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Overview
• Need for infiltration and recharge information

– Better understand how climate and land use affect infiltration– Better understand how climate and land use affect infiltration
– Support regional groundwater flow modeling

• Overview of the Soil Water Balance (SWB) model
– Code developed by U.S.G.S. and Wisconsin Geological and 

N t l Hi t SNatural History Survey

• Application to the Twin Cities Metropolitan AreaApplication to the Twin Cities Metropolitan Area
– Inputs
– Results
– Sensitivity
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Metro Water Supplies Over Half pp
of Minnesota’s Population

Groundwater: 70 %
• Municipal wells
• Private wellsPrivate wells

S f W t 30 %Surface Water: 30 %
• St Paul and Minneapolis
• Intakes from Mississippi River





Council Role in Water Supply pp y
Planning

2005 MN Stat., Sec. 473.1565
“Carry out planning activities y p g
addressing the water supply needs 
of the metropolitan area”

Twin Cities Metropolitan Area 
Master Water Supply Plan
“Ensure a sustainable water supply 
f t d f t ti ”for current and future generations.”
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Metro Area Wells
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Drilled from 1940 - 2010
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Darker blue = older well

1940-2010 data reported for 7-County Metro in 2013 Minnesota County Well Index



Regional Groundwater Model:g
Metro Model 2 3
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Expanded Metro Model Domainp



Met Council Project Objectivesj j
1. Evaluate how infiltration varies through time 

across the eleven-county metropolitan area

2 C t i t f M t M d l 32. Create an input for Metro Model 3

3 Be compatible with the statewide recharge3. Be compatible with the statewide recharge 
project going on by USGS and MPCA
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Project Teamj
• Metropolitan Council
• Barr Engineering Co.
• S t d b Cl W t F d• Supported by Clean Water Fund



Approachpp
• Collect data

– 11-county metro area (12 635 square miles)– 11-county metro area (12,635 square miles)
– Changing land use data
– Spatially variable climate input from 1988-2011

• Run model
– Monthly and annual resultsMonthly and annual results
– 90m x 90m grid cells

• Understand limitations• Understand limitations
– Consistency with other methods
– Parameter sensitivity and uncertainty assessmenty y



Our ApproachClimate Data Our Approach
Landscape Characteristics:
• Land Use

Climate Data

• Land Use
• Hydrologic Soil Type
• Flow Direction Soil Water Balance

Soil and Land Use

Flow Direction
• Available Water Capacity

Soil Water Balance 
Code

Soil and Land Use
Look-Up Table

Soil WaterSoil-Water
Retention Table

Infiltration to 
GroundwaterGroundwater



Climate Inputp
• Global Historical 

ClimatologyClimatology 
Network

• 191 t ti ith• 191 stations with 
data from 1988-
20112011

• Daily precipitation, 
min and maxmin and max 
temperature

• Interpolated across 
model domain



Land Use
USGS

– 2006

Met Council
1990–1990

–1997

–2000

–20052005

–2010 



Changing Land Useg g
Met Council Land Years of SWB 
Use Data Year Simulation Input
1990 1988-1993
1997 1994-1998
2000 1999-2002
2005 2003 20072005 2003-2007
2010 2008-20112010 2008 2011



Soil
• USDA-NRCS 

Soil S r eSoil Survey 
Geographic 
D t bDatabase

• Soil HydrologicSoil Hydrologic 
Class (A-D)



Soil & Land Use Look-Up Table



Available Water Capacityp y
• Natural Resource Conservation Service SSURGO data 

for all areas except a small portion of Pine Countyfor all areas except a small portion of Pine County

• Natural Resources Conservation Service STATSCO 
d t d i t f Pi C tdata used in part of Pine County

A il bl il t it * R t Z D thAvailable soil water capacity * Root Zone Depth= 
Maximum Soil Water Capacity



Flow Direction
• National Elevation Dataset – USGS topographic data
• Stream lines USGS National Hydrography dataset• Stream lines – USGS National Hydrography dataset



1988-2011 Results1988-2011 Results

Average Infiltration
8.2 inches/year

Maximum (2002)
13 i h /13 inches/year

Mi i (2000)Minimum (2000)
2.7 inches/year

Less More



SWB Calculates Infiltration 
Below the Root Zone
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How do results compare toHow do results compare to 
other work done to estimate 
recharge?



SWB 2008 vs. 2012



SWB (2012) vs. SWAT:( )
Little Rock Creek



SWB (2012) vs. USGS Regional ( ) g
Regression Recharge Method



PrecipitationPrecipitation

Infiltration
Shallow

A if R hAquifer Recharge



Sensitivity to Parameter y
Uncertainty

Varied parameters for different land use and 
soil hydrologic group combinations:soil hydrologic group combinations:

• Maximum Rechargeg

• Root zone depth

• Curve number



Estimated 
Uncertainty
of SWBof  SWB 
Model 
I filt tiInfiltration



Challenges & Limitationsg
• Uncertainty must be acknowledged

• Not for “site” scale - properties used are generalized

• Not for daily estimates – monthly or annual insteadNot for daily estimates monthly or annual instead



Successes
• Improves understanding of climate and land use 

impacts on regional infiltrationimpacts on regional infiltration

• Useful input to regional groundwater modelUseful input to regional groundwater model

• Simpler and less time-intensive to apply than a fully-Simpler and less time intensive to apply than a fully
coupled groundwater and surface water model


