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 Provide a detailed understanding 
of the interconnection between 
aquifers and between surface-
waters and groundwater

Study Area

Model Purpose

Ground Water Investigation Program

Echo Lake

Creston

Kalispell

Columbia
Falls



Water Rights and Wells in the Deep 
Aquifer of the Flathead Valley

Model Purpose

Ground Water Investigation Program

Rose and others, 2022



A calibrated groundwater model is supported by 3 elements

Outline

Ground Water Investigation Program

Groundwater Model
 3D geologic model of hydrogeologic 

units
 Aquifer Properties

 Dynamic Groundwater Budget
 Monitoring - Dynamic Observations

 Groundwater Elevations
 Stream Gains/Losses
 Etc.

model



Conceptual diagram of flow systems in the Flathead 
Valley (reproduced from LaFave and others, 2004)

General Hydrostratigraphy

Ground Water Investigation Program

 Shallow Aquifer
 Young
 Connected to Surface Waters
 Fluvial and Eolian

 Deep Aquifer
 Glacial Outwash
 Sand, Gravel, and Silt
 May be highly productive (>1,000 gpm), 

but heterogeneous
 Confining Layer

 Present in much of the area
 May be thin or have “windows”
 May include Intermediate Aquifers
 Glacial and Lacustrine Deposits



• Previous Hydrogeologic Work
• Cross-Section - Uthman et al., 2000 
• Entire Flathead Valley

• LaFave et al., 2004
• Rose, 2018
• Weight, 2019, 8 layer numerical flow model
• DNRC, unpublished – 4 layer model based 

on Weight model

Refining the Geologic Model

Ground Water Investigation Program

Red Lodge AWRA, 2019



• 446 Well Logs
• RockWorks

Example of Rockworks Cross Section

Refining the Geologic Model

Ground Water Investigation Program

Lithologic Log



• 9 Heterogeneous 
Hydrogeologic Units 
(HGUs)
• Bedrock
• Deep Aquifer
• Mountain Front Deposits
• Basal Till Aquitard
• Ablation Till
• Intermediate Aquifer
• Lacustrine Aquitard
• Sandy Lacustrine Sediments
• Shallow Aquifer

Schematic Cross Sections and Model Layers

Refining the Geologic Model

Ground Water Investigation Program

• Import to Groundwater Vistas
• 4 Layer MODFLOW Model



Schematic of Groundwater Budget Elements
(Berglund and others, 2024)

Groundwater Budget

Ground Water Investigation Program

PCP = Precipitation
AET = Actual Evapotranspiration
RO = Runoff
RCH = Groundwater Recharge
MFRs = Surficial Mountain Front Recharge
MBR = Mountain Block Recharge



Schematic of Groundwater Budget Elements
(Berglund and others, 2024)

Groundwater Budget

Ground Water Investigation Program

LI = Lake Infiltration
AR = Areal Recharge
GWin = Groundwater Inflow (Deep Aq, from Swan)
LE = Lake Evaporation
IR = Irrigation Recharge
WEL = Well Pumping
SR = Septic Returns
SWout-s = Outflow to Streams
ETr = Riparian Evapotranspiration
SWout-FHR = Outflow to Flathead River
GWout = Groundwater Outflow from the Study Area

Residual Outflow



Relative Groundwater Budget (Berglund and others, 2024)
Total Annual In/Out ~60,000 ac-ft/yr

Groundwater Budget

Ground Water Investigation Program



Groundwater Monitoring (144 wells)

Monitoring

Ground Water Investigation Program

Surface-Water Monitoring (24 sites)

Columbia
Falls

Columbia
Falls



Average
Potentiometric
Surface

Deep 
Aquifer

Distribution of Hydrograph Types

Groundwater Monitoring

Ground Water Investigation Program



105 wells
RMSE = 8.16 ft (4.7% of range)

Potentiometric Surface of Layer 4, with head residuals 
(deep aquifer; Berglund and others, 2024)

Steady-State Calibration
(January, 2020)

Ground Water Investigation Program



Steady-State Calibration
Confining-Layer Continuity

Ground Water Investigation Program

K Values (ft/d)
<5 5-10 10-50 50-100

Bedrock (no-flow)

Layer 2 Layer 3



Transient calibration (2017-2021)
Extend calibrated transient model to run for 20 yr (2017-2036)
Run 2017-2021 at baseline values, then add new stress
1. Double Residential Pumping
 Double rates for domestic and PWS wells, and double septic returns
 Same locations and layers as existing

2. Double Irrigation Pumping
 Double rates for irrigation wells
 Same locations and layers as existing

3. 1-year Drought
 Reduce MFR and AR by 25% for 1 yr

4. 5-year Drought
 Reduce MFR and AR by 25% for 5 yr

Scenarios

Ground Water Investigation Program



Simulated changes in flow to 
the Flathead River and 
Groundwater Discharge in 
August due to the scenarios

Scenario Results

Ground Water Investigation Program

#1: Double Residential Pumping
#2: Double Irrigation Pumping

#3: 1 year Drought
#4: 5 year Drought



Conclusions

Ground Water Investigation Program

• Shallow Aquifers and Surface Waters are Interconnected
• Well documented (Konizeski and others, 1968; Noble and Stanford, 1986; Smith, 2004; LaFave and 

others, 2004; Rose, 2018; Rose and others, 2022)

• Pumping from either the shallow or deep aquifers is likely to eventually result in 
surface-water depletion
• The timing and location of that depletion will depend on the specific locations and operations

• The Shallow Aquifers and the Deep Aquifer are Interconnected in some areas
• Well Log Analysis, Drilling, Rotosonic, tracers... (my talk last year)
• We needed to add “windows” in the confining layer to reach reasonable calibration

• Drought has potential to create greater short-term effects, development creates long-
term effects.

• The calibrated transient model can be used directly or as a starting point to evaluate 
many other scenarios.



Questions?

Ground Water Investigation Program
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 Calibrated to drawdown
 Maximize the median Nash-

Sutcliffe coefficient

Distribution of Nash-Sutcliffe coefficients

Transient Calibration
(2017-2021)

Ground Water Investigation Program

median NS = 0.27



Spatial and Temporal Discretization

Berglund and others, 2024

• Cells are uniformly 500 
ft x 500 ft horizontally

• 41,460 active cells
• Thickness varies based 

on Hydrogeologic 
Model

• Monthly Stress Periods
• 5 Timesteps per Stress 

Period



Groundwater Modeling Zones – Layers 1 & 2

Berglund and others, 2024

Layer 1 Layer 2

Layers 1 and 2 zones based on Surficial Geology from Smith, 2004



Groundwater Modeling Zones- Layers 3 & 4

Berglund and others, 2024

Layer 3 Layer 4



“Plateau”-shape hydrographs – Summer Pumping

“Asymmetric”-shape hydrographs – Spring Recharge

Stable through winter

Pattern repeats

Pattern repeats

Preliminary Results Berglund and others, in prep



Drilling/RotoSonic



RotoSonic Drilling

Quigley

Ottey



Aquifer Tests: Shallow Aquifer Response to Deep Pumping

Myse and others, 2023

Aquifer Test
Duration

Quigley

Aquifer Test

Ottey

Aquifer Test



Lithologic Logs

Preliminary Results; Smith and Bobst, in prep

Quigley

Percent Fine-Grained Sediments

10%
20%

50%

50%

50%100%

Ottey



Lithologic Logs

Preliminary Results; Smith and Bobst, in prep
~12x vertical exaggeration

Quigley
Ottey

0 1 2 3 4 5 6 7 8 9 10 11

miles
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