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Chemical composition 

� Major-ion composition 

� Examination in relation to vertical dimension and between 
aquifers 







Chemical composition


� Major-ion composition 

�	 Geochemical processes affecting ionic composition in 
study area 

� Dissolution and precipitation 

� Cation exchange: 

� Na2X + Ca2+ < -- > CaX +2Na + 

� Na2X + Mg < -- > MgX +2Na + 

� Bacterially-mediated sulfate reduction 

� Generalized: 2CH2O + SO4
2- + H+ = HS- + 2H2O + 

CO2 





Chemical composition 

� Major-ion composition 

� Areal distribution of dissolved solids in Fort Union coal 
beds 

� Dissolved solids lowest south of the Belle Fourche River 

� Increase from south to north and east to west 

� Increase in dissolved solids result of increase in sodium and 
bicarbonate content of water 





Chemical composition 

� Major-ion composition 

� Sodium-adsorption ratio (SAR) 

� General trend is same as dissolved-solids concentrations 

� SAR in Fort Union coalbed aquifers ranges from about 
6 to 60 with a median of about 9 



Chemical composition 

� Trace elements in Fort Union coalbed aquifers 
� Low to non-detectable concentrations for most trace 

elements 
� Except iron, manganese, and barium 
� Some exceedances of SMCLs – iron and 

manganese 
� Barium – relatively high compared to most ground 

waters 
� Barium probably controlled by low sulfate 

concentrations 





� Tritium 

� Radioactive isotope of hydrogen (3H) 

� Unstable (undergoes radioactive decay with a half-life of about 
12.43 years) 

� Incorporated directly into water molecule so tritium is excellent 
tracer in hydrologic studies (conservative – not affected by 
hydrologic and/or geochemical processes) 

� Produced naturally in atmosphere 

� Atmospheric testing of nuclear weapons beginning in about 1952 
greatly increased concentrations in atmosphere several orders of 
magnitude greater than natural concentrations 

Isotopic composition 



Isotopic composition 

� Summary of tritium results 
� Tritium concentrations in two springs suggest both were 

recharged after 1952 and contain modern (post-bomb) water 

� Tritium concentrations in six of eight samples collected from 
Wasatch and Tongue River aquifers suggest recharge prior to 
1952 (submodern or pre-bomb water); remaining two samples 
suggest mixture of pre- and post-bomb water 

� Tritium concentrations in all samples collected from coalbed 
aquifers (13 samples) suggest recharge prior to 1952 and all 
contain pre-bomb or submodern water 



Isotopic composition 

� Oxygen and hydrogen isotopes 
� Plot of paired oxygen-18 and hydrogen-2 values on 

global meteoric water line 
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Isotopic composition 

� Oxygen and hydrogen isotopes 
� Values plot close to the meteoric water line, suggesting 

the water is of meteoric origin 
� Water samples are intermixed on the plot and do not 

group into separate areas of the graph based on aquifer 
of origin 

� Could indicate intermixing of the waters in the aquifers 
� Could indicate that the different aquifers are subject to 

similar recharge and/or evolutional paths for the water 
so that the net difference in the oxygen-18 and 
hydrogen-2 values is minimal 



Summary 

� Different geochemical zones or 
hydrochemical facies in aquifer(s) above 
Wyodak-Anderson coal zone 

� Ionic composition in different zones probably 
reflects geochemical processes (described by 
earlier investigators) as ground water moves 
vertically and horizontally along a flowpath 

� Generally, TDS concentrations appear to 
increase to the north and northwest in the Fort 
Union coalbed aquifers 



Summary 

� Trace elements generally at low to 
nondetectable concentrations (except iron and 
manganese) 

� Tritium concentrations suggest that water in 
Fort Union coalbed aquifers and most 
overlying aquifers is prebomb (greater than 
about 50 years old) 

� Oxygen and hydrogen isotopes suggest water 
is of meteoric origin 
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