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West Bench



1980 – 84 wells 1980 – 2005 12 wells/yr 2005 - 2012 19 wells/yr 

Source: Reiten, 2020
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Source: Reiten, 2020



West to East Cross Section Near Red Lodge

Source: Reiten, 2020

Sedimentary Bedrock (Low Permeability)

Sand-Gravel-Cobbles (High Permeability)



West Bench Aquifer



West Bench Aquifer



“Green Line” showing Groundwater Discharge 
from West Bench Aquifer near the Airport



Source: Reiten, 2020



Roberts

Red Lodge

South to North Cross Section Red Lodge to Roberts

Source: Reiten, 2020



Natural Surface Hydrology

Source: Reiten, 2020



~ 4 miles of Willow Creek



Man-made Surface Water

Source: Reiten, 2020



>40 miles of Irrigation Canals on West Bench



~ 19 Feet of
Water Level
Fluctuation

Source: Waren (2000)

Sub-Surface Hydrology



Where is the Water Going?

Source: Waren (2000)



~ 19 Feet of
Water Level
Fluctuation

Where is the Water Coming From?

Source: Waren (2000)



Why is the Water Level Stable?

Source: Waren (2000)



Groundwater Budget $$

• Groundwater Discharge (Expenses)
– Uptake by plants
– Spring Discharge
– Discharge into streams
– Pumpage from wells

• Groundwater Recharge (Income)
– Direct Precipitation (Rain Snowmelt)
– Seepage from Perennial Streams (Willow Creek) and Ponds
– Irrigation Return Flow
– Seepage from Irrigation Canals
– Seepage from Septic Drain Fields

• Aquifer Storage (Account Balance)
– Increases if recharge (income) exceeds discharge (expenses)
– Decreases if discharge exceeds recharge
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When the Ditches are Running
(April to October)



When the Ditches Stop Running
(November to mid-April)



Source: Reiten, 2020

Effects of Land Use Changes



Source: Reiten, 2020







Hydrograph of Well Near 
Double Ditch Dog Park 2009-2019



Hydrograph of Well Near 
Double Ditch Dog Park 2009-2019





Most Significant Land Use Change on 
the West Bench in Human History?



Introduction of Irrigation at the Turn of 
the Last Century



What did the West Bench Look Like in 1850?

Photo Credit: Jeff DiBenedetto

Dry Gravel

Sedimentary Bedrock

Saturated Gravel

JA1



Slide 35

JA1 Joel Adams, 12/8/2021



After Irrigation 

Dry Gravel

Sedimentary Bedrock

Saturated Gravel

Sedimentary Bedrock

Saturated Gravel



Waren 2000, MT DNRC



Carstarphen et al 2014, MBMG



Reiten 2020, MBMG



What Could Affect Irrigation Canals?

• Climate Change - Extended Drought
– Junior water rights were shut off last summer

• Residential Development Pushing out Ag

• Sale of Water Rights for Other Uses

• Ditch Improvements/Lining

• Changes in Points of Diversion



What can be done to secure water for 
the future?

• Secure/Acquire Water Rights for 
Groundwater Recharge

• Keep Agriculture Viable

• Continue Monitoring

• Other Thoughts?


