
Lake-groundwater interactions of Plainfield, Long, and Pleasant Lakes in the Central Sands of Wisconsin under rising water level conditions

Fig 1. Extent of the Wisconsin 
Central Sands aquifer and the 
Central Sands Lakes Study. 
Points show lake locations: 
Pleasant Lake to the south, 
Plainfield and Long Lakes to 
the north.
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Abstract
The Wisconsin Department of Natural Resources (WDNR) is conducting a groundwater and lake level evaluation for Pleasant, Long, and Plainfield
Lakes in Waushara County, referred to as the Central Sands Lakes Study (CSLS). The overarching goal is to create a hydrologic model to aid WDNR
staff in determining whether groundwater withdrawals from high-capacity wells may significantly reduce average seasonal lake levels. An
important component includes fieldwork designed to track water levels and water chemistry of the three study lakes and an accompanying
network of lake-proximate monitoring wells. This hydrogeochemical dataset provides a means to test hypotheses about lake-groundwater flow
regimes and improve our understanding of localized groundwater-surface water interactions. Lake-water budgets for each lake are calculated by
combining lake and groundwater-level fluctuation data with water chemistry and stable isotope data as a means of using mass flux budgets to
complement the water balance approach. Results from this analysis indicate that lake-groundwater fluctuations and gradients are largely
consistent with lake water-budget calculations based on stable isotope data. These findings confirm the hypothesis that groundwater is a key
component of the water balance at each of these dynamic lake systems and will ultimately inform the hydrologic model, as well as DNR’s
decision-making process in regards to lake-level impacts.
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Background and research goals

Fig 7. Groundwater 
levels in wells and 
lake levels for Long 
and Plainfield Lakes 
in summer 2018. 
Lakes exhibit “flow-
through” conditions, 
with distinct 
upgradient and 
downgradient sides 
to lakes.

Fig 8. Groundwater 
levels in wells and 
lake levels for Long 
and Plainfield 
Lakes in spring 
2019. Groundwater 
flow is almost 
entirely towards 
the lakes, showing 
the potential for 
gradients to 
fluctuate at each 
lake.

Fig 2. Stable isotopes in lake water and groundwater 
wells downgradient of  lakes fall along the same Local 
Evaporation Line (LEL). At Long and Plainfield Lake, this 
signal is only apparent in downgradient wells drilled to 
deeper depths. Stable isotope signatures of 
precipitation and all upgradient groundwater wells fall 
along the Local Meteoric Water Line (at Hancock 
Agricultural Station), indicating a lack of lake water 
mixing into groundwater elsewhere.

• Groundwater is a key component of the water balance at all three lakes;

• Lake/groundwater fluctuations and gradients are largely consistent with lake
water-budget calculations incorporating stable isotope data;

• Lake residence time is fairly short, less than a year for all lakes: Pleasant (8.5 mo.),
Long Lake (6.1 mo.), Plainfield (4.3 mo.);

• Although the isotopic signal of lake water was not observed in downgradient
water-table wells at Long Lake and Plainfield Lake during high-water levels of
2019, it is hypothesized that groundwater flow paths were pushed deeper, below
the shallow water-table well network. Samples from deeper downgradient
piezometers at these lakes do show a lake water signal and support this
hypothesis.

Groundwater supports a robust agricultural economy within the Central Sands region along with a multitude of
streams, springs, and lakes. As such, an improved understanding of the interaction between groundwater and
surface-water bodies is essential for ensuring not only sustainable agriculture yields but also quality water-resource
features on the landscape.

Fig 3. 
Groundwater 
levels in wells 
and lake levels 
for Pleasant 
Lake in 
summer 2018. 
Lake exhibits 
strong 
gradient, 
constrained by 
nearby Tagatz 
and Chaffee 
Creeks.

Fig 4. 
Groundwater 
levels in wells and 
lake levels for 
Pleasant Lake in 
spring 2019. 
Although levels 
have risen, 
gradients remain 
consistent since 
summer 2018, 
with nearby 
creeks strongly 
influencing 
groundwater flow 
direction.

Fig 5. 
Groundwater 
and lake levels 
for Pleasant Lake 
from July 2018 
to October 2019, 
showing 
consistent “flow-
through” 
conditions 
typical of a high-
gradient system.

Fig 6. A water-
budget analysis for 
Pleasant Lake 
confirms 
groundwater inflow 
is a major 
component of lake 
water and that the 
ratio of inflow to 
outflow remains 
relatively consistent 
throughout the 
year.

Figs 11 and 12. 
Water-budget 
analyses for 
Plainfield and Long 
Lakes confirms 
groundwater 
inflow is a major 
component of lake 
water.  
Groundwater 
outflow briefly 
drops to near-zero 
at these lakes in 
May 2019 but then 
increases to its 
highest observed 
levels in summer 
2019. 

Fig 9. Groundwater 
and lake levels 
around Plainfield 
Lake from July 2018 
to October 2019. 
The system varies 
from “flow-
through” to “flow-
in” conditions 
depending on 
water-level trends.

Fig 10. 
Groundwater and 
lake levels around 
Long Lake from 
July 2018 to 
October 2019. The 
system varies from 
“flow-through” to 
“flow-in” 
conditions 
depending on 
water-level trends.

Next Steps
• Estimate the mass flux of cations, anions, and nutrients to each lake and develop scenarios that evaluate the effect of groundwater withdrawal

on lake chemistry. Preliminary results indicate that groundwater is responsible for 95 – 99% of cation/anion input to each lake;

• If conservative cation/anion tracers are found, use to calculate an independent estimate of the groundwater budget for each lake;

• Groundwater flow paths and budgets will be compared with groundwater modeling results (MODFLOW);

• Continued monitoring of water levels for study lakes and lake-proximate wells into fall 2020.
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Goals:
• Monitor water levels, water chemistry, and isotope trends for the study lakes and associated monitoring wells;
• Use water-budget modeling to estimate water exchange between precipitation, evaporation, groundwater

inflow (to lake), groundwater outflow (to groundwater), and the change in lake volume;
• Refine conceptualization of lake-groundwater interactions for study lakes and improve decision making tool

for analyzing potential impacts to lake levels within the region.

Fig 13. Annual water budget for all lakes, shown as a volume.
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Eq 1. Water-balance equation with daily change in lake 
volume (dV/dt), Precipitation (P), Evaporation (E), 
Groundwater inflow (GWin), and Groundwater outflow 
(Gwout). δ18O is incorporated into GWin and the equation 
is solved for Gwout.
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