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ABSTRACT: Quarrying in limestone aquifers can interfere with groundwater flow paths.
Quarries can pirate karst conduit flow by physically breaking into the conduits and changing the
groundwater discharge points. Another mechanism of groundwater flow interference occurs as
quarry dewatering lowers the water table changing groundwater flow directions. Dye tracing is
an effective tool to evaluate and quantify these impacts. In Minnesota, tracing investigations
have been conducted at two quarries.

The Big Spring quarry near Harmony, Minnesota is in the Ordovician Galena Formation. The
quarry is 500 meters from Big Spring, the headwater spring of Camp Creek, a Minnesota
designated trout stream. Although the quarry is nominally above the water table, beginning
about forty years ago, the quarry intercepted conduits carrying groundwater to the spring.
Groundwater that formerly discharged from Big Spring now rises in the quarry then flows
overland joining Camp Creek 100 meters downstream of Big Spring. About 90 percent of the
mapped groundwater basin of Big Spring is now routed through the quarry.

The Osmundson quarry is in the Devonian Lithograph City Formation at LeRoy, Minnesota.
This sub-water table quarry requires seasonal dewatering at 1,000-3,000 liters/minute. When the
quarry is being dewatered, Sweets Spring, approximately 300 meters to the southeast, stops
flowing. Dye tracing has verified that the quarry pirates the flow to the spring.

Both of these cases demonstrate the utility of using dye traces to determine the impact of
limestone quarrying on groundwater flow paths. This information can be used to evaluate
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proposed quarry sites for their potential alterations of groundwater flow paths.

INTRODUCTION

Quarrying of limestone and dolomite is a common activity in karst areas. The rock products
are used for a variety of uses including road aggregate, cement production, and industrial
processing. Quarries alter the shape of the landscape and can impact water quality and quantity
in a number of ways. The removal of overlying material can increase the vulnerability of the
aquifer to pollution, conduits can be physically disrupted leading to reduced flow in springs, and
de-watering of sub-water table quarries lowers the water table and can impact neighboring wells
and springs (Hobbs & Gunn, 1998). In 2000, quarries in Minnesota produced about 10 million
metric tons of limestone and dolomite with an approximate value of $50,000,000 (Minnesota
Department of Natural Resources, 2001).

Minnesota Department of Natural Resources, Division of Waters hydrologists have been
investigating quarrying impacts on groundwater systems. Past work includes investigations into
the impact of seasonal dewatering on lake levels (Beissel & Ford, 1981). Recent work has
focused on the impacts on wells and springs of quarry dewatering and conduit piracy.

Dye tracing can be an effective tool to investigate these impacts. Two Southeastern Minnesota
quarries were investigated in areas with an abundance of sinkholes and springs. The locations of
the quarries, Big Spring quarry in Fillmore County and the Osmundson-LeRoy quarry in Mower
County are shown in Figure 1. This work is being done to document how these quarries have
changed the local groundwater flow paths.

METHODS

Tracer dyes were used to determine the groundwater flow paths. The dyes used were eosine
(CAS 17372-87-1), Rhodamine WT (CAS 37299-86-8), and fluorescein (CAS 518-47-8). Three
dyes were used to allow us to trace from up to three different sinkholes at the same time in order
to expedite basin mapping. The traces were carried out with 200 — 800 grams of dye flushed
with approximately 9,000 liters of water from a tanker truck; sinkholes were the injection point
for all of the dye traces. Passive charcoal detectors and direct water samples were used for
sampling. The samples were analyzed with a Shimadzu RF5000 scanning
spectrofluorophotometer at the University of Minnesota Department of Geology & Geophysics
using standard dye tracing techniques (see for example, Aley, 1999) and PeakFit for spectral
decomposition.

SITE INVESTIGATIONS
Osmundson-LeRoy Quarry

This quarry is in the Lithograph City Formation of the Devonian Cedar Valley Group. It is
relatively flat-lying limestone with some interbedded dolostone and shale (Mossler, 1995). The
quarry area in 2001 was approximately 30 ha; 17 ha require seasonal dewatering, the remaining
area is above the water table.
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Dewatering is done at a rate of 1,000-3,000 liters/minute and the water is then discharged to the
Upper lowa River which is approximately 500 meters south of the quarry sump. The quarry
operators do not dewater year-round nor do they dewater every year. They lower the water table
for the summer work season and then stockpile enough rock in the dry area of the quarry for the
following year. The quarry is then allowed to fill back up with groundwater.

Sweets Spring (A2), a perennial spring feeding the Upper lowa River, is approximately 300
meters southeast of the quarry. The spring stops flowing when the quarry is dewatered. Two
dye traces were conducted from a sinkhole, D022, which is 780 meters northeast of Sweets
Spring and 850 meters northeast of the quarry. The results of these two traces are shown in
Figure 2. The first trace (dashed line in Figure 2) was done while the quarry was being
dewatered and the spring was dry; the second (solid line in Figure 2) was conducted when no
dewatering was occurring and the spring was flowing.

Dewatering at the quarry pirates the groundwater flow from Sweets Spring. The second trace,
performed under a natural gradient, shows that the normal groundwater flow path in the
immediate vicinity of the spring is restored when the quarry is not being dewatered. The rate of
groundwater movement during these traces was 400 to 500 meters/day. This is the first
documented case in Minnesota of a quarry totally capturing the flow of a karst spring.

Big Spring Quarry

The Big Spring quarry is in the flat-lying Stewartville and Prosser Members of the Ordovician
Galena Group. The Prosser is fine-grained, thin-bedded limestone with minor shale partings
while the Stewartville is fine-grained dolomitic limestone and dolostone (Mossler, 1995). The
quarry area as of 2002 was approximately 17 ha. In the early 1960’s, quarrying operations
disrupted the conduits carrying flow to Big Spring (A24), the headwaters of a trout stream, Camp
Creek, which lies 500 meters north of the quarry. The owners of the spring have stated that
when this disruption occurred, the flow from the spring decreased. At that time, water started
rising in the quarry at several different points; some flows overland to Camp Creek while the rest
sinks back into the quarry and resurges in Big Spring (A24). The ratio of overland flow versus
resurging flow varies depending upon spring stage and runoff events.

Dye traces were conducted in the area as part of the Department of Natural Resources County
Geologic Atlas mapping effort (Alexander et al., 1995). This work was an attempt to map out
the basins feeding some of the large springs in the county. Boundaries between the Big Spring
basin and other basins were partially established during this project. As part of our current
research on quarrying impacts to groundwater systems, we have been using dye tracing to refine
the existing basin boundary map and determine how much of the basin area is being routed
through the quarry.

Figure 3 shows the geologic atlas dye traces and the dye traces done as part of our current
research. The quarry has had a profound impact on the local groundwater flow system. Based
on the 1995 Springshed map and the additional tracing work done as part of this project, roughly
90 percent of the flow in the Big Spring basin is now being routed through the quarry.



-faxenh Surxdg Brg o) 1® SoLIEpUN O WISE § PUE Sa0RA1 A "E 9L

SHEPEN 000E onoe onok 0 ook

BATE WISE (| Map]

evare uiseq paddennc) \\\\

wse g Buradg Big 00
spays Fura dg

Lrxendy Swradg Sig —]
faaI) nEaU\\f/\\

mem
AU ¥
yurs weang ¥
Suradg n,

a0ex) adlp SEQLV .x_ 2

agea) alp EZ\/\

LS v Haax) dwre)






-faxenh Surxdg Brg o) 1® SoLIEpUN O WISE § PUE Sa0RA1 A "E 9L

SHEPEN 000E onoe onok 0 ook

BATE WISE (| Map]

evare uiseq paddennc) \\\\

wse g Buradg Big 00
spays Fura dg

Lrxendy Swradg Sig —]
faaI) nEaU\\f/\\

mem
AU ¥
yurs weang ¥
Suradg n,

a0ex) adlp SEQLV .x_ 2

agea) alp EZ\/\

LS v Haax) dwre)



Ao UIE ¥
Surady e
ur od aoen _.u._ﬂﬁ_”

PEOY \\f.\\.
WEDI)S IMOL] .\\<

Lrreng) =
W OQIITp Mofy ?:._wm.no\/\

‘siped mogy Lraenb-ar g ¢ o14g

T I— T i—
SEEW 008k - : §

e l(““;: “

Swrad St apu




This exposes the conduit water to thermal impacts and makes it more vulnerable to pollution
from quarrying activities. The dye trace from sinkhole D6015 demonstrates that the quarry is
also pirating flow from Little Big Spring (A278). The rate of groundwater movement during
these traces was 500 to 1,000 meters/day. Figure 4 is a diagrammatic reconstruction of the
groundwater flow paths prior to the conduits being penetrated. The flow lines converged on Big
Spring and the water discharged directly into the trout stream.

SUMMARY

By using dye tracing, we were able to document and quantify the scope of spring piracy at the
Big Spring quarry. Based on available information, roughly 90 percent of the basin is now being
routed through the quarry. Without any dewatering occurring, this quarry has altered
groundwater flow paths. At the Osmundson-LeRoy quarry, we documented the first case in
Minnesota of a quarry totally dewatering a spring. Both of these cases demonstrate the utility of
using tracer dyes to determine the impacts of limestone quarrying on groundwater flow paths in
karst.
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