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Well	
  Cement	
  
Mo#va#on:	
  New	
  resources	
  need	
  new	
  
technologies	
  and	
  responsible	
  development	
  
	
  
Most	
  commonly	
  used	
  well	
  cement:	
  class	
  G	
  and	
  H	
  

	
   	
  -­‐predictable	
  thickening	
  Eme	
  
	
   	
  -­‐high	
  sulphate	
  resistance	
  

-­‐fluid	
  loss	
  control	
  
-­‐consistency	
  
-­‐controllable	
  density	
  
-­‐low	
  viscosity	
  
-­‐low	
  free	
  fluid	
  
-­‐strength,	
  ducElity	
  



Atoms	
  

	
  	
  
Molecular	
  	
  
scale	
  

	
  	
  
Micro	
  scale	
  

	
  	
  
Meso	
  scale	
  

	
  
	
  

Hierarchical	
  Structure	
  of	
  Well	
  Cement	
  

electrons	
  

Chemical	
  interac#ons	
  

Adhesion/Molecular	
  
proper#es	
  

Par#cle/Intermolecular	
  
proper#es	
  

Forma#on	
  of	
  	
  
microstructure	
  

Electronic	
  proper#es	
  



DerivaEves	
  of	
  Well	
  Cement	
  

-Schlumberger CemCRETE technology  

-Clacium Aluminate cement (Halliburton Themalock CementTM) 

-Modified Sorel cements (e.g. BJ Magne PlusTM, Baker Hughes Magne SetTM)  

-Foamed cements (e.g. Halliburton AquaSeal™) 

-Storable oil well cement (e.g. BJ liquid stoneTM) 

-Microfine cements  

-Expansive cement 

-Mud-to-cement conversion technologies  

..... 

All	
  based	
  on	
  empirical	
  methods	
  and	
  trial	
  and	
  error	
  approaches	
  



A	
  bold	
  approach	
  to	
  create	
  a	
  mulEdisciplinary	
  consorEum	
  on	
  
Smart,	
  Tunable	
  and	
  Safe	
  Well	
  cement,	
  starEng	
  from	
  the	
  genesis	
  
of	
  cement.	
  
	
  	
  
-­‐  Why:	
  New	
  convenEonal,	
  unconvenEonal	
  and	
  deep	
  water	
  resources	
  need	
  new	
  

technologies;	
  environmental	
  blight	
  in	
  well	
  cemenEng=	
  threat	
  (e.g.	
  2010	
  Gulf	
  of	
  
Mexico)	
  	
  

-­‐  What:	
  Form	
  a	
  comprehensive	
  plaaorm	
  integraEng	
  computa#ons,	
  experiments	
  and	
  
socioeconomics	
  for	
  smart	
  and	
  safe	
  design	
  of	
  well	
  cement	
  

-­‐  Where:	
  Centered	
  at	
  Rice	
  University	
  with	
  support	
  of	
  local	
  and	
  internaEonal	
  companies	
  	
  
-­‐  When:	
  2015-­‐2020	
  
-­‐  Who:	
  Led	
  by	
  Rice	
  with	
  support	
  from	
  service	
  companies	
  and	
  oil	
  and	
  gas	
  producers	
  	
  
-­‐  How:	
  A	
  consorEum	
  to	
  engage	
  industry	
  parEcipaEon	
  and	
  support	
  	
  	
  

	
  

Objective 



The	
  Three	
  Trusts	
  of	
  the	
  ConsorEum	
  

Experiments	
   SimulaEons	
   Economy,	
  
Environment	
  	
  

Shift of Paradigm: Bottom-up 



World-­‐Class	
  Team	
  at	
  Rice	
  
	
  

Pulichel Ajayan  
(Material	
  Science) 

George	
  Hirasaki	
  
(Chemical Eng) 

James Tour  
(Chemistry) 

Kenton Whitemire 
(Chemistry) 

Andy	
  Barron 
(Chemistry) 

Satish Nagarajaiah (Civil Eng) 

Synthesis, characterization corrosion 
(hallow ceramics propants)	



Polymer-cement 
composites, organic 
chemistry (among the 
most cited chemists in 
the world) 	



Smart structures,   
control, sensing	



  Surfactant/foam 
transport, Fluid-solid 
interactions, EOR	



Inorganic chemistry, 
NMR, TEM	

 Design, synthesis and 

assembly of novel 
nanoscale materials	



Ken Medlock 
(Economics	
  &	
  Public Policy) 

    Rouzbeh Shahsavari  
(Civil Eng, Materials Science) 

 Design, Multiscale 
Computations	



Cost-effectiveness, public issues 	





8	
  

Example	
  1	
  
	
  

	
  Tuning	
  Chemo-­‐mechanics	
  of	
  Well	
  
Cement	
  via	
  ComputaEons	
  



ComputaEons:	
  Rapid	
  Screening	
  of	
  ProperEes	
  

Random'
Configura-on'
Generator'

(a)$ (c)$ (d)$

hmax$

Pmax$
S(hmax)$

Dissipated$
Energy$

(b)$

Ωnr$CSH(FF$

Ωr$ReaxFF$

à	
  Providing	
  guiding	
  hypotheses	
  for	
  experiments	
  	
  
à	
  EliminaEng/minimizing	
  the	
  empirical	
  trial	
  and	
  errors	
  
à	
  ExpediEng	
  discovery	
  of	
  new	
  materials	
  

ComputaEonal	
  nanoindentaEon	
  predicts	
  SEffness,	
  Strength,	
  Toughness	
  



10	
  

Example	
  2	
  
	
  

	
  MulEfuncEonal	
  Boron	
  Nitride	
  
Cement	
  Composites	
  



MulEfuncEonal	
  Cement	
  Composites	
  

Emerging	
  2D	
  nanosheets	
  
Quantum	
  confinement	
  effect	
  -­‐Super	
  thermal	
  conducEve	
  

-­‐Super	
  hydrophobic	
  
-­‐Mechanical	
  Strong	
  and	
  SEff	
  
-­‐Thermally	
  stable	
  up	
  to	
  1100	
  °C	
  
-­‐Self-­‐sensing	
  

Mul$func$onal	
  Addi$ves	
  (Boron	
  Nitride)	
  
	
  

Computa#ons	
  
	
  

Experiments	
  
	
  

Rafie	
  M,	
  Narayanan,	
  Hashim	
  D.	
  sakhavand	
  N,	
  Shahsavari	
  R.,	
  et	
  al,	
  Adv.	
  Func.	
  Mater.,	
  2013	
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Example	
  3	
  
OpEmizing	
  Microstructure	
  Topology	
  

and	
  Heterogeneity	
  



Topology	
  &	
  Heterogeneity	
  opEmizaEon	
  

P	
  

Example:	
  Can#lever	
  beam	
  

Example:	
  What	
  is	
  the	
  
opEmum	
  design	
  of	
  a	
  
canElever	
  beam	
  with	
  two	
  
materials	
  ?	
  	
  	
  	
  	
  	
  E1	
  =	
  20	
  E2	
  	
  

 ! !,Ω = − ! ! !Ω = −β !" ! . ! ! !Ω− γ !(!) !!Ω!!!                                      (1) 

!! !,! = − ! !,! !x+ ε! ! ∇! ! !x+ !
! !(!(!))!x!!! + !! !!(!, θ)            (2) 

!! ! − ε!div ∇!"! ∇! ∇! + !!!
! ! + !! !!! = 0!!for!!! ∈ Ω; !!!!and!!!! ∂!∂n! = 0!on! ∂Ω! 

E1	
  	
   E2	
  	
  

Modern	
  topology	
  opEmizaEons	
  by	
  phase	
  field	
  method	
  from	
  
theory	
  of	
  phase	
  transiEons	
  in	
  materials	
  science:	
  



Topology	
  &	
  Heterogeneity	
  opEmizaEon	
  

-­‐3D	
  Prin#ng	
  and	
  Laboratory	
  Tes#ng	
  
	
  Use	
  of	
  block	
  copolymers	
  (hydrophobic	
  +	
  hydrophilic)	
  to	
  

segregate	
  phases	
  
-­‐Coa#ng	
  Steel	
  Casing	
  
-­‐Applying	
  voltage	
  	
  	
  

P	
  
P	
  

p	
  

Γ1 

Γ1 

Γ1 

Γ2 

p	
   Γ1 

Γ1 

Γ2 

p	
  

p	
  

p	
  

Example:	
  CanElever	
  beam	
   Maximizing	
  Duc#lity	
  and	
  Strength	
  



•  IntegraEng	
  experiments	
  and	
  simulaEons	
  from	
  the	
  molecular	
  
level	
  up	
  is	
  the	
  most	
  promising	
  approach	
  for	
  breakthrough	
  
technologies	
  in	
  well	
  cemenEng	
  and	
  well	
  integrity	
  

•  The	
  Rice	
  University’s	
  ConsorEum	
  on	
  well	
  cemenEng	
  is	
  based	
  
on	
  the	
  state-­‐of-­‐the-­‐art	
  Experiments,	
  Simula#ons	
  and	
  
Socioeconomics	
  to	
  provide	
  a	
  system	
  approach	
  for	
  
developing	
  smart	
  and	
  safe	
  well	
  cement	
  

•  If	
  you	
  need	
  further	
  informaEon	
  about	
  joining	
  this	
  
consorEum,	
  please	
  contact	
  Dr.	
  Rouzbeh	
  Shahsavari	
  
(rs28@rice.edu)	
  

	
  

Take	
  Home	
  Ideas	
  


