The Largest Flowing Artesian Well in the State of
Wisconsin is (sometimes) an Abandoned Deep Quarry
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OBJECTIVES OF THE DUCK CREEK QUARRY STUDY:

« Monitor water level changes in Duck Creek Quarry through
direct measurements and historical reconstructions from photographs.

« Determine if the rate of filing of the quarry has accelerated in response
to the switch from groundwater to surface water by municipalities in 2007.

 Determine the extent to which artesian conditions influence outflow.

Photo by John Luczaj — October 4, 2011



Duck Creek Quarries — Village of Howard (Brown County)
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Quarries were active between 1827 and 2001 Photo Courtesy of Pictometry International Corp.
" November 18, 2006
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Figure 2a. Bedrock geologic map showing eastern Wisconsin and the ancestral Michigan basin (bullseye pattern). Geologic rock systems (periods)
are as follows: p€ = Precambrian, € = Cambrian, O = Ordovician, S = Silurian, D = Devonian, M = Mississippian, Pn = Pennsylvanian, J = Jurassic.
Base map data modified after Schruben and others (1994) and Ontario Geological Survey (1993).
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GENERAL WATER LEVEL HISTORY IN THE NORTHEAST GMA

« Predevelopment water levels exceeded ground surface by ~90-100 feet

« Water levels declined until 1957 when Green Bay switched to surface water

« Rapidrecovery (up to 200 feet)

« Water levels slowly declined again
until 2006-2007 when 8 communities
surrounding Green Bay switched

to surface water

« Rapidrecovery (>150 feet)
Recovery is ongoing!

Flowing Artesian Well in De Pere (18%0)
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DEEP AQUIFER WATER LEVELS at BN-76

Mouth of the Fox River in Green Bay
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Central Brown County Monthly Withdrawals from the Deep Aquifer
January 2006 - December 2008
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Groundwater withdrawals decreased from 16.4 Mgd to 4.2 Mgd
when the Central Brown County Water Authority switched to Lake
Michigan water via a 60 mile long pipeline in 2006-2007.



REGIONAL POTENTIOMETRIC SURFACE (DEEP AQUIFER)
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October 26, 2003
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October 7, 2008




June 5, 2010
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Note the SCUBA Divers!



June 25, 2011
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Photo by John Luczgj
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Photo by John Luczaqj
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September 2, 2011 - View looking Northeast

Photo by John Luczgj
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Quarry Water Level Elevation (Feet)

EARLY: THE RATE OF RISE OF THE QUARRY'S WATER LEVEL INCREASED BY 70%
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PUMPING CESSATION AFFECTED THE RATE OF WATER LEVEL RISE IN THE QUARRY

600 Howard #3 well began flowing in
January 2009, steady since 11/09
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Quarry Water Level Elevation (Feet)

LATER: THE RATE OF RISE SLOWED DUE TO
EXCHANGE WITH THE GLACIAL AQUIFER
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RECENTLY: QUARRY WATER LEVELS MIMIC DEEP AQUIFER SEASONALITY
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Vlllage of Howard WeII #3
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IMPLICATIONS

It appears that a hydrologic connection exists with the
deep aquifer, the potentiometric surface > land surface.

The Village of Howard installed an outtall to Lancaster
Creek in Fall 2011, preventing flooding of land surface.

During May 2013, a visual estimate of flow depth and
velocity suggested a discharge rate of 140,000 gpd!

Because the deep aquifer recovery is continuing, the
rate of discharge should increase in the future and
occur over a longer part of the year.



Duck Creek Quarries — Village of Howard (Brown County)

;,Q AR, YR SO R

OUTfoII Loco’rlon

Photo Courtesy of Pictometry International Corp.
November 18, 2006



Photo by John Luczgj



Photo by John Luczgj
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CONCLUSIONS

« Quarry filing was driven (in part) by the recovery of
the potentiomeiric surface in the Deep Aquifer System.
This was an unintended consequence.

* In 2011, the rate of water level rise slowed due to:
- flow into the glacial sediments above bedrock
- diminished shallow aquifer contributions

« The water level in the quarry has now reached a quasi-
equilibrium with the aquifer and mimics the deep aquifer
water levels (with a damped signal).

* The Quarry is (at times) the largest flowing artesian well
in Wisconsin at ~140,000 gpd. This should increase in future.

November 3, 2008 — View looking Southeast
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Photo by John Luczaj— Green Bay Water Utility Core (199.5 feet) — St. Peter Sandstone



