


Objectives 
• Inventory of aquifers, groundwater levels, and their 

properties 

• Groundwater/surface water interaction 

• Past, current, and future groundwater research 



Note: Not to Scale 

Location of aquifers  
shown in shaded 
boxes 

Productive 
Aquifers 



• Western Montana : Basin-Fill aquifers 

• Eastern Montana: Bedrock aquifers 

• 36,300 wells out of 232,000 total wells 



Where do people get water in Lo-Mo’s 
15 Counties? 

 From USGS-Montana (2000 & 2005) in acre-feet 

• Total population:   75,055 

• PWS from groundwater  31,070 

• Individual wells:    24,305 

• PWS from surface water  19,680 

• Irrigation (Groundwater)  29,931 

• Stock (Groundwater)      4,195  
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Groundwater/Surface Water 
Connections and Recharge 

From USGS circular 1139: http://pubs.usgs.gov/circ/1998/1139/report.pdf  

http://www.intechopen.com/source/html/41955/media/image1.jpg
http://pubs.usgs.gov/circ/1998/1139/report.pdf
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Induced streambed infiltration is created when pumping draws water
directly out of stream, representing increased recharge to aquifer.

If induced infiltration cannot keep pace with well discharge, cone of
depression may spread along streambed or beyond streambed until
infiltration balances well discharge.

Induced streambed infiltration increases until it approaches maximum
rate.  At this point, further lowering of water table by pumping will not
increase infiltration of streamflow.

Excessive surface water diversions may also diminish streamflow
seepage to aquifer, thus impacting groundwater appropriations.
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Ground water intercepted by well would have eventually
discharged to stream; results in streamflow diminishment.

alluvial aquifer

well

pre-pumping water table

unsaturated zone

alluvial aquifer

water table

water table slopes
toward stream

Pumping depresses water table between well and
stream and decreases hydraulic gradient which
reduces ground-water discharge to stream.

Quantity of ground water discharging
to stream is governed by Darcy's Law.

1) Gaining Stream - pre-stream capture 

2) Losing Stream - induced infiltration 



Transition from gaining to losing stream 

From: http://www.mbmg.mtech.edu/gwip/gwip_pdf/hb831book_appendix.pdf  

http://www.mbmg.mtech.edu/gwip/gwip_pdf/hb831book_appendix.pdf


Groundwater Recharge 

• Estimates of recharge are based on base-flow 
indices (BFI) 

• BFI = Surface water baseflow / average flow 
from USGS gages. 

• BFIs estimated/extrapolated from nearby 
sites- approximately a 1/3 of the sites 

• Numerous Assumptions 



 



Groundwater Research 

• USGS Research from ~1924 to Present  
– http://pubs.er.usgs.gov/  

 

• MBMG Research from ~1930 to Present 
– http://www.mbmg.mtech.edu/mbmgcat/catMain.asp  

 

 

http://mbmggwic.mtech.edu/logsrv/2009_11/136680.jpg
http://pubs.er.usgs.gov/
http://pubs.er.usgs.gov/
http://www.mbmg.mtech.edu/mbmgcat/catMain.asp


Flood to Center Pivot Conversion 
(Miller et al., 2002, Teton County) 

Irrigation method Recharge (ft) to 
shallow aquifer 

Recharge 
volume (AF) 

Metabolite flux 
(grams) 

Flood (38 acres) 1.0 38.0 22 

Wheel line (110 acres) 0.3 31.5 61 

Center Pivot (140 acres) 0.1 13.2 0 

 

 

Project Link: http://www.mbmg.mtech.edu/pdf-open-files/mbmg463.pdf  

 

 

 

 
 

Controls on Recharge 

• Site specific (clay lenses) 

• Hydraulic flux  

• Groundwater gradients 
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Fox Hills Hell Creek aquifer north of 
Terry, Montana 



Culbertson 

Sidney 

From: Fischer (2013)   

 

Future Fox 
Hills-Hell 
Creek 
Aquifer 
Simulation 
 



Groundwater Monitoring 

• Both USGS (~14 wells) and MBMG (~216 
wells) maintain a Monitoring Network. 

Project Link: http://mbmggwic.mtech.edu/  
 

http://mbmggwic.mtech.edu/




Project Link: http://www.mbmg.mtech.edu/gwip/project-foxHills-Bakken.asp  

http://www.mbmg.mtech.edu/gwip/project-foxHills-Bakken.asp
http://www.mbmg.mtech.edu/gwip/project-foxHills-Bakken.asp
http://www.mbmg.mtech.edu/gwip/project-foxHills-Bakken.asp
http://www.mbmg.mtech.edu/gwip/project-foxHills-Bakken.asp
http://www.mbmg.mtech.edu/gwip/project-foxHills-Bakken.asp








Project Link: http://www.mbmg.mtech.edu/gwip/project-clearLake.asp  

http://www.mbmg.mtech.edu/gwip/project-clearLake.asp
http://www.mbmg.mtech.edu/gwip/project-clearLake.asp
http://www.mbmg.mtech.edu/gwip/project-clearLake.asp


Sweet Grass Hills 

Milk River Transboundary Aquifer Project 

Project Contact: Marie-Amélie Pétré (marie-amelie.petre@ete.inrs.ca)  



Questions/Comments/Discussion? 
Useful Groundwater Online Resources 

• DNRC Water Right Database 

– http://nris.mt.gov/dnrc/waterrights/default.aspx  

 

• MBMG Groundwater Investigation Program 

– http://mbmggwic.mtech.edu/  

 

• DEQ Source Water Protection (Water Quality) 

– http://nris.mt.gov/wis/swap/SwapQuery.asp 

 

•  Frac Focus (Chemical Disclosure Registry) 

– http://fracfocus.org/  
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