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    Introduction – DNR Role
The mission of  the Indiana Department of  Natural Resources is to protect, enhance, preserve, and wisely use natural, cultural, and recreational 
resources for the benefit of  Indiana's citizens through professional leadership, management, and education.

The Division of  Water is a regulatory and public information agency, having diverse responsibilities associated with the evaluation of  Indiana's water 
resources, and development near Indiana's waterways and lakes. Regulatory responsibilities include floodway construction, floodplain hazard analysis, 
lakebed and shoreline alteration, dam safety, conservancy districts, water use, and water well construction. The Division provides useful public 
information related to water availability throughout Indiana, water use, and participation in the National Flood Insurance Program. Supplies a vast array 
of  water resource information for individual citizens, industry, environmental groups, and government agencies; primarily responsible for programs 
including floodway construction, dam safety, flood hazard planning, flood plain regulations, conservancy districts, and water well construction.

 https://www.in.gov/dnr/about-us/what-we-do/

https://www.in.gov/dnr/water/

The Resource Assessment Section 1) Investigates, monitors, and 
assesses water resource availability in the State of  Indiana through 
analyses and interpretation of  technical information, 2) to provide 
timely and relevant water resource products, 3) through cooperation 
with local, state, and federal stakeholders and partners.

Satisfy the Legislative Directives of  IC 14-25-7 by conducting a 
“continuing assessment of  the availability of  the water resources” 
of  the State of  Indiana.

https://www.in.gov/dnr/about-us/what-we-do/
https://www.in.gov/dnr/water/


    Objectives

For this meeting:
To inform and educate on 
the history, hydrology, and 
geology of  the Hudson 
Lake Indiana region

Long term:
To develop a hydrologic 
monitoring program

2005

2019

2019

2015



    Objectives

A collaborative effort to 
develop a hydrologic 
monitoring network will 
provide the necessary 
information to inform our 
understanding of  how water 
cycles through Hudson 
Lake, in turn guiding future 
lake management plans.



    Objectives

A common and shared understanding of  
the unique and complex attributes of  the 
Hudson Lake system will aid the 
collaborative monitoring efforts

These collaborative monitoring efforts are 
best achieved through educating and 
informing stakeholders.



Hydrology Concepts

Ultimately, we 
want to 
understand the 
water cycle for 
Hudson Lake



Hydrology Concepts

• USGS recently 
published water 
cycle diagrams

• Explore 
interactive 
mapping services

• Newsworthy 
publication

https://www.usgs.gov/special-topics/water-science-
school/science/water-cycle

https://twitter.com/AGU_Eos/status/1580688561913098240

https://www.usgs.gov/special-topics/water-science-school/science/water-cycle
https://www.usgs.gov/special-topics/water-science-school/science/water-cycle
https://twitter.com/AGU_Eos/status/1580688561913098240


Hydrology Concepts
Water budgets



Hydrology Concepts

Water budgets



Hydrology Concepts

Water budget for the Hudson Lake system



Concept of  watershed

Geology drives how 
water moves through 
the landscape

Hudson Lake 
landscape is unique 

Geology of  Hudson Lake



Glacial geology

Young landscape - 10-15k years old
• Complex soils
• Higher clay content to the N
• Depressional to the SW
• Sand and gravel to the SE
• Aeolian too

End moraine – more clay

Kame and kettle – depressional Outwash – sand and gravel

Geology of  Hudson Lake



Valparaiso Moraine

Geology of  Hudson Lake

Yellow line shows 
hypothetical 
Hudson Lake 
location

Glacial geology (View in GIS viewer)



Kettles and kames

Hudson Lake is a 
kettle lake

Geology of  Hudson Lake



Aeolian (wind-driven) deposits south of  Hudson Lake

Geology of  Hudson Lake



Soil explorer - Let’s visit: https://soilexplorer.net/

Geology of  Hudson Lake

https://soilexplorer.net/


Young landscape

Hudson Lake is here:
• 10-15k year old since 

glaciation
• Drainage area, or 

watershed, is difficult to 
determine

Too young for the 
formation of  
stream networks

Geology of  Hudson Lake



Geomorphology of  Hudson Lake

Steam network patterns



Geomorphology of  Hudson Lake
Dendritic stream networks



Geomorphology of  Hudson Lake

Dendritic stream networks:
• Time to formation is long
• Hudson Lake is young

Highly permeable and deep 
sandy soils also play a role



Geomorphology of  Hudson Lake

Unglaciated Brown County

Recently glaciated LaPorte County

Dendritic vs nondendritic surface drainage networks



Geomorphology of  Hudson Lake
Nondendritic surface drainage networks - 23.9% of  watershed is depressional – Fuzzy drainage area



Hydrology of  Hudson Lake

The Hudson Lake 
watershed and 
groundwater systems 
are unique



Hydrology of  Hudson Lake

Watersheds as transfer functions – Precipitation is transferred to lake levels 



Hydrology of  Hudson Lake

Landscape age and dominant soil type drive 
how precipitation moves over and through the 
landscape



Hydrology of  Hudson Lake

• Hinge and/or flow-through 
lake

• Movement of  water towards the 
lake from the west and south, 
away from the lake on the north 
and east

• Groundwater gradient does not 
always match surface gradient

• These flow paths can change 
as groundwater levels fluctuate

• Residence time is 2.5 years (V3 
report)



Lampe, D.C., and Bayless, E.R., 2013, Hydrologic data and groundwater flow simulations 
in the vicinity of  Long Lake, Indiana Dunes National Lakeshore, near Gary, Indiana: U.S. 
Geological Survey Scientific Investigations Report 2012–5003, 96 p.

Hydrology of  Hudson Lake
• Hinge and/or flow-through lake
• From the SW to the N and E
• Analog at Long Lake



Hydrology of  Hudson Lake

Groundwater and surface water divides



Hydrology of  Hudson Lake
Hudson Lake – On the continental divide



Hydrology of  Hudson Lake Hudson Lake – On the continental divide

*View in GIS viewer

https://www.usgs.gov/media/images/watershed-map-north-america

https://www.usgs.gov/media/images/watershed-map-north-america


Groundwater elevations and land 
elevations are the same

Potentiometric (groundwater levels) approximate the Legal Lake Level – well logs confirm this

Hydrogeology of  Hudson Lake
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Hudson lake is 35-40 feet deep on the west end

Hydrogeology of  Hudson Lake



Lake vulnerability – 35-40 feet deep, shallow and 
discontinuous clay confining layer, sandy soils – high 
communication with local water table and deeper 
aquifer system(s)

V3 report

Hydrogeology of  Hudson Lake



Shallow and discontinuous clay confining layer, sandy soils (V3 report)

Hydrogeology of  Hudson Lake



Shallow and discontinuous clay confining layer, sandy soils (V3 report)

Hydrogeology of  Hudson Lake



Indiana water well viewer - https://www.in.gov/dnr/water/ground-water-wells/water-well-record-database/

Hydrogeology of  Hudson Lake

https://www.in.gov/dnr/water/ground-water-wells/water-well-record-database/


Historical information for Hudson Lake
Transfer of  precipitation to lake levels is complex
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Hudson Lake high and low cycles are complex – seasonal, multi-year, and decadal

Historical information for Hudson Lake

Pike – red
Hudson - blue
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Historical information for Hudson Lake

Hudson Lake and Pike Lake water 
levels approximately track each 
other until 1985
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Pike – red
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Historical information for Hudson Lake

Hudson Lake and Pike 
Lake – high latency (lag)

Tippecanoe Lake – low 
latency (lag)
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Historical information for Hudson Lake

Hudson and Pine Lakes 
have an indirect (difficult 
to interpret) water level 
signature from 
precipitation inputs –
high lag/latency

Tippecanoe Lake water 
levels respond more 
directly to precipitation 
inputs – low lag/latency

Post 1985 – Hudson Lake 
peaks attenuated 0
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Historical information for Hudson Lake

Extreme highs in 
historical record – need to 
avoid

Extreme lows in historical 
record – difficult (or 
impossible) to avoid
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1901 report
• Whole lake underlain by marl, not very thick, thinner at the central, east, and northern areas
• Noted low water – matches present day dry areas in the west

1876 report
• Description of  the east ‘berm’ matches

• 60 rods ≈ 1000 ft
• 1837 noted low water by 4 feet

Historical information for Hudson Lake



Lake level boundaries fluctuate over time

1998 2003

Historical information for Hudson Lake



    Conclusions

• Hudson lake is a unique and complex hydrologic system

• What do we know:
• Entirely groundwater fed lake
• Highly permeable soils

• What is poorly understood:
• Hydroclimatic drivers of  high and low lake levels 
• Seasonal and multi-year fluctuations of  the 

groundwater and lake levels



    Recommendations
Monitoring – surface water and atmosphere 



    Recommendations
Monitoring – groundwater



    Recommendations
Monitoring – groundwater



    Recommendations

Modeling

• Monitoring data are 
model inputs

• Provide water balance 
calculations – inputs 
and outputs

• Describe water 
movement through the 
landscape

• Identify the factors and 
relevant timescales that 
influence lake levels, to 
guide management 
strategies



    Final thoughts

Funding is key!

Fulfills the Legislative Directives of  
IC 14-25-7 by conducting a 
“continuing assessment of  the 
availability of  the water resources” 
of  the State of  Indiana.

https://www.in.gov/dnr/water/

https://www.in.gov/dnr/water/


    

Thank you!

Hudson Lake Community Meeting
May 4, 2023

Garth Lindner – Resource Assessment
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