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Abstract	  
With	   ever	   more	   challenging	   (T,p)	   environments	   for	  
cementing	   applications	   specifically	   in	   shale	   gas	  
applications,	   there	   is	   a	   need	   to	   change	   the	   classical	  
paradigm	   for	   design	   and	   safe	   operation	   of	   cement	  
liners.	   In	   particular,	   the	   risk	   of	   leakage	   of	   gas	   wells	  
warrants	   rethinking	   the	   current	   design	   of	   cement	  
liners.	   In	   this	   talk,	   I	   present	   essential	   elements	   of	  
engineering	  science.	  Starting	  at	  the	  molecular	  scale	  of	  
calcium-‐silicate-‐hydrates	   (C-‐S-‐H),	   I	   will	   discuss	  means	  
of	  propagating	   this	   understanding	   via	   coarse	   graining	  
(upscaling)	  methods	  to	  the	  meso-‐	  and	  macroscale,	  and	  
ultimately	  the	  field-‐scale	  of	  engineering	  applications.	  I	  
will	   argue	   that	   recent	   insights	   into	   molecular	  
properties	   and	   colloidal	   interactions	   of	   cement	  
hydrates	   provides	   a	   strong	   backbone	   for	   a	   shift	   of	  
paradigm,	   moving	   away	   from	   strength	   theory	   design	  
toward	  a	  poroelastic	   fracture	  design;	   to	  ensure	   zonal	  
isolation	   and	   minimize	   gas	   leakage	   risks.	  
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