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Abstract
Inverting  remote  tiltmeter  data  to  locate  evolving  hydraulic  fracture
footprints is a classically ill-posed problem due to the fact that the elliptic
PDE that governs the behaviour of the displacement gradient field rapidly
smooths the geometric details of the fracture with distance. Indeed, it is
possible to show that it is only feasible to obtain reasonable estimates of
the first few moments of the crack opening displacement field from such
measurements. However, by combining the remote tiltmeter data with a
dynamic hydraulic fracture (HF) model it is possible to use the titlmeter
data to update the dynamics of the HF model in a way that incorporates
significant physical processes that have not been included in the original
HF model.  This has been achieved by combining the extended Kalman
Filter  (EKF)  with  an  Implicit  Level  Set  Algorithm  (ILSA)  to  provide
maximum likelihood estimates of the state variables that characterize the
evolving HF.  The ILSA-EKF algorithm has been applied to monitor  the
progress  of  preconditioning  in  mining  operations,  and  to  monitor  the
creation of hydraulic fractures for energy storage. However, the ILSA-EKF
algorithm  is  computationally  intensive  and  only  suitable  for  post-
processing of tiltmeter data. The EKF has recently been combined with a
reduced  order  model  (EKF-R)  to  achieve  real-time-scale  imaging  of
hydraulic fracture footprints.

In  this  talk  I  will  give  a  brief  introduction  to  the  tiltmeter  inversion
problem,  the Extended Kalman Filter,  and the ILSA and reduced order



hydraulic  fracture models.  The computational  efficiency of  the reduced
order  model  results  from  limiting  the  number  of  degrees  of  freedom
required to define the state of the hydraulic fracture to five - compared
the order of magnitude (or more) degrees of freedom required for the fully
planar ILSA model. Given the considerable uncertainties in both material
properties of the elastic medium and the prevailing stress conditions in
the field, a detailed fully planar model might not warrant the additional
computational  expense.  Indeed,  the  EKF  is  able  to  compensate  for
considerable  un-modelled  dynamics  while  the  reduced  model  offers
sufficient  computational  efficiency  to  make  real-time  monitoring  a
possibility.  In  this  talk  I  will  demonstrate  the  efficacy  of  the  EKF-R
algorithm  and  explore  its  sensitivity  to  uncertainties  in  the  material
properties  in  the  solid  medium,  the  confining  stress  field,  and  the
geometric distribution of tiltmeters. The ILSA-EKF model requires a priori
knowledge  of  the  fracture  plane  orientation.  In  this  talk  I  will  also
demonstrate  how  the  EKF-R  algorithm  can  be  adapted  to  rapidly
determine the fracture orientation early in evolution of  the fracture by
minimizing the difference between the measured tilt  vectors and those
that correspond to the EKF-R solution. A practical field implementation of
such  a  real-time-scale  imaging  would  open  the  potential  for  real-time
monitoring and even possible  control  of  the dynamics of  the hydraulic
fracture.
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