
Mr  Darcy  was  good  enough  for  
me  -‐  pragma5sm  and  predic5on  

in  groundwater  science
Alan	  Herbert	  	  

University	  of	  Birmingham	  



What  are  models  for?

• Understanding	  the	  world	  
•  Ensuring	  consistency	  
• Making	  decisions	  
•  Jus>fying	  decisions	  
•  Saving	  money	  



Why  do  we  want  to  be  simple



Mr  Darcy



Mr  Henry  Darcy!

Hydrogeology	  Journal	  (2008)	  16:	  1023–1038	  

𝑞=−𝐾.𝛻ℎ	  



Different  types  of  sand

Quarterly Journal of Engineering Geology and Hydrogeology, 38, 143–154 

FLUID FLOW AND SOLUTE MOVEMENT IN SANDSTONES: The Onshore UK Permo-Triassic Red Bed 
Sequence - Special Publication no 263 

S. Strand, M. L. Hjuler, R. Torsvik, J. I. Pedersen, M. V. Madland, and T. Austad. Wettability of chalk: 
impact of silica, clay content and mechanical propertiesPetroleum Geoscience, , v. 13, p. 69-80	   



Measuring  hydraulic  conduc5vity
• Pump	  water	  from	  a	  borehole	  

• …use	  the	  results	  to	  predict	  the	  consequence	  of	  
pumping	  water	  from	  a	  borehole	  



Calibrated  regional  models  predict  aquifer  
performance



At  a  big  enough  scale  –    
a  Representa5ve  Elementary  Volume



Purposes  and  scales  of  model

• Model	  at	  scales	  above	  REV	  
• Calibrate	  heterogeneous	  proper>es	  
• Match	  hydrographs	  over	  wet	  and	  drought	  
years	  

Use	  to	  predict	  future	  groundwater	  
condi>ons	  for:	  
• Groundwater	  resource	  management	  
•  Source	  protec>on	  
• Risk	  assessment	  



Some  complexity



Uncertainty  and  Calibra5on

• Don’t	  actually	  use	  pump	  test	  results	  –	  use	  as	  a	  guide	  for	  calibra>on	  
•  Each	  p	  test	  matches	  but	  interpreta>on	  affected	  by	  local	  proper>es	  
• Match	  head	  measurements	  to	  within	  uncertainty	  
• All	  parameters	  uncertain	  within	  plausible	  ranges	  
• Mul>ple	  solu>ons	  give	  acceptable	  matches	  –	  non-‐unique	  solu>on	  

• Non-‐uniqueness	  and	  uncertainty	  in	  outcome	  given	  uncertain	  input	  



…more  detail
• Oil	  reservoir	  history	  matching	  

Recent	  progress	  on	  reservoir	  history	  matching:	  a	  review	  
Dean	  S.	  Oliver·∙	  Yan	  Chen,	  Comput	  Geosci	  (2011)	  15:185–221	  

	  



…even  more  detail  



Nuclear  waste  disposal  modelling  
requirements
•  Need	  simple	  models	  of	  bulk	  behaviour	  to	  predict	  future	  performance	  

	  

•  Need	  detailed	  models	  of	  observa>ons	  to	  show	  understanding	  that	  the	  
simple	  models	  are	  accurate!	  

•  Need	  to	  quan>fy	  uncertainty	  



Sources  of  predic5on  error

• Uncertain	  parameter	  values	  
• Uncertain	  groundwater	  processes	  
• Conceptual	  uncertainty	  



Conceptual  model  and  Numerical  model





Iterate  and  Validate  



Models  are  tools

•  The	  model	  will	  not	  be	  a	  complete	  descrip>on	  of	  the	  real	  complex	  
system	  

•  It	  will	  make	  the	  best	  predic>on	  we	  can	  of	  the	  future	  performance	  of	  
the	  system	  and	  associated	  uncertainty	  

•  It	  will	  be	  reproducible	  
•  It	  will	  not	  give	  the	  answer!	  
•  It	  will	  support	  decision	  makers	  



Hydrogeology  is  not  a  real  science!

• Mostly	  I’m	  not	  trying	  to	  understand	  everything	  –	  I’m	  trying	  to	  help	  
make	  a	  decision	  




