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Introduction to Minnesota Dye Tracing Historic Minnesota Dye Tracing

THE GOAL - to produce a web 
accessible database containing as 

many groundwater dye tracing 
results as possible.

Dye Trace Reports – conservancy.umn.edu
https://conservancy.umn.edu/handle/11299/184770

Dye Tracing: Minnesota DNR
mndnr.gov/groundwatermapping

> Springs and Karst > Dye Trace Reports

In the karst regions of Minnesota, groundwater tracing using fluorescent
dyes has proven to be an effective method for understanding groundwater
flow, travel times, and interconnections with surface water (streams, creeks,
etc).

During dye tracing investigations, dye is poured into a sinkhole or sinking
stream. From there it flows through the karst conduit system until it re-
emerges at springs, wells, and/or along gaining reaches of streams.
Sampling for the dyes can be accomplished in a number of ways. Passive
charcoal detectors (bugs) designed to adsorb fluorescent dyes can be placed
strategically at various possible springs, wells, and stream locations. After
collection, bugs are bathed in alkaline eluent solution that strips the dye
from

from the charcoal so the solution can be analyzed qualitatively using a
spectrofluorophotometer. Alternatively, direct water samples can be taken
either by hand or with the use of an automatic-sampling apparatus. Direct
sampling methods yield more quantitative results but are logistically more
difficult to deploy for long periods of time.

Positive results allow scientists to infer groundwater flow directions,
calculate minimum velocities, and begin to delineate springsheds. In
general, springsheds are composed of Groundwater Springsheds (GwS),
Surface Water Springsheds (SWS), and Regional Groundwater Springsheds
(RGS). Understanding these components’ combined extent is important for
the protection of trout stream resources and other ecosystems in
Minnesota karst areas and elsewhere. Additionally, water protection and
management options associated with spill response, agriculture, water
demands, and landscape alteration require effective means for delineating
springsheds. The boundaries of groundwater springsheds often do not
correspond to watershed boundaries on the land surface and are dynamic in
their areal extent, changing as groundwater levels rise and fall. Many dye
traces and the resulting springshed delineations have been accomplished in
southeastern Minnesota, but the results and reporting have had varying
degrees of accessibility.

Figure 1. Minnesota Karst Lands of southeastern Minnesota. Modified from 
Alexander, Gao and Green with designated trout streams and their tributaries as 

dark blue lines. 

Karst Domains

Reports 
and associa-
ted tracing 
documentation 
are cataloged on the 
University of Minnesota’s 
Digital Conservancy (UDC) 
and made publicly available via 
both the DNR’s webpage and the UDC 
collection browsing feature. Eventually, links to 
this reporting structure will be integrated into an ArcGIS 
Online interactive web map designed so that users can browse 
Minnesota karst. The tool will allow users to zoom in and out of 
specific areas and easily access trace reports and associated data 
where it is available. 
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The Database
Development is underway on the statewide Minnesota Dye Trace Database which is designed to be the 
most comprehensive compilation of dye tracing results to date. This database is currently in the form of a 
Esri file geodatabase and contains geographic locations of dye input points, important trace information 

like trace name, date, tracer used, a list of personnel involved in 
the trace, sampling and detection points, and most importantly its 

corresponding data point within the Minnesota Karst 
Features Database (KFD, Goa, 2002). Eventually, 

this information may become integrated into the 
KFD, giving it a more stable and consistent 

home. Most records have 
reports associated with them 
which will be web-accessible 

directly from the database. 
Figure 4 contains 
representative points for 

dye traces in 
southeastern 

Minnesota.

Figure 4. The Minnesota 
Dye Trace Database in 

plan view (left) and 
example DNR (top right) 

and University Digital 
Conservancy (bottom 

right) webpages.

Future Work
The DNR County Geologic Atlas Program is in the process of migrating maps and digital information to online 
versions, through web-enabled map services, in an effort to increase accessibility and provide for more 
general use. Data from such a service would be readily available for download to a local computer. A list of 
products currently available in a web-enabled service format can be found at 
mndnr.gov/groundwatermapping
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Questions?

Figure 3. Geologic and hydrogeologic attributes of Paleozoic rocks in southeastern Minnesota.
Bracketed intervals represent the known karst systems in Southeast Minnesota. Modified from Runkel
et al., 2014 (left). Example breakthrough curves for Galena-Spillville Karst System (top right; modified
from Mohring, 1983) and the St. Lawrence-Lone Rock Pseudokarst System (bottom right). The red lines
are aligned at 14 hours and 14 days (respectively) after dye introduction to show the significant
difference in breakthrough timing. Note that the minimum calculated travel distance for the Galena
example is roughly 1.5 miles (2.4 km), while the minimum distance for the St. Lawrence example is
approximately 2.9 miles (4.7 km).
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Dye Trace Reports
Dye trace reports are summaries of the findings of dye trace 
investigations that typically contain geologic and hydrogeologic
descriptions of the study area, study methods, dye introduction 
points and monitoring locations, locations where dye was and was 
not detected, and some discussion relevant to springshed
delineation and water protection and management options.

Three major karst domains (the Cedar Valley, Galena-Spillville, and
Prairie du Chien karst systems) have been identified and studied in
Minnesota (Runkel et al., 2014). Recent work has also documented
complex conduit flow phenomena in the St. Lawrence-Lone Rock
Pseudokarst System (Green et al., 2012; Barry et al., 2015). The
groundwater velocities and breakthrough curves for each of the
systems differ based on aquifer properties and the interconnectedness
of conduits. For instance, Galena-Spillville Karst generally has very
rapid groundwater flow velocities, with dyes arriving quickly at
discharge locations and being flushed completely from the system

within days to weeks. St. Lawrence-Lone Rock Pseudokarst, on the
other hand, is often characterized by a rapid leading edge
breakthrough similar to classic karst system flow with slower dye
transit times on the recession limb of the dye recovery curve. Slower
flushing of the dyes results in positive detections at St. Lawrence
springs for months to two or more years after dye injection. See Figure
3 for a comparison of breakthrough curves in those two karst systems
where, in the case of the St. Lawrence-Lone Rock trace, dye was still
being detected seventy days after the initial detection.

To our knowledge, groundwater tracing using 
fluorescent dyes began in Minnesota in the early 1940s 
when S. P. Kingston (a Department of Health Public 
Safety Engineer) used fluorescein to investigate typhoid 
fever outbreaks in Fillmore and Olmsted counties. Other 
private researchers, notably Ron C. Spong and Charles C. 
Giammona (1973), performed a few dozen dye traces. 
The local caving community has periodically been 
involved as well. The preponderance of dye tracing 
studies in Minnesota has been collaborative work by 
the University of Minnesota and the DNR. Some historic 
figures produced by Kingston (bottom) and 
Spong (top) are shown in 
Figure 2.

Figure 2. Example figures from historic 
dye tracing reports. The top image is a  

USGS topo map with detailed dye 
trace information annotated 

by Ronald C. Spong (1992). 
The lower two images 

are figures from 
S.P. Kingston’s 

1943 AWWA 
paper.


