
C H A P T E R  I
I N T R O D U C T I O N

W ater flood ing  is a com m on procedure used to enhance the secondary  
and tertiary  oil recovery . T he porous rock m atrix  o f  a pe tro leum  reservo ir is 
never com p lete ly  hom ogeneous. In fact, there are num erous zones o f  high 
perm eab ility  th a t act as conduits for alm ost direct transfer o f  w a te r from  the 
in jection  w ell to  the production  w ell resu lting  in an unfavorable  ra tio  betw een 
the w ater and  oil. A s the w aterflood  com m ences, the h igh  and low 
perm eab ility  zones are both oil saturated. The w aterflood  fo llow s the routes 
o f  least resistance  that are the h igh-perm eability  zones and act as the energy 
force to  pu sh  out any oil a long th is path . H ow ever, once the oil has been 
d isp laced  from  th ese  h igh-perm eability  zones the w ater continues to  fo llow  the 
sam e routes. C onsequently , the low -perm eability  zones still unsw ep t and 
contain  large am ount o f  oil (H ankins and H arw ell, 1997).

T he p rocess o f  b lock ing  o f f  the h igher perm eab ility  zones and 
d iverting  th e  w aterflood  to  o ther unsw ep t zones is called  se lective  p lugging. 
In o rder to  be effective, the p lug  m ust penetrate  deep th rou ghou t the high- 
perm eab ility  zones. I f  the shallow  p lug  established, the w aterflood  is in itially 
b locked  from  the h igh-perm eab ility  zones and push out som e oil. H ow ever, 
beyond  the p lug , the w ater returns to  the h igh-perm eab ility  zones and m uch oil 
still rem ains in  the low -perm eability  zones. W ith a deeper p lu g  in the high- 
perm eab ility  zones, the w aterflood ing  is forced to  stay in the low -perm eab ility  
zones and push  oil out until m ost o f  the oil is drained. F igure 1.1 show s the 
schem atic  d iagram  o f  the effects o f  shallow  and deep p lugs on enhanced  oil 
recovery .

M any b lock ing  agents have been em ployed  for reducing  the 
perm eab ility  o f  the w ater sw ept zones. A lthough gels, collo idal dispersions,
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and po lym ers have also been used, these  applica tions genera lly  do not 
penetrate  deep into the form ations. F low  is d irected  only over the treated  
reg ion  near the w ell-bore, bu t then re-en ters the h igh perm eab ility  zones 
(D onalson  e t  a l . ,  1989).

C urren tly , the new  technique using  the nanosized  silica  partic les that 
are far m ore effective for p lugg ing  h igh -perm eab ility  zones th an  the organic 
po lym ers and gels is being  investigated . It m ay be  p ossib le  to  sustain  the 
grow th o f  silica  partic les w ith in  the h igh -perm eab ility  zones o f  a petro leum  
reservoir. C onsequently , sw eep effic iency  and p rodu ction  o f  oil are increased.

T herefore, the nanosized  silica  partic les syn thesized  in w /o  
m icroem ulsions w ere  used to  reduce the perm eab ility  o f  porous m edia  in this 
study.

Figure 1.1 S c h e m a tic  d ia g ra m  o f  th e  e ffe c ts  o f  sh a llo w  an d  d e e p  p lu g s  on
e n h a n c e d  o il re c o v e ry . (D o n a ld so n  e t  a l . ,  1989)
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