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Background Information/Context 
 Oil	
  wells	
  generate	
  oil,	
  natural	
  gas,	
  and	
  produc4on	
  water	
  

 Produc4on	
  water	
  is	
  a	
  byproduct;	
  not	
  useful	
  
 Typically	
  have	
  very	
  high	
  TDS	
  and	
  can	
  contain	
  harmful	
  levels	
  of	
  heavy	
  metals	
  
  TDS<30,000	
  

 Wells	
  can	
  have	
  significant	
  output	
  of	
  these	
  brines	
  

 There	
  is	
  a	
  large	
  poten4al	
  for	
  spills	
  
  Pipeline	
  leaks,	
  injec4on	
  well,	
  illegal	
  dumping	
  

 24	
  reported	
  produc4on	
  water	
  spills	
  of	
  >100	
  barrels	
  in	
  last	
  12	
  months	
  in	
  ND	
  
  Largest	
  was	
  24,000	
  barrels	
  	
  
  None	
  were	
  contained	
  



Interest in Modeling 
 Worked	
  on	
  several	
  cleanups	
  this	
  past	
  summer	
  	
  

 Interested	
  in	
  modeling	
  the	
  interac4on	
  of	
  brines	
  with	
  groundwater	
  

 Modeling	
  transport	
  through	
  a	
  water	
  column	
  	
  

 Interested	
  in	
  an	
  enhanced	
  understanding	
  as	
  to	
  poten4al	
  impact	
  



Data and Original Study 
 Data	
  for	
  Brine	
  came	
  form	
  Marcellus	
  Shale	
  in	
  Pennsylvania	
  	
  
  Study	
  was	
  on	
  fracking	
  by-­‐products	
  

 Very	
  liWle	
  research	
  done	
  on	
  the	
  Bakken	
  

 Not	
  very	
  much	
  modeling	
  done	
  on	
  interac4on	
  of	
  brines	
  with	
  the	
  ground	
  

 Modeled	
  my	
  	
  groundwater	
  aXer	
  possible	
  earth	
  cons4tuents	
  in	
  Western	
  North	
  Dakota	
  





Assumptions for Modeling  
 No	
  interac4on	
  with	
  organic	
  material	
  ie.	
  topsoil,	
  vegeta4on	
  

 Composi4on	
  of	
  earth	
  
  K-­‐feldspar,	
  Quartz,	
  Kaolinite	
  

 Homogeneous	
  composi4on	
  throughout	
  region	
  of	
  transport	
  

 Chemistry	
  of	
  groundwater	
  is	
  the	
  sole	
  result	
  of	
  pure	
  water	
  interac4ng	
  with	
  K-­‐feldspar,	
  Quartz,	
  Kaolinite	
  

 Groundwater	
  is	
  in	
  contact	
  with	
  atmosphere	
  

 Assump4on	
  of	
  inputs	
  for	
  transport	
  modeling	
  

 Time	
  interval,	
  dipsersivi4es,	
  distance,	
  number	
  of	
  cells,	
  number	
  of	
  shiXs	
  



Initial 
conditions for 
Groundwater  
•  The	
  Equilibrium	
  Phases	
  func4on	
  

was	
  used	
  to	
  simulate	
  groundwater	
  
interac4on	
  

•  Set	
  pure	
  water	
  in	
  equilibrium	
  with	
  
K-­‐feldspar,	
  Quartz,	
  and	
  Kaolinite,	
  
CO2	
  and	
  02	
  



Transport Modeling 
Explana4on	
  of	
  Inputs	
  	
  

 Cells:	
  
  Number	
  of	
  individual	
  spaces	
  fluid	
  will	
  be	
  
transferred	
  to	
  

 Length	
  
  4	
  meters	
  per	
  cell	
  	
  

 ShiXs	
  
  Number	
  of	
  4mes	
  solu4on	
  0	
  passes	
  through	
  the	
  cells	
  

 Time-­‐Step	
  
  Time	
  for	
  solu4on	
  to	
  react	
  in	
  each	
  cell	
  
  Overal	
  4me	
  of	
  transport	
  is	
  shiXs*4me-­‐step	
  

 Dispersivi4es	
  
  Varia4on	
  between	
  cells	
  



Transport Modeling Continued  
 Transport	
  modeling	
  assumes	
  a	
  column	
  with	
  a	
  variable	
  number	
  of	
  cells	
  
  Cell	
  size	
  and	
  amount	
  of	
  4me	
  in	
  each	
  cell	
  is	
  variable	
  

 The	
  model	
  is	
  run	
  by	
  shiXing	
  solu4on	
  one	
  into	
  the	
  first	
  cell	
  and	
  reac4ng	
  it	
  

 The	
  same	
  is	
  done	
  for	
  all	
  the	
  other	
  cells	
  in	
  the	
  column	
  

 This	
  is	
  carried	
  on	
  con4nuously	
  for	
  a	
  set	
  number	
  of	
  shiXs	
  which	
  is	
  variable	
  

 The	
  inputs	
  were	
  chosen	
  to	
  achieve	
  the	
  most	
  meaningful	
  results	
  possible	
  	
  
  Through	
  reading	
  and	
  trial	
  and	
  error	
  



Brine Analysis 



Results 

Original	
  groundwater	
   Groundwater	
  	
  aXer	
  20	
  ShiXs	
  

  Only	
  major	
  changes	
  are	
  those	
  related	
  to	
  dilu4on	
  of	
  the	
  solu4on	
  



Results  
 AXer	
  20	
  ShiXs	
  

 Highlighted	
  are	
  the	
  super-­‐saturated	
  minerals	
  

 Primarily	
  minerals	
  with	
  carbonate	
  ions	
  or	
  
manganese	
  ions	
  

 Chance	
  for	
  several	
  ions	
  to	
  precipitate	
  out	
  	
  
  Ca,	
  Mn,	
  Ca,	
  CO3	
  



  Pore	
  volumes	
  defini4on:	
  
  PV	
  =	
  (number	
  of	
  shiXs	
  +	
  0.5)	
  /	
  (number	
  of	
  cells)	
  

  Essen4ally	
  this	
  is	
  a	
  graph	
  of	
  concentra4on	
  at	
  the	
  boWom	
  of	
  the	
  column	
  as	
  fluid	
  is	
  shiXed	
  through	
  it	
  

  Can	
  see	
  the	
  compara4vely	
  rapid	
  increase	
  in	
  concentra4on	
  of	
  Cl	
  and	
  Na	
  compared	
  with	
  K	
  and	
  Ca	
  



Results  
 Element	
  concentra4ons	
  in	
  original	
  produc4on	
  water	
  sample	
  and	
  groundwater	
  aXer	
  20	
  shiXs	
  
(approximately	
  1	
  pore	
  volume)	
  

 	
  There	
  is	
  a	
  decrease	
  of	
  approximately	
  40	
  percent	
  	
  	
  
  S4ll	
  significant	
  concentra4ons	
  though	
  

 Would	
  require	
  significant	
  dilu4on	
  to	
  return	
  water	
  to	
  normal	
  levels	
  



Possible Future Research  
 With	
  a	
  greater	
  understanding	
  of	
  phreeqc	
  	
  
 Modeling	
  of	
  produc4on	
  water	
  contamina4ng	
  streams	
  
  Larger	
  scale	
  modeling	
  of	
  contamina4on	
  from	
  injec4on	
  well	
  
  BeWer	
  modeling	
  of	
  distance	
  of	
  impact	
  per	
  volume	
  
  3D	
  modeling	
  

 Analysis	
  of	
  produc4on	
  water	
  for	
  poten4ally	
  harmful	
  heavy	
  metals	
  

 More	
  data	
  on	
  produc4on	
  water	
  from	
  other	
  oil	
  fields	
  	
  
  Other	
  fields	
  might	
  contain	
  dras4cally	
  different	
  chemical	
  cons4tuents	
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