
Smec%te	
  erosion	
  model-­‐	
  tes%ng	
  
model	
  simplifica%on	
  	
  

Ivars	
  Neretnieks	
  and	
  Luis	
  Moreno	
  
Dept.	
  Chemical	
  Engineering	
  and	
  Technology	
  

Stockholm,	
  Sweden	
  
	
  

BELBaR	
  Mee%ng,	
  Helsinki,	
  March	
  2013	
  

	
  



Erosion	
  of	
  smec%te	
  

•  Fresh	
  water	
  solubilizes	
  smec%te	
  	
  
•  High	
  flowrates	
  around	
  a	
  deposi%on	
  hole	
  	
  



Transport	
  processes	
  at	
  gel/GW	
  interface	
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Diffusion	
  to	
  passing	
  GW	
  

Solve	
  the	
  coupled	
  flow	
  and	
  diffusion	
  equa%ons	
  	
  



Main	
  compe%ng	
  mechanisms	
  

•  Smec%te	
  swells	
  by	
  a	
  diffusion-­‐like	
  process	
  into	
  
the	
  seeping	
  water	
  

	
  
•  Gel/sol	
  viscosity	
  increases	
  greatly	
  with	
  volume	
  
frac%on	
  



Diffusion	
  profiles-­‐	
  measured	
  



Model	
  predic%on	
  of	
  experiment	
  

Balance	
  of	
  swelling	
  
force	
  and	
  fric%on	
  
force	
  of	
  par%cle	
  in	
  
water,	
  
Liu	
  L.	
  	
  
	
  



Diffusion	
  func%on	
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The	
  curves	
  from	
  le.	
  to	
  right	
  are	
  for	
  0.01,	
  0.1,	
  1,	
  10,	
  and	
  100	
  mM	
  
ion	
  for	
  z=1,	
  δp =10-­‐9	
  m	
  and	
  σ0=-­‐0.131	
  C/m2	
  

Liu	
  et	
  al.	
  Langmuir	
  2009,	
  25,	
  679-­‐687	
  679	
  	
  



Gel/sol	
  viscosity	
  

!
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Liu	
  L.	
  Physics	
  and	
  Chemistry	
  of	
  the	
  Earth	
  36	
  (2011)	
  1792–1798	
  



!!
!t

=
!
!x
D(!)!!

!x
+
!
!y
D(!)!!

!y
"ux

!!
!x

"uy
!!
!y

ux = !To
! frac

"g#($)
dP
dx

Concentra%on	
  (t1,x,y)	
  

Flowrate(t1,x,y	
  

Equa%ons,	
  sample	
  simula%ons	
  



Concentra%on	
  profile	
  



Flow	
  velocity	
  



Concentra%on	
  and	
  Smec%te	
  flowrate	
  	
  



Concerns	
  

•  We	
  and	
  others	
  have	
  experienced	
  difficul%es	
  of	
  
solving	
  the	
  eqs	
  in	
  several	
  important	
  cases	
  

•  Modern	
  tools	
  e.g.	
  Comsol	
  Mul%physics®	
  and	
  
Mathema%ca®	
  are	
  not	
  robust	
  for	
  the	
  very	
  
sharp	
  fronts	
  

•  Results	
  may	
  be	
  erroneous	
  by	
  unknown	
  
quan%ty	
  even	
  when	
  results	
  are	
  obtained	
  



Everything	
  happens	
  in	
  a	
  thin	
  rim-­‐	
  Causes	
  
numerical	
  difficul%es	
  

•  Gain	
  insights	
  into	
  when	
  different	
  mechanisms	
  are	
  
important	
  
–  Flow	
  
– Diffusion	
  	
  
–  viscosity	
  

•  Improve	
  numerical	
  techniques	
  
–  Finer	
  grids	
  in	
  Finite	
  element/difference	
  methods	
  
– Adap%ve	
  grids?	
  

•  Simplify	
  equa%ons	
  –	
  next	
  slide	
  



Simplify	
  equa%ons	
  for	
  linear	
  flow	
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Oden	
  we	
  are	
  
interested	
  in	
  
Steady	
  State.	
  
Omit	
  term	
  

Gradient	
  in	
  flow	
  
direc%on	
  (x)	
  <<	
  
than	
  in	
  
perpendicular	
  
direc%on	
  

Smaller	
  than	
  in	
  
flow	
  direc%on,	
  
but….	
  	
  	
  	
  



Ader	
  some	
  manipula%on	
  
transforma%on	
  

f1(!) d
2!
dz2

+ f 2(!)(d!
dz
)2 = !2z d!

dz

One	
  ODE	
  results	
  as	
  a	
  boundary	
  
value	
  problem	
  !	
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Some	
  results	
  for	
  the	
  ODE	
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Compare	
  Full	
  and	
  Simplified	
  method	
  	
  

Simplified	
  method:	
  0.01384	
  kg/yr	
  	
  

Full	
  method:	
  0.01461	
  kg/yr	
  	
  

U=32	
  m/yr	
  
Aperture=1	
  mm	
  
Lx=2.4	
  m	
  



Simplifica%ons	
  



Combine	
  rim	
  and	
  expansion	
  models	
  
Nrim ! f (!i )" frac x

Nrad =
2!" frac
ln(ro / ri )

D(#o !#i )

Nrim ! f (!i )" frac 2#r0

Solve 2Nrim (ri ) = Nrad (ri ) for ri



Thank	
  you	
  for	
  your	
  alen%on	
  


