE!=>EJAEDC!F<!VCW>@+!!
!

'<?AF>! C! MC! CMJC! VAK=>KAFCF! F<M! [AF@>=C@?D@>! X! MC! F<K]CV>@C?M<! @<MC=AYE! F<!

B>VAMAFCF!cD<!K<!M>U@C@PC!?CT>!MC!AEX<==AYE!F<!CUDCg!K<!C=DF<!AEB<FACJCB<EJ<!C!MC!

ABWM<B<EJC=AYE! F<! MC! AEX<==AYE! F<! VCW>@! =>B>! BIJ>F>! F<! @<=>?@>! WC@C! <KJ<!

XC=ABA<EJ>+!0C!JI=EA=C!AEA=AC!=>E!MC!<KJABDMC=AYE!F<!M>K!W>b>K!=>E!<M!]AE!F<!M>U@C@!

DE!=CM<EJCBA<EJ>!F<!MC!b>ECg!CKP!=>B>!DEC!@<FD==AYE!<E!MC!W@<KAYE!F<M!i@<C!WC@C!

U<E<@C@! =>EFA=A>E<K! F<! AEX<=JAVAFCF! WC@C! DEC! W>KJ<@A>@! AEX<==AYE! =>EJAEDC! F<!

VCW>@!?CT>!MC!=>E]AUD@C=AYE!F<!DE!WCJ@YE!U<>BIJ@A=>!F<!AEX<==AYE+!!
!

/E!<M!W@>=<K>!F<!AEX<==AYE!=P=MA=Cg!M>K!W>b>K!W@>FD=J>@<K!JCB?AIE!K>E!<BWM<CF>K!

=>B>! W>b>K! AEX<=J>@<K! FD@CEJ<! DE! =>@J>! W<@A>F>! F<! JA<BW>g! cD<! WC@C! <M! =CK>!

WC@JA=DMC@! ]D<@>E!F<!:;!FPCK!F<! AEX<==AYE!F<!Z;;!7m3'g!Z!FPCK!F<! @<B>T>g!WC@C!

cD<! K<! M>U@<! J@CEK]<@A@! <M! =CM>@! KDBAEAKJ@CF>! C! J@CVIK! F<! VCW>@! C! MC! ]>@BC=AYE! X!

M>U@C@!=CM<EJC@!<M![AF@>=C@?D@>!W@<K<EJ<!<E!MCK!W@>hABAFCF<K!F<M!W>b>!X!]AECMB<EJ<!

K<!F<]AE<!DE!W<@A>F>!F<!W@>FD==AYE!F<!G-;!FPCK+!_D<@>E!MM<VCF>K!C!=C?>!,;!=A=M>K!

F<!W@>FD==AYEg!M>K!=DCM<K!@<W@<K<EJCE!<E!W@>B<FA>!M>K!<BWM<CF>K!<E!MC!=D<E=C!F<!

<VCMDC=AYE+!/E!MC!]AUD@C!-,!K<!>?K<@VC!<M!=>BW>@JCBA<EJ>!F<!MC!W@>FD==AYE!M>U@CFC!

FD@CEJ<! MC!CWMA=C=AYE!F<! MC!<KJABDMC=AYE!=P=MA=C!X! MC! AEX<==AYE!=>EJAEDC!F<!VCW>@+!

/VAF<E=AiEF>K<!M>K!WA=>K!F<!BCX>@!W@>FD==AYE!<E!M>K!W@AB<@>K!FPCK!F<!MC!CW<@JD@C!

F<!M>K!W>b>K!C!W@>FD==AYE!DEC!V<b!]AECMAbCF>!<M!JA<BW>!F<!@<B>T>!X!K<!U<E<@C!DE!

F<=MAV<!<E!MC!W@>FD==AYE!F<!M>K!W>b>K![CKJC!MC!ABWM<B<EJC=AYE!F<M!KAUDA<EJ<!=A=M>+!!
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)>E=MDAF>K! M>K! ,;! =A=M>K! F<! <KJABDMC=AYEg! <E! <E<@>! F<! :;:Z! K<! FC! AEA=A>! C! MC!

CWMA=C=AYE! F<! MC! AEX<==AYE! =>EJAEDC! F<! VCW>@g! C! J@CVIK! F<! DE! WCJ@YE! F<! =AE=>!

WDEJ>K!AEV<@JAF>g!KAJDCF>!<E!DE!i@<C!F<!,;!C=@<K!<!AEX<=JCEF>!C!DEC!JCKC!F<!,;;;!

?C@@AM<K!<cDAVCM<EJ<K!F<!CUDC!W>@!FPC+!
!

Figura  41.    )>BW>@JCBA<EJ>!F<!MC!W@>FD==AYE!F<?AF>!C!MC!AEX<==AYE!F<!VCW>@+  
  

  
!

0CK!=>EV<E=A>E<K!KAJDCFCK!<E!MC!WC@J<!AE]<@A>@!F<!MC!]AUD@Cg!cD<!=>@@<KW>EF<E!C!MCK!

=D@VCK!W@<K<EJ<K!<E!<M!U@i]A=>g!@<W@<K<EJCE!MC!W@>FD==AYE!F<!C=<AJ<!WC@C!=CFC!DE>!

F<!M>K!-!W>b>K!W@>FD=J>@<K!F<M!WCJ@YEg!M>K!=DCM<K!K>E!W,\l:g!W,\lGg!W,\l-!X!W,\

lZ+!!1M!AEA=AC@!MC!AEX<==AYE!=>EJAEDC!K<!>?K<@VC!DEC!@<KWD<KJC!J<BW@CEC!<E!<M!W>b>!

W,\l-g!F<?AF>!C! MC!=>E<hAYE!U<>MYUA=Cg![AF@iDMA=C!X! JI@BA=C!=>E!<M!W>b>! AEX<=J>@!

W,\l,+! /KJC! =>E<=JAVAFCF! K<! WD<F<! =>@@>?>@C@! <E! MC! ]AUD@C! -:! C! J@CVIK! F<!

KABDMC=AYE! KJ@<CBMAE<g! cD<! W@>W>@=A>EC! @DJCK! F<! ]MDT>! F<! M>K! ]MDAF>K! <E! <M!

XC=ABA<EJ>g!CKP!=>B>!F<!=D@VCK!F<!EAV<Mg!]AUD@C!-Gg!cD<!@<MC=A>EC!MCK!b>ECK!<E!<M!

K<=J>@!F>EF<!K<!<KJi!U<E<@CEF>!<M!BCX>@!AE=@<B<EJ>!<E!MC!J<BW<@CJD@Cg!CK>=ACFC!

C!MCK!b>ECK!F<!MC!]>@BC=AYE!=>EJC=JCFCK!W>@!<M!VCW>@+!'<M!FACU@CBC!J<@EC@A>g!]AUD@C!
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-:g! K<! >?K<@VC! cD<! <E! MCK! W@>hABAFCF<K! F<M! W>b>! AEX<=J>@! <hAKJ<! DEC! BCX>@!

KCJD@C=AYE! F<! UCK! F<?AF>! C! MC! V>MCJAMAbC=AYE! F<! MCK! ]@C==A>E<K! BiK! MAVACECK! F<M!

[AF@>=C@?D@>g! CKP! =>B>! F<! M>K! =>BWD<KJ>K! UCK<>K>K! ]>@BCF>K! C! =CDKC! F<! MCK!

CMJCK!J<BW<@CJD@CK!M>U@CFCK!<E!<M!@CFA>!=CM<EJCF>!W>@!WC@J<!F<M!W>b>!W,\l,+!
!

Figura  42.  )>E<=JAVAFCF!<EJ@<!W>b>!AEX<=J>@!W,\l,!X!W@>FD=J>@!W,\l-g!>?K<@VCFC!

C!J@CVIK!F<!KABDMC=AYE!KJ@<CBMAE<+!

!

!
!

!

!

!

!

!

!

!
!
!

Figura  43.  )D@VCK!F<!EAV<M!WC@C!MC!J<BW<@CJD@C!M>U@CFC!<E!<M!K<=J>@!F<M!WAM>J>!F<!

AEX<==AYE!=>EJAEDC+!
!

  
!

!

!
!

!

!

!

!

!

!
!
!

0CK!@<C==A>E<K!F<!C=DCJ<@BYMAKAK!K>E!CcD<MMCK!cD<!K<!W@<K<EJCE!W>@!MC!AEJ<@C==AYE!

<EJ@<! <M! CUDC! X! <M! [AF@>=C@?D@>! C! =>EFA=A>E<K! F<! J<BW<@CJD@C! AE]<@A>@<K! C! M>K!

GZ;q)! >! LL;q_! e9XE<g! ,8QLf+! /E! ]DE=AYE! F<! MCK! =>EFA=A>E<K! F<! W@>]DEFAFCF!

CM=CEbCFCK! e,Q;;\:,;;! ]Jfg! MCK! J<BW<@CJD@CK! cD<! M>U@C! CM=CEbC@! <M! VCW>@! <E! <M!
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XC=ABA<EJ>! K<! KAJaCE! <EJ@<! Z:;! X! Z-;q_+! /EJ@<! M>K! =>BWD<KJ>K! AEF<K<CF>K! cD<!

WD<F<E!W@>FD=A@K<!W>@!<]<=J>!F<!<KJ<!]<EYB<E>!K<!<E=D<EJ@C!<M!i=AF>!KDM][PF@A=>+!

)>E!<M!]AE!F<!<KJC?M<=<@!<M!<]<=J>!F<!MCK!=>EFA=A>E<K!J<@B>FAEiBA=CK!M>U@CFCK!W>@!

ABWM<B<EJC=AYE!F<! MC! AEX<==AYE!F<!VCW>@!<E! MC!W@>FD==AYE!F<!<KJ<!UCKg! K<![C=<!

E<=<KC@A>! AE=>@W>@C@!CM!B>F<M>!F<!KABDMC=AYEg!<M!B>F<M>!=AEIJA=>+!2<FACEJ<!<KJC!

KAE<@UAC!F<M!B>F<M>!FAEiBA=>!X!=AEIJA=>g!K<!W@<K<EJC!C!=>EJAEDC=AYE!MC!W@>FD==AYE!

F<!i=AF>!KDM][PF@A=>!<E!=CFC!DE>!F<!M>K!W>b>K!W@>FD=J>@<K!CK>=ACF>K!CM!WCJ@YE!F<!

AEX<==AYE+! 'D@CEJ<! M>K! ,;! Ck>K! F<! CWMA=C=AYE! F<! MC! <KJABDMC=AYE! =>E! AEX<==AYE!

=P=MA=C!F<!VCW>@g!K<!>?K<@VY!DEC!W@>FD==AYE!CAKMCFC!F<!i=AF>!KDM][PF@A=>!<E!<M!W>b>!

W,\lG!X!W,\l:!<E!M>K!Ck>K!:;:;!X!:;:-!@<KW<=JAVCB<EJ<g!]AUD@C!--+!!
!

  Figura  44.  3@>FD==AYE!F<!9:.!<E!<M!W<@A>F>!=>BW@<EFAF>!<EJ@<! M>K!Ck>K!:;;N!X!

:;G;!
!

!

!

!

)>E! @<MC=AYE! CM! W>b>! W,\lGg! MC! =CDKC! >?<F<=<! C! MC! J<BW<@CJD@C! CM=CEbCFC! F<!

-:Gq_!FD@CEJ<!<M!W<@A>F>!F<!<KJABDMC=AYE!=P=MA=Cg!]AUD@C!-Z+!/E!M>!cD<!@<KW<=JC!CM!

WA=>!F<!W@>FD==AYE!F<M!W>b>!W,\l:g!<K!F<?AF>!C! M>K!=<@=C!F<!-;;q_! M>U@CF>K!<E!

MCK!W@>hABAFCF<K!F<M!l<MM?>@<g! ]AUD@C!-Lg!C!=CDKC!F<! MC!?CTC!W<@B<C?AMAFCF!F<! MC!

b>EC!=>B>!K<!>?K<@VC!<E!MC!]AUD@C!-Ng!M>!cD<!K<!J@CFD=<!<E!BCX>@<K!W@<KA>E<K!F<!

AEX<==AYE! X! W>@! <EF<! BCX>@<K! J<BW<@CJD@CK! F<M! VCW>@! <E! MCK! W@>hABAFCF<K! F<M!

W>b>+!
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Figura  45.  $<BW<@CJD@C!<E!M>K!W>b>K!<KJABDMCF>K!=>E!VCW>@!<E!<M!Ck>!:;:;+!

!

!

!

!

!

!

!

!

!

!

!

Figura  46.  $<BW<@CJD@C!<E!M>K!W>b>K!<KJABDMCF>K!=>E!VCW>@!<E!<M!Ck>!:;:-+!

  
!

!

!

!

!

!

!

!

!
!

/E!MC!]AUD@C!-N!K<!>?K<@VC!MCK!?CTCK!W<@B<C?AMAFCF<K!<E!<M!i@<C!F>EF<!K<!KAJaC!<M!

W>b>!W,\lG!=>E!@<MC=AYE!C!>J@CK!b>ECK!<E!<M!XC=ABA<EJ>g!M>!=DCM!TDKJA]A=C!BCX>@<K!

J<BW<@CJD@CK!F<?AF>!CM!CDB<EJ>!<E!MCK!W@<KA>E<K!F<!AEX<==AYE+!!!
  

(E!Ck>!F<KWDIK!F<!FC@!AEA=A>!C!MC!AEX<==AYE!=>EJAEDC!C!J@CVIK!F<M!W>b>!W,\l,g!K<!

W@<K<EJC! DE! WA=>! C=>BWCkCF>! F<! DEC! =@<=A<EJ<! W@>FD==AYE! F<! i=AF>! KDM][PF@A=>!

FD@CEJ<! <M! W<@A>F>! F<! <VCMDC=AYE+! /M! B>JAV>! K>E! MCK! CMJCK! J<BW<@CJD@CK! KAJDCFCK!
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<EJ@<! M>K!GL;q_! X!G8;q_! =>B>!=>EK<=D<E=AC!F<! MC! AEX<==AYEg! CKP! =>B>!BCX>@<K!

i@<CK!F<!=>EJC=J>!<EJ@<!<M!VCW>@!X!<M![AF@>=C@?D@>!F<?AF>!CM!AE=@<B<EJ>!<E!<M!@CFA>!

=CM<EJCF>+!1FA=A>ECMB<EJ<g!FCFC! MC!=>BDEA=C=AYE!<EJ@<! M>K!W>b>K!W,\l,!X!W,\l-!

=>B>! K<! <VAF<E=AC! <E! MC! ]AUD@C! -Qg! K<! W@<K<EJC! DE! F<KWMCbCBA<EJ>! F<M! 9:.! W>@!

WC@J<!F<!MC!=>@@A<EJ<!F<!UCK!F<KF<!<M!W>b>!AEX<=J>@![CKJC!<M!W>b>!W@>FD=J>@+!
  

Figura  47.  'AKJ@A?D=AYE!F<!W<@B<C?AMAFCF<K!<E!<M!i@<C!F<!CWMA=C=AYE!F<M!W@>=<K>!

F<!AEX<==AYE!F<!VCW>@+!

!
  
  

  
  
  

Figura   48.  $<BW<@CJD@C! <E! M>K! W>b>K! <KJABDMCF>K! =>E! VCW>@! <E! <M! Ck>! :;:L! X!

KJ@<CBMAE<K!F<!=>BDEA=C=AYE!<EJ@<!M>K!W>b>K!W,\l,!X!W,\l-+!

!
!

!

!

!

!

!

!

!

!

!

!
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)>E!<M!]AE!F<!=>E>=<@!<M!<]<=J>!cD<!JA<E<!MC!J<BW<@CJD@C!<E!MC!W@>FD==AYE!F<!9:.g!

K<!WMCEJ<C!?CT>!DE!<KcD<BC!F<!AEX<==AYE!cD<!K<!<hJA<EF<!<E!DE!i@<C!F<!,;!C=@<Kg!

=DXC! =>E]AUD@C=AYE! U<>BIJ@A=C! =>@@<KW>EF<! C! DE! WCJ@YE! F<! Z! WDEJ>K! AEV<@JAF>Kg!

<]<=JDC@!AEX<==AYE!C!JCKCK!F<!:Z;g!Z;;!X!,;;;!?C@@AM<K!F<!CUDC!CM!FPCg!U<E<@CEF>!

AEFA@<=JCB<EJ<!=CB?A>K!<E!MC!J<BW<@CJD@C!F<M!i@<C!F<!AE]MD<E=AC!F<M!WCJ@YE+!
!

4.   RESULTADOS  Y  DISCUSIÓN.  

/E!<KJ<!=CWPJDM>!K<!W@<K<EJCE! M>K! @<KDMJCF>K!K>?@<! M>K!<K=<EC@A>K!F<!KABDMC=AYE!

WMCEJ<CF>K! WC@C! <VCMDC@! <M! <]<=J>! F<! MC! W@<KAYE! X! MC! J<BW<@CJD@C! K>?@<! MC!

W@>FD==AYE!F<!i=AF>!KDM][PF@A=>+!)C?<!@<KCMJC@!cD<g!WC@C!<M!=CK>!F<!MC!J<BW<@CJD@Cg!

<KJC! K<! CECMAbC@i! <]<=JDCEF>! B>FA]A=C=A>E<K! <E! MCK! JCKCK! F<! AEX<==AYEg! M>! =DCM!

>=CKA>EC@i!=CB?A>K!<E!MC!J<BW<@CJD@C!cD<!K<!>?JA<E<!<E!MC!]>@BC=AYE+!
  

Tasas   de   inyección.   1! =>EJAEDC=AYEg! K<! <VCMDC@iE! J@<K! <K=<EC@A>K!

=>@@<KW>EFA<EJ<K!C! JCKCK!F<! AEX<==AYE!F<!:Z;g! Z;;! X! ,;;;!?C@@AM<K! F<!CUDC!W>@!

FPCg!=>EK<@VCEF>!DEC!=CMAFCF!F<M!VCW>@!F<M!N;pg!DEC!=>E]AUD@C=AYE!U<>BIJ@A=C!F<!

AEX<==AYE!F<!Z!WDEJ>K!AEV<@JAF>K!FAKJ@A?DAFC!<E!DE!i@<C!F<!,;!C=@<K+!/E!MC!]AUD@C!-8!

K<!W@<K<EJCE!M>K!@<KDMJCF>K+!!
!

Figura  49.  3@>FD==AYE!F<!9:.!<VCMDCEF>!JCKCK!F<!AEX<==AYE!F<!:Z;g!Z;;!X!,;;;!

?C@@AM<K!F<!CUDC!W>@!FPC+!
!

!

!

!

!
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'<! MC! ]AUD@C!-8!K<!WD<F<! AE]<@A@!cD<! M>K! AE=@<B<EJ>K!<E! M>K!V>MaB<E<K!F<!VCW>@!

KDBAEAKJ@CF>K! C! MC! ]>@BC=AYEg! <E! JI@BAE>K! F<! ?C@@AM<K! <cDAVCM<EJ<K! F<! CUDCg!

=>EMM<VC!C!cD<!MCK!J<BW<@CJD@CK!M>U@CFCK!<E!]>EF>!K<CE!BCX>@<K!X!CFA=A>ECMB<EJ<!

cD<!K<!>?J<EUCE!<E!DE!B<E>@!JA<BW>+!/KJ>!<K!F<?AF>!C!cD<!<M!CDB<EJ>!<E!MC!JCKC!

F<!AEX<==AYE!<K!CEiM>U>!C!DE!AE=@<B<EJ>!<E!<M!KDBAEAKJ@>!F<!=CM>@!C!MC!]>@BC=AYEg!

=>BW<EKCEF>!<E!BCX>@!B<FAFC!MCK!WI@FAFCK!cD<!K<!W@<K<EJCE!<E!MCK!]>@BC=A>E<K!

KD?XC=<EJ<K!X!KDW@CXC=<EJ<K+!/KJ>K!AE=@<B<EJ>K!<E!MCK!J<BW<@CJD@CK!CM=CEbCFCK!

<E! <M! KD?KD<M>! AE=AF<E! FA@<=JCB<EJ<! K>?@<! MC! =AEIJA=C! F<! MCK! @<C==A>E<K! F<!

C=DCJ<@BYMAKAK! CK>=ACFCK! C! MC! ABWM<B<EJC=AYE! F<! <KJ<! JAW>! F<! J<=E>M>UPCKg! W>@!

<EF<g! MC!=>EV<@KAYE!F<M!CbD]@<!@<C=JAV>!W@<K<EJ<!<E!<M![AF@>=C@?D@>!K<@i!BCX>@!X!

K<! >?J<EF@iE! BCX>@<K! V>MaB<E<K! F<! i=AF>! KDM][PF@A=>! <E! KDW<@]A=A<! =>E]>@B<!

BCX>@!K<C!<M!=CM>@!KDBAEAKJ@CF>g!@<MC=A>ECF>!=>E!BCX>@<K!JCKCK!F<!AEX<==AYE+!1KP!

BAKB>! <E! MCK! ]AUD@CK! Z;g! Z,! X! Z:! K<! W@<K<EJC@i! =>B>! K<! MM<VY! C! =C?>! MC!

FAKJ@A?D=AYE! F<! J<BW<@CJD@C! <E! <M! i@<C! F<! AE]MD<E=AC! F<M! WCJ@YE! F<! AEX<==AYE! <E!

]DE=AYE! F<! MC! JCKC! F<! VCW>@! <E! ?C@@AM<K! F<! CUDC! <cDAVCM<EJ<K! KDBAEAKJ@CF>K! CM!

XC=ABA<EJ>+!
!

Figura  50.  'AKJ@A?D=AYE!F<   J<BW<@CJD@CK!<E! M>K!W>b>K!F<M!WCJ@YE!F<!=AE=>!WDEJ>K!

AEV<@JAF>! =>@@<KW>EFA<EJ<K! CM! WAM>J>! F<! AEX<==AYE! <BWM<CEF>! DEC! JCKC! F<! :Z;!

?C@@AM<K!F<!CUDC!W>@!FPC!e7m3'f+!!

!

!

!

!

!

!

!

!

!

!
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Figura  51.  'AKJ@A?D=AYE!F<   J<BW<@CJD@CK!<E! M>K!W>b>K!F<M!WCJ@YE!F<!=AE=>!WDEJ>K!

AEV<@JAF>! =>@@<KW>EFA<EJ<K! CM! WAM>J>! F<! AEX<==AYE! <BWM<CEF>! DEC! JCKC! F<! Z;;!

?C@@AM<K!F<!CUDC!W>@!FPC!e7m3'f+!!

!

!

!

!

!

!

!

!

!

!
!
!

!

Figura  52.  'AKJ@A?D=AYE!F<   J<BW<@CJD@CK!<E! M>K!W>b>K!F<M!WCJ@YE!F<!=AE=>!WDEJ>K!

AEV<@JAF>! =>@@<KW>EFA<EJ<K! CM! WAM>J>! F<! AEX<==AYE! <BWM<CEF>! DEC! JCKC! F<! ,;;;!

?C@@AM<K!F<!CUDC!W>@!FPC!e7m3'f+!!

!

!

!

!

!

!
!

!

!

!

!
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_AECMB<EJ<g!<E!MC!]AUD@C!ZG!K<!<VAF<E=AC!<M!<]<=J>!cD<!K>?@<!MC!W@>FD==AYE!F<!i=AF>!

KDM][PF@A=>! JA<E<E! MCK! JCKCK! F<! AEX<==AYE! X! W>@! <EF<! MC! J<BW<@CJD@C! <E! <M!

XC=ABA<EJ>+!
!

Figura   53.   "E]MD<E=AC! F<! MC! J<BW<@CJD@C! <E! <M! XC=ABA<EJ>! K>?@<! MC! W@>FD==AYE!

C=DBDMCFC!F<!i=AF>!KDM][PF@A=>+!
!

  
  

Variación   en   presión.   1! =>EJAEDC=AYEg! K<! <VCMDC@iE! J@<K! <K=<EC@A>K!

=>@@<KW>EFA<EJ<K! W@<KA>E<K! F<! Z;;g! ,;;;! X! ,Z;;! WKAg! <BWM<CEF>! DEC! JCKC! F<!

AEX<==AYE!F<!,;;;!?C@@AM<K!F<!CUDC!W>@!FPCg!DEC!=CMAFCF!F<M!VCW>@!F<M!N;p!X!DEC!

=>E]AUD@C=AYE! U<>BIJ@A=C! F<! AEX<==AYE! F<! Z! WDEJ>K! AEV<@JAF>K! FAKJ@A?DAFC! <E! DE!

i@<C!F<!,;!C=@<K+!/E!MC!]AUD@C!Z-!K<!W@<K<EJCE!M>K!@<KDMJCF>K+!!
!

'<!MC!]AUD@C!Z-!K<!WD<F<!>?K<@VC@!cD<g!<E!M>K!AEA=A>K!F<!MC!AEX<==AYE!=>EJAEDC!F<!

VCW>@! <E! <M! Ck>! :;:Zg! <M! <K=<EC@A>! F<M! XC=ABA<EJ>! =>E! BCX>@! W@<KAYE!

=>@@<KW>EFA<EJ<! CM! F<! ,Z;;! WKAg! =D<EJC! =>E! DEC! W@>FD==AYE! F<! i=AF>! KDM][PF@A=>!

MAU<@CB<EJ<! KDW<@A>@! cD<! <M! <K=<EC@A>! F<]AEAF>! C! ,;;;! WKAg! X! <KJ<! C! KD! V<b!

=>EK<@VCEF>! <KJC! BAKBC! @<MC=AYEg! W@<K<EJC! DEC! W@>FD==AYE! BCX>@! F<! 9:.! =>E!

@<MC=AYE!CM!<K=<EC@A>!F<!B<E>@!W@<KAYE!]ATCF>!C!Z;;!WKA+!/KJC!@CbYE!>?<F<=<!C!cD<!

MCK! J<BW<@CJD@CK!F<!KCJD@C=AYE!CM=CEbCFCK!W>@!<M!VCW>@!<E! ]>EF>!K>E!KDW<@A>@<K!
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=DCEF>! K<! JA<E<E! BCX>@<K! W@<KA>E<Kg! <KJ>! F<?AF>! CM! VPE=DM>! J<@B>FAEiBA=>!

W@<K<EJ<!<EJ@<!MCK!F>K!VC@AC?M<K+!
  

Figura  54.  "E]MD<E=AC!F<!MC!W@<KAYE!<E!<M!XC=ABA<EJ>!K>?@<!MC!W@>FD==AYE!F<!i=AF>!

KDM][PF@A=>+!

!

!

/E!MC!]AUD@C!ZZ!K<!<VAF<E=AC!<M!<]<=J>!cD<!JA<E<!MC!W@<KAYE!F<M!XC=ABA<EJ>!K>?@<!MC!

W@>FD==AYE!C=DBDMCFC!F<!i=AF>!KDM][PF@A=>+!
!

Figura  55.   "E]MD<E=AC!F<! MC!W@<KAYE!<E!<M!XC=ABA<EJ>!<E! MC!W@>FD==AYE!C=DBDMCFC!

F<!i=AF>!KDM][PF@A=>+!

!

!
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!

'<!<KJ<!=>BW>@JCBA<EJ>!W@<K<EJCF>!<E!MC!]AUD@C!ZZg!<K!W>KA?M<!AE]<@A@!cD<!C!W<KC@!

cD<!MC!W@<KAYE!WD<FC!J<E<@!DE!<]<=J>!K>?@<!MC!W@>FD==AYE!F<!9:.!<E!<M!XC=ABA<EJ>g!

<KJC! VC@AC?M<! E>! AE=AF<! KAUEA]A=CJAVCB<EJ<! <E! MC! W@>FD==AYE! F<! i=AF>! KDM][PF@A=>g!

F<?AF>!C!cD<!MC!W@<KAYEg!C!FA]<@<E=AC!F<!MC!J<BW<@CJD@Cg!E>!W@>FD=<!DEC!AE=AF<E=AC!

=>EKAF<@C?M<!<E!<M!=>BW>@JCBA<EJ>!=AEIJA=>!F<! MCK! @<C==A>E<K!cD<!=>EMM<VCE!C! MC!

]>@BC=AYE!F<M!9:.!<E!MC!]>@BC=AYE+!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



  

	
   84	
  

5.   CONCLUSIONES  

0C! W@>]DEFAFCF! =>B>! DEC! MABAJCEJ<! F<! MC! ABWM<B<EJC=AYE! F<! MC! JI=EA=C! X! <M!

W@>FD=J>! .>d!! =>B>! AEFA=CF>@! F<M! W>J<E=ACM! F<! [AF@>=C@?D@>! W@<K<EJ<! <E! <M!

XC=ABA<EJ>g! @<W@<K<EJCE! M>K! WC@iB<J@>K! BiK! ABW>@JCEJ<K! <E! DE! W@>=<K>! F<!

K=@<<EAEU!WC@C!MC!ABWM<B<EJC=AYE!F<!MC!AEX<==AYE!F<!VCW>@!=>B>!BIJ>F>!JI@BA=>!

<E!MC!@<=DW<@C=AYE!F<!=@DF>K!W<KCF>K+!

!

0C!FAKJ@A?D=AYE!F<!CbD]@CF>K!@<W@<K<EJC!DE!W@>=<FABA<EJ>!WC@C!MC!F<J<@BAEC=AYE!F<!

MC! ]@C==AYE! F<! CbD]@<! @<C=JAV>g! =>B>! DE! CEiMAKAK! W@<MABAEC@! WC@C! <VCMDC@! MC!

]C=JA?AMAFCF! F<! U<E<@C=AYE! F<! i=AF>! KDM][PF@A=>! <E! DE! =@DF>! =CEFAFCJ>! C! K<@!

K>B<JAF>!C!DE!W@>=<K>!F<!@<=>?@>!JI@BA=>+!!

!

0C! =AEIJA=C! F<! MC! @<C==AYE! cD<! <KcD<BCJAbC! <M! ]<EYB<E>! F<! C=DCJ<@BYMAKAK! K<!

<E=D<EJ@C! ]D<@J<B<EJ<! AE]MD<E=ACFC! W>@! MC! J<BW<@CJD@C! X! W>@! <EF<! W>@! CcD<MMCK!

VC@AC?M<K!cD<!=>EMM<V<E!C!U<E<@C@!]MD=JDC=A>E<K!<E!<KJ<!WC@iB<J@>+!!

!

0C!JCKC!F<!AEX<==AYE!F<!VCW>@g!VAE=DMCFC!FA@<=JCB<EJ<!=>E!MC!J<BW<@CJD@C!cD<!K<!

WD<F<!M>U@C@!<E!<M!KD?KD<M>g!]D<!MC!=>EFA=AYE!cD<!U<E<@Y!BCX>@!]MD=JDC=AYE!<E!MC!

VC@AC?M<!>?T<JAV>!=>@@<KW>EFA<EJ<!C!MC!W@>FD==AYE!F<!i=AF>!KDM][PF@A=>g!<KJ>!F<?AF>!

C!cD<!DE!AE=@<B<EJ>!>!DEC!FAKBAED=AYE!<E!MC!AEX<==AYE!@<W@<K<EJC!DEC!CMJ<@C=AYE!

FA@<=JC!<E!<M!=CM>@!KDBAEAKJ@CF>!C!MC!]>@BC=AYEz!<K!W>@!<MM>!cD<!MC!J<BW<@CJD@C!cD<!

K<!M>U@<!<E!<M!KD?KD<M>!<K!F<W<EFA<EJ<!F<!M>K!V>MaB<E<K!F<!VCW>@!AEX<=JCF>K!CM!

XC=ABA<EJ>+!

!

0C! W@<KAYE! F<M! XC=ABA<EJ>! ]D<! DE! WC@iB<J@>! cD<! E>! JDV>! DEC! AE=AF<E=AC!

KAUEA]A=CJAVC!<E! MC!VC@AC?M<!>?T<JAV>!=>@@<KW>EFA<EJ<!C! MC!W@>FD==AYE!F<!9:.+!/KJ>!

<K!F<?AF>!C!cD<!KD!<]<=J>!<E!MC!=AEIJA=C!F<!MCK!@<C==A>E<K!E>!<K!=>EKAF<@C?M<!=>E!

@<MC=AYE!CM!cD<!<T<@=<E!M>K!=CB?A>K!<E!MC!J<BW<@CJD@Cg!VAE=DMCFC!FA@<=JCB<EJ<!=>E!

MCK!JCKCK!F<!AEX<==AYE!F<!VCW>@!C!MC!]>@BC=AYE+!
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6.   RECOMENDACIONES  

%<CMAbC@! <KJDFA>K! F<! J<@B>cDPBA=C! CM! [AF@>=C@?D@>! F<! AEJ<@IKg! =>E! <M! ]AE! F<!

F<J<=JC@!=DiM<K!K>E!M>K!=>BWD<KJ>K!CbD]@CF>K!cD<!K<!<E=D<EJ@CE!@<C==A>ECEF>!X!

=>@@<KW>EF<E!C!M>K!W@<=D@K>@<K!<E!MC!]>@BC=AYE!F<!i=AF>!KDM][PF@A=>+!

!

'<J<@BAEC@! WC@C! M>K! =>BWD<KJ>K! CbD]@CF>K! F<J<=JCF>K! <E! <M! =@DF>g! MCK!

=>EFA=A>E<K!J<@B>FAEiBA=CK!?CT>!MCK!=DCM<K!K>E!@<C=JAV>Kg!=>E!<M!]AE!F<!<KJC?M<=<@!

KA! K>E! =>BWD<KJ>K! K<EKA?M<K! C! @<C==A>EC@! ?CT>! MCK! =>EFA=A>E<K! F<! W@<KAYE! X!

J<BW<@CJD@C!cD<!K<!M>U@CE!<E!DE!W@>=<K>!F<!AEX<==AYE!F<!VCW>@+!

!

/VCMDC@!<M!<]<=J>!cD<!WC@iB<J@>K!F<!FAK<k>!X!=>EJ@>M!JCM<K!=>B>!<M!<KWC=ACBA<EJ>!

F<M! WCJ@YEg! MC! =>E]AUD@C=AYE! U<>BIJ@A=C! F<! MC! AEX<==AYEg! M>K! V>MaB<E<K! F<! VCW>@!

AEX<=JCF>K!X!MC!=CMAFCF!F<M!BAKB>g!U<E<@CE!K>?@<!MC!W@>FD==AYE!F<!9:.+!!!!

!
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