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Hydraulic$characteriza2on.$Goal$and$methodology$
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Goal%
%
The$ hydraulic$ characteriza2on$ of$ the$ geological$ storage$ involves$ the$ different$ tests$ to$ be$
developed$to$“laboratory$and$real”$scale$at$the$explora2on$phase,$in$order$to$model$the$reservoir$
dynamic$behavior$and$design$safe$and$efficient$ injec2on$strategies$ for$ the$whole$of$ the$project$
life.$
$
Methodology%in%fractured%carbonates%
%
Boundary$Condi2ons:$Low$porosity$(permeability$by$fractures),$high$anysotropy$and$high$chemical$
reac2vity$level$
%
! !Iden2fy$pressure$and$temperature$distribu2on$at$the$cap$and$reservoir$forma2ons$during$the$
injec2on$and$fall$off$period.$
! Analyze$geomechanical,$thermal$and$$chemical$effects$in$the$rock$massif.$
! Establish$ the$ opera2onal$ pressure$ range.$ Injec2on$ threshold,$ fracking$ pressure$ and$ the$
binomial$“injec2on$pressure#seismic$response”.$
! Quan2fying$the$level$of$entrapment.$
! Design$the$injec2vity$abacous$for$each$stage$of$the$opera2onal$phase.$
! Refine$the$“radial$composite”$and$3D$dynamic$models$
! Data$for$the$risk$preven2on$model.$
$
Using$ brine$ and$ carbon$ dioxide$ for$ analyzing$ the$ injec2on$ parameters$ effects$ of$ both$ (fluid$
density,$viscosity,$compressibility,$presence$of$impuri2es,$etc)$
%
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Preliminary$tests$during$the$drilling$phase.$Permeability$tests$
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Preliminary$tests$during$the$drilling$phase.$Connec2vity$tests$
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Leak$off$test$(LoT)$results$from$the$reservoir$level$are$needed$



Petrophysical%laboratory%works%
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Main$ Goals:$ To$ determine$ the$ injec2on$ threshold$ in$ reservoir$ condi2ons$ analyzing$
the$ preliminary$ chemical$ effects$ between$ the$ brine,$ carbon$ dioxide$ and$ the$ rock$
massifs$$

%
%
%
%
%
%
%
%
ATAP%Equipment%Universidad!Politécnica!de!Madrid!!

Test%CondiFons%%Sopeña%FormaFon%(reservoir)%Limestone%Lias%
%
InjecFon%Pressure%%%%%%%%75%bar%(supercrital%phase%at%the%wellhead)%
Temperature%%%%%%%%%%%%%%%%%45º%C%(according%well%logging%tests)%
Confining%pressure%%%%%%133U141%bar%(according%well%logging%tests)%
Mixture%CO2Ubrine%%%%%%%several%
Flow%rate%%%%%%%%%%%%%%%%%%%%%%%%0,5%cm3/min%
Plug%sample%%%%%%%%%%%%%%%%%%%Reservoir.%Low%porosity%and%permeability%
%

Laura%Valle%Ph.D$Mining$Engineer$IPf$
%
%



Petrophysical%laboratory%works.%CT%Scanner%and%SEM%
%
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Pre#Injec2on$$ Post#injec2on$

Fundación%InsFtuto%Petro\sico%(IPf) 



Hydraulic%characterizaFon%campaigns.%Tests%with%brine%
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Methodology:$More$than$10.000$m3$of$brine$have$been$injected$in$the$reservoir$
following$$the$modes:$“pressure$control”,$“flow$control”$and$“injec2on#produc2on”$
according$with$the$goals$described.$
Tests%in%the%mode%“Pressure%Control”%(Well%HI)%
%

Preliminary$conclusion.#The$hydrodinamic$effect$has$a$high$ influence$in$the$reservoir$behaviour,$
changing$the$permeability$and$the$transmissivity.$$



Hydraulic%characterizaFon%campaigns.%Tests%with%brine%
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Tests%in%the%mode%“Flow%Control”%(Well%HI)%
%
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The$injec2vity$abacous$correlates$the$WHP$with$
the$ WBP$ and$ the$ injec2on$ flow$ per$ each%
reservoir% operaFonal% stage,$ this$ means$ the$
correlated$parameters$could$change$during$the$
different$phases$of$the$project.$
$
The% fractured% carbonates% dynamic% behaviour%
involves% changes% in% the% operaFon% condiFons%
which%should%be%predicted%



Hydraulic%tests%interpretaFon%with%brine%
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Soaware$Shaphir$“Radial$composite”$

Difussivity%ecuaFon%
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Aaer$14.000$m3$of$brine$injected$and$1.000$t$of$CO2$mixtured$with$brine$at$the$injec2on$
facility$commissioning$the$results$are$the$following$(January$2015):$

Permeability%test%(HA%Aug%2013)=%24,23%mD.m%
Hydraulic%campaign%(HI%Jan%2015)=%247%mD.m%%



Seismic%Response.%The%event%
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Facility$control$in$pressure$mode$80$bar$

Seismic$response$threshold$80$bar$

Ques2ons:$
$
1.#$Fault$ac2va2on?$
$
2.#$Pressure$for$fracture?$
$
3.#Stress$distribu2on$realloca2on?$



Seismic%Response.%The%soluFon%
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Specific$choke$for$CO2$injec2on$

$
∆p:$Pressure$drop$(Pa)$
f:$Fric2on$Coef.$$Darcy$–$Weisbach$
L:$Choke$lenght$(mm)$
d0:$Inner$diameter$(mm)$
vf:$Fluid$speed$(m/s)$

 

Darcy#Weisbach$Equa2on$

Low$pressure$CO2$Injec2on$



Modelling%
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! Specific$soaware$for$fractured$carbonates.$
! Transport$code:$mul2phase$flow,$several$specimens$and$reac2ve.$Impuri2es$considered$$
! Equa2on$of$state$for$transport:$

! Calculus$method$for$chemical$reac2vity$(finite#rate$based$in$Arrhenius$Principles):$

! The$code$uses$the$“finite$volume$method”$to$solve$the$different$equa2ons$of$the$state.$
! The$Navier#Stokes$equa2ons$should$be$solved$for$each$carbon$dioxide$secuestra2on$phase,$regarding$
the$following$CO2$tramping$mechanisms:$

! Residual$
! Dissolu2on$
! Mineraliza2on$$

! Radial$composite,$modelling$the$fractures$considering$two$types$(faults$and$joints)$$



Conclusions%%
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! The$ fractured$ carbonates,$ to$become$ in$ reservoirs$ for$ carbon$dioxide$ storage,$ exhibit$ a$behaviour$
with$low$porosity$(permeability$by$fractures),$high$anysotropy$and$high$chemical$reac2vity$level.$

! It$ is$ needed$ to$ analyze$ the$ hydraulic,$ geomechanical,$ chemical$ and$ thermal$ effects$ through$ de$
different$hydraulic$characteriza2on$phases$(with$brine$and$CO2).$

! The$firts$ step$ for$ the$ injec2on$strategies$design$ is$ to$ set$ the$pressure$ range:$preliminar$ injec2vity,$
fracture$pressure$and$seismic$response$threshold.$Informa2on$from$laboratory$tests$and$well$ logging$
works$(leak$off$test)$is$necessary.$

! The$dynamic$behaviour$of$the$reservoir$ involves$changes$ in$the$permeability$and$transmissivity$for$
the$whole$of$the$project$life,$which$means$it$would$be$needed$to$determine$the$opera2onal$condi2ons$
for$each$stage(injec2vity$abacous).$$

! The$ seismic$ response$ and$ its$ rela2onship$with$ the$ injec2on$ pressure$ range$ $ are$ one$ of$ the$most$
important$concerns$for$the$site$operator.$Specific$tools$for$its$interpreta2on$and$predic2on$are$needed$
to$define$mi2ga2on$procedures.$

! These$facts$could$condi2on$the$decission$making$process$about$the$number$of$wells$to$be$drilled,$the$
works$schedule,$maximum$flow$to$be$injected,$etc.$

! The$ use$ of$ specific$ well$ comple2ons$ (chokes)$ could$ be$ the$ solu2on$ regarding$ the$ permeability$
changes$and$seismic$response$from$the$reservoir.$

! New$and$adapted$models$for$simula2ng$the$fractured$carbonates$behaviour,$for$the$CO2$geological$
storage$cicle,$are$key$issue$in$the$decission$making$process.$$$
$
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