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»  To	
  determine	
  how	
  the	
  proposed	
  South	
  Heart	
  
Lignite	
  Mine	
  (SHLM)	
  will	
  impact	
  the	
  Tongue	
  
River	
  Aquifer	
  using	
  PHREEQC	
  

mit.edu	
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Proposed	
  
mining	
  area	
  
and	
  rela)ve	
  
loca)on	
  in	
  ND	
  



» Unconfined	
  aquifer	
  
» Recharged	
  directly	
  by	
  precipita)on	
  
» High	
  head	
  
» Very	
  low	
  hydraulic	
  conduc)vity	
  

Sen)nel	
  BuQe	
  

Tongue	
  River	
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SHLM	
  area	
  cross-­‐sec)on	
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» Mineralogy	
  
˃  Quartz	
  
˃  K-­‐Feldspar	
  
˃  Calcite	
  
˃  Dolomite	
  
˃  Kaolinite	
  
˃  Illite	
  
˃  Gypsum	
  
˃  Apa)te	
  

» Percent	
  composi)on	
  varied	
  with	
  depth	
  



»  Used	
  borehole	
  records	
  and	
  well	
  logs	
  from	
  inside	
  the	
  
mine	
  permit	
  area	
  

»  SPLP	
  data	
  used	
  as	
  ini)al	
  solu)on	
  

»  Assumed	
  solid/solu)on	
  equilibrium	
  

»  Part	
  oxida)on,	
  part	
  reduc)on	
  in	
  soil	
  profile	
  

»  U)lized	
  equilibrium,	
  ion	
  exchange,	
  surface	
  tools	
  and	
  
mixing	
  to	
  complete	
  modeling	
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Sen)nel	
  BuQe	
  

Tongue	
  River	
  

1.	
  SPLP	
   2.	
  Oxida)on	
   3.	
  Reduc)on	
  

4.	
  Mixing	
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Aaer	
  Oxida)on	
  

Aaer	
  Reduc)on	
  

Aaer	
  Mixing	
  



EPA	
  Primary	
  Drinking	
  Water	
  Regula4ons	
  
Before	
  Mine	
  Drainage	
   MCL	
  (mg/L)	
   Aaer	
  Mine	
  Drainage	
  

As	
   0.025	
   0.01	
   0.030	
  
Ba	
   0.041	
   2	
   0.156	
  
Cd	
   0	
   0.005	
   0.000	
  
Cr	
   0.001	
   0.1	
   0.000	
  
Cu	
   0.009	
   1.3	
   0.009	
  
F	
   0.256	
   4	
   0.345	
  
Pb	
   0	
   0.015	
   0.001	
  
Hg	
   0	
   0.002	
   0.000	
  
Se	
   0.001	
   0.05	
   0.005	
  
U	
   0.001	
   0.03	
   0.001	
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EPA	
  Secondary	
  Drinking	
  Water	
  Standards	
  
Before	
  Mine	
  Drainage	
   MCL	
  (mg/L)	
   Aaer	
  Mine	
  Drainage	
  

Al	
   0.075	
   0.05	
  -­‐	
  0.2	
   0.602	
  
Cl	
   5.444	
   250	
   3.428	
  
Cu	
   0.009	
   1	
   0.009	
  
F	
   0.256	
   2	
   0.345	
  
Fe	
   15.633	
   0.3	
   17.402	
  
Mn	
   0.327	
   0.05	
   0.000	
  
pH	
   7.068	
   6.5	
  -­‐	
  8.5	
   10.734	
  
Sulfate	
   1087.094	
   250	
   1769.280	
  
Zn	
   0.004	
   5	
   0.051	
  



» Nearly	
  all	
  species	
  were	
  undersaturated	
  
˃  Cu	
  metals	
  and	
  Fe	
  oxides	
  supersaturated	
  

» pH	
  does	
  not	
  fit	
  typical	
  lignite	
  mines	
  

» Metals	
  concentra)ons	
  fairly	
  low	
  

» Overall,	
  nega)ve	
  impact	
  on	
  groundwater	
  
quality	
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»  Implement	
  advec)on	
  and	
  transport	
  modeling	
  

» Model	
  calibra)on	
  

» Verifica)on	
  of	
  waste	
  rock	
  composi)on	
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