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Montana Bureau of Mines and Geology 
a department of Montana Tech 

• Established in 1919 to provide reliable and 
unbiased earth science information 

• Non regulatory, applied research 
– Geologic Mapping 
– Earthquake Studies 
– Small Miners 
– Environmental Assessment 
– Ground Water 

• Web: http://www.mbmg.mtech.edu/ 
 Montana Groundwater Assessment Program 



• Ground-Water Characterization 
– systematic data collection and interpretation. 

• Ground-Water Monitoring 
– long term records of water levels and quality.  

• Ground-Water Information Center 
– data dissemination. 

Montana Ground-Water Assessment 
Program 

“…systematically assess and monitor the state’s  

ground water and to disseminate the information…”  
85-2-902(2) MCA 
 

Montana Groundwater Assessment Program 

Presenter
Presentation Notes
Acting on their recommendations the 1991 passed the GWA which established the GWAP at the MBMG. There are 3 components to the program.

The Ground-Water Monitoring Program from which long-term records of water levels and water quality are being generated, the Ground-Water Information Center where data are stored, and the Ground-Water Characterization Program. The Lolo-Bitterroot Area is the fourth study area within the characterization program and covers Mineral, Missoula and Ravalli Counties.

The GWA steering Committee oversees implementation of the program. Made up of representatives from state, federal and local water agencies as well as water user groups.
The program is funded from some of the RIGWAT proceeds and partly from RIT interest.
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Ground-Water Characterization 
28 Areas 

Montana Groundwater Assessment Program 

in the Yellowstone Basin : 
• ~2,500 site visits 
• ~500 water quality samples 



Ground-Water Monitoring 

992 wells in the State-Wide Network 
  ~200 in the Yellowstone Basin 

Montana Groundwater Assessment Program 



Ground-Water Information Center 

Products: 
Well Logs Water Quality Hydrographs Maps & Repts Project data 

mbmggwic.mtech.edu 
Mapper ! 

Montana Groundwater Assessment Program 



Groundwater Investigation Program 
In 2009, the Montana State Legislature established GWIP within the MBMG  
to conduct detailed groundwater investigations in areas with of concern 

Montana Groundwater Assessment Program 

Clear Lake 

Buried Channels 
Sidney 

CBM 

Fox Hills 
monitoring 

Presenter
Presentation Notes
Fox Hills-Bakken Groundwater Project�
Background and Purpose Area ranchers and water users in eastern Montana are concerned about whether the Fox Hills aquifer system has the capacity to supply demands by the oil and gas industry while maintaining historical stock watering, municipal, and domestic needs. Production of large volumes of water for fracking the Bakken Formation and other hydrocarbon source rocks has been reported, and this demand for water is likely to increase. The Fox Hills aquifer system is a potential source for hydraulic fracturing water because of the potential for relatively high yields from individual wells, and the water quality is within standards required.
To understand the potential negative impacts on the existing water supplies in the Fox Hills aquifer system, documentation, mapping, monitoring and modeling of this aquifer is needed.
The initial work required is to equip key groundwater monitoring wells with water-level and temperature data loggers. 
A more extensive investigation is expected to be presented to the GWIP steering committee in the future. 

Buried River channel aquifers (Sidney) �
Background and Purpose A buried-channel aquifer from 1 to 4 miles wide and 26 to 40 miles long underlies the Yellowstone Valley through Richland County. Recharge appears to be dominated by artificial recharge associated with flood irrigation. The aquifer is a source for stock, domestic, industrial, and community supplies. There is a significant need to understand and manage this resource to protect existing supplies and surface-water resources while developing additional water for communities, agriculture, and industry. Since this aquifer is artificially recharged, changing land uses and methods of water distribution may significantly impact the aquifer and existing water resources. 
Project Scope This study will examine what area or areas may be most important for aquifer recharge, and provide recommendations for land-use or operational activities in such areas to maintain or maximize recharge. 

Project Scope
This GWIP study examines the contribution from coal aquifers to streams in the Powder River Basin, including the Tongue River and Hanging Woman Creek, through the following tasks:
Determine the location of major coal outcrops 
Monitor the water-level elevation for coal and alluvial aquifers, as compared to the elevation of the streambed, using wells near the coal outcrop 
Measure stream gain or loss across the coal outcrop
Geochemically characterize the coal aquifers and look for chemical signatures from the coal in the streams 
Using geochemical mixing equations, compare calculated contributions to the stream from the coal aquifers to the measured gain in flow rate across the coal aquifer





Groundwater and Wells in the 
Yellowstone Basin 

Fort Union Formation – 
eastern  Montana 

Montana Groundwater Assessment Program 

Alluvial terrace– Red Lodge   

Presenter
Presentation Notes
Eastern Montana aquifers are sand and gravel deposits along rivers and streams as well as permeable relatively flat-lying regional geologic units.



Yellowstone Basin: Geology 
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Presentation Notes
Eastern Montana alluvial aquifers line major river valleys such as the Missouri and the Yellowstone. North of the Missouri River sheets of gravel representing ancient river bottoms are sometimes extensive enough to support irrigation.



Yellowstone Basin: Aquifers 
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Presentation Notes
Eastern Montana alluvial aquifers line major river valleys such as the Missouri and the Yellowstone. North of the Missouri River sheets of gravel representing ancient river bottoms are sometimes extensive enough to support irrigation.



Alluvial aquifers 

Montana Groundwater Assessment Program 

Alluvium 

Ft. Union 
Hell Creek 

Fox Hills 

Pierre 

Judith River 
Clagget 
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• Sand and gravel along 
major valleys – high level 
benches. 

• Thickness: 50 to ~150 ft. 
• Yield: 1-50; Avg. 35 gpm. 
• TDS: 500 to ~5,000 mg/L 
• Stock,  domestic and 

some irrigation.  

Presenter
Presentation Notes
Eastern Montana alluvial aquifers line major river valleys such as the Missouri and the Yellowstone. North of the Missouri River sheets of gravel representing ancient river bottoms are sometimes extensive enough to support irrigation.



Fort Union Formation 
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• Interbedded sandstone 
and coal. 

• Thickness: 50 to ~1,400 ft. 
• Yield: Avg. 9-10 gpm. 
• TDS: 500 to ~5,000 mg/L 
• Stock and domestic. 
• CBM production in south. 

Presenter
Presentation Notes
The Fort Union formation (orange) covers a large part of eastern Montana. It is a stacked sequence of interbedded sandstone and coal. Land owners are often able to locate small supplies of water almost anywhere they drill. Wells are distributed more or less evenly across the Fort Union Formation landscape.



Fox Hills – Hell Creek 
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• Regionally consistent 
permeable sandstone. 

• Thickness: 50 to ~450 ft. 
Up to 2,000 ft below LS 

• Yield: 1 to 400; Avg. 12 
gpm. Artesian 

• TDS: 600 to ~3,500 mg/L 
• Stock,  domestic 



Judith River Formation 
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Alluvium 
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• Interbedded sandstone and 
shale. 

• Thickness: 50 to ~350 ft.   
• Yield: 1 to 50; Avg. 5-6 gpm. 
• TDS: 1,500 to ~10,000 mg/L 
• Stock,  domestic 

Presenter
Presentation Notes
The Judith River Formation (dark green) is most highly used in North Central Montana. It provides water from interbedded sandstones near its top and middle, and from a regional sandstone at its base. The Judith River Formation thins and becomes shaley to the east.



Eagle Sandstone 

Montana Groundwater Assessment Program 
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• Interbedded sandstone and 
shale. 

• Highly used NC MT 
• Thickness: 50 to ~300 ft.   
• Yield: 1 to 150; Avg. 5-6 gpm. 
• TDS: 900 to ~10,000 mg/L 
• Stock,  domestic 

Presenter
Presentation Notes
The Eagle –Virgelle is most used as an aquifer in parts of North Central Montana and near Billings. The Virgelle Sandstone is the basal member and is commonly used as an aquifer on the east and west sides of the Sweet Grass Arch.

The un-colored areas of this map are mostly shale formations at or near the land surface. The shale is generally not an aquifer. Note where the shale areas are (SE corner of Montana, NC in Blaine, Phillips, and Valley Counties, etc.) and compare these areas to the distribution of wells on the next slide.



Wells – Yellowstone Basin 
~48,000 

Montana Groundwater Assessment Program 

• ~ 90% of the wells for stock or domestic use 
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Water Use – Yellowstone Basin 
Groundwater 

Montana Groundwater Assessment Program 

(26,000 ac-ft/yr) 

• Total GW withdrawals ~ 45,000 ac-ft/yr 
• Stock and domestic wells account for 22% 



Water Use – Yellowstone Basin 
Groundwater and Surface Water 

Montana Groundwater Assessment Program 

(3.4M ac-ft/yr) 

• Total SW withdrawals ~ 3.4M ac-ft/yr 
• Irrigation withdrawals account for 99% 



Yellowstone: Groundwater-Surface Water 
Incidental Recharge 

• Recharge that occurs related to human use 
• Unintended consequence of the use 
• Unmanaged 
• Prevalent in MT alluvial valleys 

– Irrigated areas 
• Volumetrically Significant 

– Measurable impacts 

Irrigated lands  
~525,000 acres 

Montana Groundwater Assessment Program 



Yellowstone: Groundwater-Surface Water 
Incidental Recharge 

Irrigated lands  
~525,000 acres 

Irrigation canals 
~2000 miles 

• Divert ~ 3.4 M acre-ft/yr  
– 99% surface water 

• Through 2,000 miles of canals 
• To irrigate 525,000 acres 

Almost 6.5 ft of water per acre 

Montana Groundwater Assessment Program 



Yellowstone: Groundwater-Surface Water 
Incidental Recharge 

Montana Groundwater Assessment Program 

Yellowstone: Huntley 

Clarks Fork- Yellowstone 

Yellowstone: Sidney 

Rock Ck: Red Lodge 

Yellowstone: Paradise Val. 

Sate-wide obs wells 



Yellowstone: Groundwater-Surface Water 
Incidental Recharge 

Montana Groundwater Assessment Program 

Clarks Fork- Yellowstone 

Sate-wide obs wells 
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Montana Groundwater Assessment Program 

“The imperative need in groundwater 
development is to know what we are doing” 

 
• Significance of incidental recharge 

– sustains aquifers, wetlands, riparian areas, alters flows 
• Factor into conceptual model GW/SW interaction 

– Concern focused on pumping 
– Need to recognize land use controls recharge  

• Water policy, growth, land-use, climate changes 
– Mitigate  -  Water transfers or water banking 
– Conversion of irrigated land 
– Snow to rain shift 

• Unintended consequences ? 

Harold E. Thomas, 1951 



Fox Hills - Hell Creek Aquifer Study 

• 2011 – increased monitoring - GWIP. 
• 2012 a joint project INL – MBMG project 
• Data loggers in recharge and discharge areas 
• Assess long-term trends 

Montana Groundwater Assessment Program 

Producing Oil and Gas wells 



Fox Hills - Hell Creek Aquifer Study 

• Currently monitoring 40 wells in FHHC around 
the state – 20 in Yellowstone Basin 

Montana Groundwater Assessment Program 

FHHC water wells 

FHHC obs wells 



Fox Hills - Hell Creek Aquifer Study 

• Some recovery… but 
• Most long-term observations show downward trend  

Montana Groundwater Assessment Program 

South Pine oil field  

Terry 



Fox Hills - Hell Creek Aquifer Study 

• In Sidney area rate of decline more than 2 ft /yr 
• More than 50 ft since 1990’s 
• Some more than 100 ft since 1970’s 

• Wells no longer flow 
Montana Groundwater Assessment Program 



Montana Groundwater Assessment Program 

Sidney  
Buried Channels 

Presenter
Presentation Notes
Location of Buried channel aquifers in the Sidney area-Sidney aquifer underlies Crane Creek Terrace located on the western part of Sidney, Sidney municipal well field and several other high yield wells joins Lower Yellowstone aquifer underlying lower terraces north of town. Lower Yellowstone aquifer-underlies river floodplain and lower terraces several high yield wells near Sidney lagoons and supplies water depots north of town.  West Crane aquifer underlies higher Quaternary terraces and terrace slopes and extends from Fox Creek in the north to Burns Creek- 1.5 to 2 miles wide 120-250 feet deep– currently 3 high yield aquifers K=400-500 ft/day.



Montana Groundwater Assessment Program 

Sidney  
Buried Channels 

Presenter
Presentation Notes
Estimated production from properly completed wells in the buried channel aquifers.




Ground-Water Information Center: 
http://mbmggwic.mtech.edu/ 
 
Montana Bureau of Mines and Geology: 
http://www.mbmg.mtech.edu/ 
 

Contact Information: 

John LaFave 
496-4306 

jlafave@mtech.edu 

Montana Groundwater Assessment Program 
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