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TRIP SUMMARY

This field trip introduces you to the hydrologic and 
cultural heritage of the Twin Cities area, set in a varied 
geologic setting that includes major glacial features, 
karst bedrock, and high-yielding sandstone aquifers. The 
stops, located within the urban core of Minneapolis and 
St. Paul and east to the scenic St. Croix River, will high- 
light some of the issues associated with understanding 
groundwater movement and the behavior of anthropo-
genic contaminants in a groundwater regime comprised 
of interconnected glacial and bedrock aquifers.

Introduction

Groundwater recharge, flow directions, discharge and 
quality in the Twin Cities Metropolitan Area (TCMA) 
have been impacted by over 140 years of population 
growth, and industrial and commercial development.  
Although the Cities of Minneapolis and in part, St. Paul 
rely primarily on surface water (Mississippi River) for 
water supply, the source for inner- and outer-ring sub-
urbs is groundwater.

Bedrock aquifers and aquitards in the Twin Cities 
Metropolitan area are primarily Paleozoic sandstone, 
siltstone, carbonate and shale that are preserved locally 
within the Twin Cities Basin (Figure 1).  These rocks are 
greater than 1000 feet in thickness and are dissected by 
numerous bedrock valleys.  The bedrock valleys range 
in width from less than 1000 to over 10,000 feet and 

reach depths of over 400 feet and are filled with gla-
cial sediments.  Glacial sediments include a continuum 
of subglacial, proglacial fluvial, ice contact, stagnation 
moraine and lacustrine deposits— resulting in a complex 
distribution of textures and hydraulic properties on 
top of the bedrock surface.  To the northwest, Paleozoic 
bedrock pinches out at the edge of the basin, and aquifers 
are sand and gravel deposits overlying pre-Cambrian 
crystalline bedrock.  (Figure 1).

The impact of high capacity pumping on groundwater 
quantity and quality is recognized by the spatial distri-
bution of anthropogenic compounds at depths greater 
than regional discharge elevations (Tipping, 2012).  
Enhanced vertical hydraulic gradients provide the driving 
force to move recent water downward, across confining units, 
often with surprisingly short travel times, highlighting 
the importance of vertical fractures and multi-aquifer 
wells as preferential pathways for vertical groundwater 
movement in urban settings. (Bradbury et al., 2011; 
Gellasch et al., 2011; Gotkowitz, 2012).  In addition, an 
abundance of surface water bodies in the TCMA, including 
lakes, streams, and wetlands constitute a surface water-
groundwater system providing essential ecosystem 
functions that support not just a diversity of biological 
life but are also the foundation of Minnesota’s recreation 
and tourism industries.  It is within this context of 
competing uses that water resource planners face the 
difficult task of anticipating conflicts as groundwater 
conditions change.

Mississippi River, St. Paul SkylineFranklin Avenue Bridge over the Mississippi, Minneapolis
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FIELD TRIP STOPS

Stop 1.  Stone Arch Bridge at  St. Anthony Falls: 
Cultural heritage and and hydraulic head – an 
overview of the Twin Cities bedrock hydrogeo-
logic setting in historical context.

Location: Stop 1 is situated above the river near Fa-
ther Hennepin Bluff Park, located at the corner of Main 
Street SE and 6th Avenue SE. UTM coordinates of Stop 1 
parking area: 480,288 E/4,980,951 N. TRS location: T. 29 
N, R. 24 W, sec. 23, NE, SE. All UTM coordinates are given 
in North American Datum 83, Zone 15

Description: It is impossible to separate the origins of 
the cities of Minneapolis and St. Paul from the Missis-
sippi River. Early residents relied on the river for trans-
portation, for energy, for water supply, and for waste dis-
posal, among other things. The oldest and more historic 
parts of each city are oriented parallel to the river, as is 
common for river towns in Minnesota.

The falls, now a stabilized cascade–over which the 
Mississippi River drops over 20 meters–owe their 
existence to a combination of Pleistocene glacial geol-
ogy and Paleozoic stratigraphy. Approximately 10,000 
years ago, River Warren, draining Glacial Lake Agassiz, 
deeply incised the valley of the current Minnesota River 
and created the falls at the confluence of the Mis-
sissippi and the Minnesota Rivers (13 kilometers 
downstream from here). Gradual undercutting of the 
Platteville limestone by erosion of the underlying 
and relatively soft St. Peter Sandstone caused the 
falls to migrate upstream to their present location 
by the 1860s. At that time the river was routed onto 
a spillway to protect the power resource – proximity 
to the edge of the Platteville subcrop would have 
meant that the falls would have disappeared into 
a series of rapids had upstream migration been al-
lowed to continue. Early settlers exploited the water 
power from the river’s drop over the falls for milling 
lumber and flour, as well as to support other indus-
tries. St. Anthony Falls today is a notable resource 
that anchors downtown Minneapolis, continues 
to generate power, and is used for research by the 
University of Minnesota’s St. Anthony Falls Hydraulic 
Laboratory.

The first organized efforts at utilizing the river for a 
water supply were frustrated by the fact that the river 
and its tributaries were also used to dispose of sanitary 
and industrial wastes. Disease outbreaks were com-
mon up until disinfection became common in the early 
1900s. Also, the city of Minneapolis long ago moved its 
intakes upstream, away from the pollution sources near 
the center of the city. Minneapolis and St. Paul continue 
to this day to utilize the Mississippi River as a source of 
drinking water. 

Aside from the core cities, most other communities and 
many industries in the Twin Cities Metropolitan Area 
draw their water supply from groundwater resources. 
Several Paleozoic bedrock units comprise regional water 
supply aquifers that are used extensively. The most 
common is the Prairie du Chien/Jordan Aquifer system, 
which is comprised of fractured and solution-enhanced 
dolomite of the Prairie du Chien and the underlying 
Jordan Sandstone, which, while exhibiting primary po-
rosity, also has been observed to have fractures that lo-
cally contribute greatly to its transmissivity. Pre-glacial 
erosional processes and subsequent glacial deposition 
have led to an irregular network of buried bedrock val-
leys, patchy distribution of younger bedrock materials 
above the Prairie du Chien, and variable glacial deposits 
– all of which make it difficult to understand bedrock 
recharge mechanisms and can cause complicated pollu-
tion pathways.

Figure 4. Stone Arch Bridge, Minneapolis, pictured in an 
advertisement for the St. Paul, Minneapolis & Manitoba 
Railway Company, 1885 (Minnesota Historical Society, 2012).
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St. Anthony Falls Hydraulic Laboratory – 
University of Minnesota

Description: (modified from SAFL, 2012) “The University 
of Minnesota had first considered building a hydraulic 
laboratory to use the water power at St. Anthony Falls 
as early as 1908.The plan came to fruition in the mid 
1930’s as a result of the transfer of city-owned land 
at the site to the University, the cooperation of the St. 
Anthony Falls Water Power Company, and, most impor-
tant, the availability of funds through the Federal Works 
Progress Administration. Construction was started in 
March 1936 and the Laboratory was completed in the 
spring of 1938.” (Marsh, Mary H., The St. Anthony Falls 
Hydraulic Laboratory: the First Fifty Years. Kendall Hunt 
Publishing Company, Dubuque, Iowa: 1987.)

Designed specifically to take advantage of this unique 
location, the Laboratory operates by diverting water 
from the St. Anthony Falls headpool. Water entering the 

building can either be stored in an indoor reservoir or 
directed to a large open channel to flow at rates of up 
to 300 cfs (cubic feet/ per second). As it makes its way 
through the Laboratory’s three experimental floors, wa-
ter can be routed to various experimental tanks before 
rejoining the main Mississippi River channel approxi-
mately 50 feet below the headpool. An additional diver-
sion directs water to the “Outdoor StreamLab” adjacent 
to the laboratory.

Researchers at SAFL have been developing solutions to 
the major problems in hydraulic engineering and water 
resources since the laboratory opened, from dam design to 
dam removal, from stormwater research to study of delta 
processes, wind energy and biofuels research. However, 
as demand for SAFL experimental facilities has grown, 
the building and its facilities have begun to crumble. 
This renovation will ensure safe, state of the art facili-
ties for the use of researchers from across the United 
States and indeed the world.

St. Anthony Falls, Minneapolis, Minnesota
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Stop 2. Library Archives – University 
of Minnesota

Location:  Stop 2 is situated along the west 
side of the river north of the Washington 
Avenue Bridge, at the entrance to the 
University of Minnesota Andersen Library 
underground archive building.  UTM coor-
dinates of Stop 2 parking area: 480,957 E/ 
4980069 N. TRS location: T. 29 N, R. 24 W, 
sec. 25, SE, NW. 

Description:  (Modified from Anderson et 
al., 2011) Underground excavations in the 
TCMA area are especially useful for the 
rare three dimensional perspectives they 
provide on fractures and groundwater flow, 
when combined with cores and outcrop. At 
this stop, we will show and discuss infor-
mation collected during construction of 
an underground library archive building 
for the University of Minnesota, the MLAC. 
Outside the entrance to this facility we will 
highlight insights gained during excavation 
and remediation of contaminated leakage 
through the bottom of the Platteville For-
mation, which serves as the rock ceiling for 
this facility. 

Excavation for the underground part of 
MLAC began in 1997 and included removal 
of the upper approximately 6 m (20 ft) of 
St Peter Sandstone. When the overlying 
Glenwood shale was subsequently stripped, 
immediate and significant leakage of 
groundwater contaminated with coal tar 
derivatives occurred through a network of vertical joints exposed on the bottom of the Platteville Formation. 
Subsequent remedial work included installation of a pan system to capture water from leaking joints, which are
restricted to the approximately 80 meters of the excavation closest to the eroded edge of the Platteville at the 
river bluff (Figure 5).  In 2002 a horizontal pump-out well was installed along the Hidden Falls-Magnolia contact 
strata, and the system reduced leakage into the panning system by about 65 percent (Peer Environmental, 2003). 
Continued maintenance of the system includes periodic removal of microbial masses from the pan and well system.
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Figure 5.  Map of excavation at the Minnesota Library Access Center underground library storage facility at the University of Minnesota, 
highlighting mapped vertical joints on the ceiling of the excavation, which is the bottom of the Platteville Formation. Monitoring of flow 
collected from pans installed beneath leaking joints provides quantification of leakage rates. The site lies beneath an ~2.1 m (7 ft) thick 
body of water perched on top of the Hidden Falls Member. Modified from Peer Environmental and Engineering Resources, Inc. (2001). 
(from Anderson et al., 2011).

Combined data from MLAC pre-excavation (CNA, 1997) 
and remediation-related (Peer Environmental, 1999, 
2003) reports result in a hydrogeologic characterization 
consistent with many other metro sites (Figure 6). Sur-
face excavations penetrating about a meter into bedrock, 
vertical shafts, cores and other bedrock borings, indicate 
that the secondary porosity in the Magnolia Member in 
subsurface conditions is well developed.  As uppermost 
bedrock, it is highly fractured, with abundant and closely 
spaced vertical fractures and a number of bedding plane 
fractures resulting in a blocky fracture pattern. As at 
many other metro subsurface sites, it contains a body of 
water that is perched on top of the Hidden Falls Mem-
ber. A large number of discrete interval packer, slug, and 
larger-scale aquifer tests of the Magnolia Member show 
a range in horizontal conductivity that varies from a few 
ft/day to hundreds of ft/day. A bulk average horizontal 
conductivity for individual sites is typically calculated at 

several tens to as much as about 200 ft/day. Multi-well 
aquifer tests, dye traces, and mapped contamination 
plumes across the TCMA area indicate that fractures are 
typically well-connected vertically. Vertical conductiv-
ity at MLAC was calculated to be as high as 4 ft/day, 
although lower values were obtained with the same 
aquifer test data using other methods of analysis (Peer 
Environmental, 1999).

The lowermost approximately 10 to 50 cm of the Mag-
nolia, the “transitional” Hidden Falls-Magnolia contact 
strata, is especially conductive in a horizontal direction, 
containing a discrete bedding plane fracture network 
with conductivity measured as high as tens of thousands 
of ft/day in individual boreholes.  Borehole geophysical 
logs (including EM Flowmeter logs), core, and under-
ground excavation data collected near the University of 
Minnesota and at other TCMA sites tens to hundreds of 
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meters away from bluff and subcrop edges, demonstrate 
that this discrete interval of bedding plane conduits at 
the Hidden Falls-Magnolia contact is widespread across 
the subsurface extent of the Platteville. Properties of the 
Magnolia-Hidden Falls transition interval in a vertical 
direction are poorly understood, but limited data indi-
cate it may be greatly variable. At MLAC and other sites 
this transitional interval has been shown to be vertically 
well-connected to the heavily fractured Magnolia Mem-
ber higher in the section, serving as a lowermost “water-
main” that collects and transports horizontally large vol-
umes of water recharged vertically through uppermost 
bedrock. However, in a setting more deeply buried by 
younger bedrock, flowmeter logging has revealed head 
differentials across this thin transitional interval driv-
ing ambient borehole flow, an indication that discrete 
intervals within the lowermost Magnolia at least locally 
may be resistant to through-going vertical fractures and 
therefore serve as aquitards. 

The Hidden Falls, Mifflin and Pecatonica members typi-
cally have markedly lower horizontal conductivity than 
the Magnolia. Conductivity values from packer tests 
typically range from 10-1 to a few feet per day (e.g. CNA, 
1997). Packed intervals commonly are unable to pro-
duce water at a sustained rate above a minimum pump-
ing threshold. Values as high as a few tens of ft/day are 
relatively uncommon, and likely indicate intersection or 
proximity to bedding plane fractures or vertical joints 
(e.g. Barr Engineering, 1987). In a vertical sense, parts 
of these Platteville members (along possibly with the 
lowermost Magnolia transitional strata, described above) 
serve as aquitards. Preferential termination of verti-
cal fractures, as described at earlier stops, along with 
a systematic lateral change in fracture apertures and 
likely connectivity, appear to determine the stratigraphic 
position and relative integrity of these aquitards. Leakage 
through the ceiling of the excavation at MLAC provides 
some insight into the relative bulk vertical conductivity 
of the combined Hidden Falls, Mifflin, and Pecatonica 
members (Figure 6). Within approximately 80 meters 
of the bluff edge relatively high leakage rates (total of 
approx 5000 gal/day; Peer Environmental, 2001, 2003) 
into the panning system indicate a vertical conductivity 
varying from 10-1 to 10-3 ft/day across individual parts 
of the ceiling. Beyond approximately 80 meters from 
bluff edge the ceiling is not panned because leakage is 
negligible. Using a total leakage for the unpanned area 
of less than 10 gal/day (Steve Jansen, Peer Engineering, 
personal communication) vertical conductivity is less 
than 10-4 ft/day. The decreasing conductivity deeper into 
the excavation reflects diminishment in aperture width, 
and likely connectivity and trace length of vertical frac-
tures with increasing distance from the bluff edge and 
subcrop surface.  
 

Identification of discrete intervals that might serve as key 
aquitards within the combined Hidden Falls, Mifflin and 
Pecatonica members is an ongoing focus of our research. 
Hydraulic data compiled thus far suggests that the Hid-
den Falls Member plays a key role. Heads above and 
below the Hidden Falls are known to differ by as much as 
3 m (10 ft) based on nested well measurements (Braun, 
2011) and our packer-derived head measurements also 
show abrupt head changes across the Magnolia-Hidden 
Falls contact.  Perched water on top of the Hidden Falls, 
recognized at a number of subsurface sites and ex-
pressed also by springs, likewise suggests significant ver-
tical resistance across the member. Collectively, the me-
chanical stratigraphy and hydraulic data support a model 
whereby compartmentalization of vertical fractures from 
the lowermost Magnolia to the upper Mifflin leads to 
Hidden Falls and immediately adjacent strata containing 
one or more key aquitards. The integrity of these discrete 
aquitards likely increases with increasing distance from 
outcrop or subcrop edges. Intact, unfractured cores of the 
Hidden Falls indicate that the pervasive, closely spaced 
but relatively short trace length curvilinear to vertical 
fractures characteristic of outcrops, are not present in 
nearly the same abundance in the deeper subsurface. 
This provides some support for our spring “step-down” 
hypothesis, whereby water approaching bluff edge steps 
down to the next lowest mechanical interface at which 
joints preferentially terminate.

The combined information from MLAC, other subsurface 
sites, and our outcrop observations support our pre-
liminary conceptual model of the Platteville as a hybrid 
hydrogeologic unit with some parts acting as aquifers 
and some as aquitards  (Figure 6) Like other hybrid units 
identified in the Paleozoic bedrock of this area, even 
though matrix permeability is very low, secondary pore 
networks accommodate moderate to very high horizontal 
conductivity sufficient to yield economic quantities of 
water to wells, and supply springs with flow rates over 
10 gpm. Dye tracing, pump tests, and secondary pore 
observations demonstrate that the Platteville is consis-
tent with the definition of a karstic aquifer that includes 
fast-flow conduits. Data from the same collection of sites 
also supports the traditional classification of the Platte-
ville Formation as “confining unit”, when considered from 
a vertical perspective, with discrete intervals such as 
the upper and lowermost Hidden Falls Member serving 
as key relatively high integrity aquitards. Relatively thin 
stratigraphic intervals of 2 m or less appear to contain 
both the highest conductivity bedding plane conduits, 
as well as the key aquitards. Despite this complexity our 
ongoing work thus far appears to show a strong connec-
tion between stratigraphic units and on the development 
of both horizontal and vertical secondary pore networks, 
and thus the potential for a strong degree of predictabil-
ity in the flow path geometries.
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Driveby 1. New Brighton/Arden Hills Superfund 
site (a.k.a Twin Cities Army Ammunition Plant 
or TCAAP)

Location:  Driveby 1 is situated in the area bounded by 
I-35W, County Road 9, Lexington Avenue North and HWY 
96. UTM coordinates of the center of the TCAAP site are: 
486,802 E/ 4,993,350 N. TRS location: T. 30 N, R. 23 W, 
sections 9, 10, 15, 16. 

Description (from MPCA, 2012): The New Brighton/Ar-
den Hills Superfund site, which is comprised of the Twin 
Cities Army Ammunition Plant and its associated prop-
erty, is a federal Superfund site located in Arden Hills, 
Minnesota.

Contamination resulting from past ammunition manu-
facturing operations at the facility has been identified 
in groundwater, soil, sediment and surface water. The 
U.S. Army, U.S. Environmental Protection Agency (EPA), 
and the MPCA have worked jointly to determine the 
contaminants involved, the extent of the contamination, 
and the cleanup that is required.

What’s the problem?
TCAAP operated for several decades during a time 
when there were no laws governing disposal of chemi-
cals. During these years, the Army generated industrial 
wastes that were disposed of using accepted practices 
of the times, which included on-site dumping, burial, 
and open burning. The manufacturing processes and 
historical disposal areas at the facility caused contami-
nation of groundwater, soil, sediment, and to a lesser 
extent surface water.

The Army, EPA, and MPCA have worked jointly to discov-
er the extent of contamination and to clean up pollu-
tion that poses a risk to human health and the environ-
ment, based on the current land use.

Contaminants of concern
Chlorinated solvents and lead are the primary contami-
nants in the soil. PCBs (polychlorinated biphenyls), PAHs 
(polynuclear aromatic hydrocarbons), and petroleum 
compounds are also present in soil in some areas. While 
explosive materials and radionuclides were used at 
TCAAP, concerns about their possible presence in soil 
have been resolved through investigation and cleanup. 
The primary contaminants of concern in the groundwa-
ter are chlorinated solvents.

What’s already been done
   •  More than 94,000 cubic yards of contaminated shal-
low soil have been remediated to Army industrial use 
cleanup standards, a set of site-specific standards.
   •  More than 200,000 pounds of chlorinated solvents 
have been removed from the deep soils
   •  Approximately 1,500 cubic yards of PCB-contami-
nated soil have been incinerated.
   •  Approximately 1.2 billion gallons of groundwater 
are treated each year.
   •  Approximately 226,000 pounds of chlorinated sol-
vents have been removed from the groundwater.
Current land use controls restrict property use to “Army 
Industrial.”

What’s left to do?
   •  Groundwater treatment is expected to continue 
until approximately 2040. The Army will continue to 
operate and pay for groundwater treatment, even if part 
of the property is sold.
   •  While the historical waste disposal areas have 
all been addressed, some areas of soil contamination, 
particularly under existing buildings, require additional 
investigation and possible cleanup. The best time to 
complete this task is when the buildings are demol-
ished.

Can the site be safely redeveloped?
Previous soil investigations at TCAAP under the Super-
fund program were not intended to prepare the prop-
erty for redevelopment. Additional investigation and 
clean up of soil could be necessary if the property use is 
to change.

The MPCA’s Voluntary Investigation and Cleanup Program 
and Petroleum Brownfields Program will work with any 
new owner/developer to ensure that the site is safely 
redeveloped. The assessment and cleanup is fairly 
straightforward and has been done before on many con-
taminated properties. For more information about sites 
that were cleaned up and redeveloped in partnership 
with the Voluntary Investigation and Cleanup Program 
and Petroleum Brownfields Program, visit the Brown-
fields Success Stories webpage.

Contacts
News media contact: Hans Neve, 651-757-2608, 
hans.neve@state.mn.us
Brownfield project manager: Shanna Schmitt, 
651-757-2697
Hydrologist: Amy Hadiaris, 651-757-2402
Superfund project manager: Deepa de-Alwis, 651-757-2572
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Stop 3. White Bear Lake County Park 
(Ramsey Beach), White Bear Lake

Location: Stop 3 is situated along the North side of 
White Bear Lake off of Hwy 96. UTM coordinates of Stop 
3 picnic area: 500,198 E/ 4,993,348 N. TRS location: T. 
30 N, R. 22 W, sec. 13, NE, NW. 

Description: Between 2010 and 2011, White Bear Lake 
(Figure 7) and other lakes in the northeastern portion of 
the Twin Cities metropolitan area were at historically low 
levels. Recent urban expansion and increased pumping 
from the Prairie du Chien aquifer  (Figure 8) have put 
into question whether the decline in precipitation is the 
sole cause for the recent water level decline in White 
Bear Lake. 

The U. S. Geological Survey, in cooperation with the 
White Bear Lake Conservation District, Minnesota 
Department of Natural Resources, Minnesota Pollution 
Control Agency, and other State, county, and  municipal 
agencies and private organizations, conducted a 1-year 
study to characterize groundwater and surface-water 
interactions in White Bear Lake.   Three methods were 
used in the study to assess groundwater and surface-
water interactions : 1) a historic assessment (1980-
2010) of White Bear Lake levels, local groundwater 
levels, and their relation to historic precipitation and 

groundwater withdrawals in the White Bear Lake area 
(Figure 9), 2) recent (2010-2011 hydrologic and water-
quality data collected in White Bear Lake, other lakes, 
and area wells, 3) water balance assessments for White 
Bear Lake in March and August 2011.  Results from the 
study indicated that the combination of lower precipita-
tion and increases in groundwater withdrawals from the 
Prairie du Chien aquifer can explain the recent change 
in the lake level response to precipitation.

Results of the study will be presented in one of the ses-
sions of the Midwest Groundwater Conference. This stop 
on the field trip will allow participants to observe the 
low water levels in the lake, to hear a summary of the 
study results, to discuss some of the areas of continu-
ing research, and to observe the construction of a DNR 
observation well. Weather and time permitting, we will 
also eat lunch at this location.

Contact:
Perry M. Jones
United States Geological Survey WRD
2280 Woodale Dr
Mounds View, MN 55112-4900
Work: (763)783-3253
Fax: (763)783-3103
pmjones@usgs.gov
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Figure 7.  Residential dock expansions between 2004 and 2010 associated with lower water levels on White Bear Lake (from USGS, 
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Figure 8.  Geologic cross section of the White Bear Lake area (from USGS., 2012). 
Figure 8.  Geologic cross section of the White Bear Lake area (from USGS., 2012).

Figure 9.  Water-level elevations and estimated annual precipitation for White Bear Lake, 1924-2011 (from USGS, 2012).
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Driveby 2. PFC contamination, 
southern Washington County

Location:  Driveby 2 along the route starting from Oak-
dale, through Woodbury and south to Cottage Grove. 

Description:  Perfluorinated chemicals (PFCs) were 
manufactured in Cottage Grove, Minnesota beginning 
in the late 1940s.  PFC-bearing wastes were disposed of 
on-site at the manufacturing facility and in three major 
off-site disposal areas in Washington County, on the 
east side of the Twin Cities metropolitan area.  Buried 
bedrock valleys, major bedrock faults, karst features, 
and groundwater-surface water interactions in the area, 
combined with the mobility and persistence of PFCs,  
have resulted in a complex, co-mingled PFC plume cov-
ering over 100 square miles.  Eight municipal well sys-
tems and over 1,000 private wells have been impacted 
by the contamination.  

During the field trip, we will drive past the 3M-Oakdale 
Disposal Site and discuss the role groundwater-surface 
water interactions have played in creating a much 
larger area of groundwater contamination than had 
initially been anticipated.  We will also pass the most 
highly contaminated of the Oakdale city wells and their 
GAC filter treatment plant.  Time permitting, we will 
also drive past the 3M-Woodbury Disposal Site and 
discuss the role of bedrock structures (buried valleys, 
faults, karst) in the PFC migration.

Contact:
Virginia Yingling
MN Department of Health
PO Box 64975
St. Paul, MN 55164-0975
Work: (651)201-4930
Fax: (651)201-4606
virginia.yingling@state.mn.us

Stop 4. Afton Multiport installation site: 
Hydraulic characteristics of the St. Lawrence 
Formation

Location:  Stop4 is located at  the north end of Afton 
State Park.  UTM coordinates of Stop 4: 517,155 E/ 
4,968,794 N. TRS location: T. 28 N, R. 20 W, sec. 34, SE, 
NE. 

Description:  The Minnesota Geological Survey, in coop-
eration with the University of Guelph Centre for Applied 
Groundwater Research and the United States Geological 
Survey, is conducting an investigation into the water-
bearing characteristics of the St. Lawrence Formation.  
The St. Lawrence Formation, considered a confining unit 
by Minnesota Department of Health well management 
statute, is recognized to produce water both in conditions 
where it is uppermost bedrock and under deep bed-
rock settings where hydraulically active bedding plane 
fractures are exposed in open boreholes.  The goal of 
the study is to characterize both horizontal and vertical 
hydraulic conductivity in the St. Lawrence Formation.

The St. Lawrence Formation is informally divided into 
a dolostone and siltstone facies; within the St. Croix 
River Valley, it is primarily is a dolomitic siltstone with 
intermittent shale beds (Mossler, 2008).  Approximately 
40 feet thick at this site, the St. Lawrence hydraulically 
separates the overlying Jordan Sandstone from the 
underlying Tunnel City Group.  Upper-most bedrock at 
the site is the Prairie du Chien Group.  The water table is 
located within the Jordan Sandstone, at a depth of 200 
feet below the land surface. 

Hydraulic characteristics of the St. Lawrence Formation 
at the borehole scale are being determined through a 
series of measurements, including borehole geophysics, 
hydraulic conductivity profiling and temperature logging 
using a flexible liner (FLUTe), and discrete interval packer 
testing.  Borehole geophysical logs include natural 
gamma, fluid resistivity, fluid temperature, caliper, EM 
and heat pulse flowmeter, optical televiewer, acoustic 
televiewer, and video logging.

Data collected so far show that flow in the borehole 
is dominated by strong cross-formation flow from the 
lower Jordan to the Tunnel City Group.  Downflow, mea-
sured in excess of 10 gallons per minute estimated at 
20 gallons per minute, enters the open borehole within 
the Jordan Sandstone at the bottom of casing at 245 
feet, and exits primarily in a bedding plane fracture at 338 
feet within the Tunnel City Group.  This downflow, driven 
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by a hydraulic head difference of 50 feet between the 
Jordan and the Tunnel City Group, mutes open borehole 
measurements of what appear to be hydraulically active 
bedding plane fractures within the St. Lawrence Forma-
tion.  Preliminary slug test data using discrete interval 
packers indicate several bedding plane fractures within 
the St. Lawrence Formation are hydraulically active.  
Data assembled thus far will be used to design and 
install an multiport Westbay monitoring system, that is 
expected to provide a detailed vertical hydraulic head 
profile across the St. Lawrence.  This profile will be used 
to identify relative differences in vertical hydraulic con-
ductivity across the formation (e.g., Meyer, et al. 2008, 
Cherry et al., 2008).

 

Stop 5. Dancing Waters stormwater retention 
pond, Woodbury

Location:  Stop 5 is located in the Dancing Waters Housing 
Development at the east end of Sand Castle Drive.  UTM 
coordinates of Stop 5: 509,716 E/ 4975013 N. TRS location: 
T. 28 N, R. 21 W, sec. 12, SE, NW. 

Description: On October 4th, 2005, 5 to 7 inches of 
rain fell in the Woodbury area.  Dancing Waters Lake, 
a detention pond that collects water runoff from the 
east end of the 450 acre-development, filled with an 
estimated 22 million gallons of water.  Sometime over 
the weekend of October 8-9, 2005, the pond drained 
through a series of sinkholes that formed in its west 
end, the largest of which was approximately 103 feet 
long and 63 feet wide (Figure 10). 

Figure 10. Sinkholes in Dancing Water Pond, Woodbury, Minnesota (looking southwest). Picture taken October 12, 2005 by Bob Tipping. 
Long axis of left sinkhole (longest arrow) is approximately 9 m.
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There are 10 sinkholes mapped by Dr. Calvin Alexander 
of the University of Minnesota Department of Earth 
Sciences at the site.  The subsequent investigation of 
the newly created sinkholes found that the basin had 
been excavated through the surficial glaciofluvial sedi-
ments and approximately 10 meters into the subcrop-
ping St. Peter Sandstone and that this basin floor was 
approximately 20 meters above the contact with the 
underlying Prairie du Chien Group.

Further investigation found that the sinkholes clustered 
on the floor of the basin were associated with a series 
of open fractures, many filled with glaciofluvial sedi-

ments as well as the earthen materials used for the 
basin’s liner. These fractures’ orientations were largely 
different from the major joint orientations in the intact 
sandstone and were predominantly dipping at 45° ± 
10°. Furthermore, these fractures were generally found 
around the periphery of the excavation of the main 
collapse site shown in Figure 11. These open fractures 
were dipping away from at least two common centers, 
spaced around a circular perimeter with a diameter of 
10 to 15 meters. Inside the perimeter the sandstone 
was found to be comprised of numerous large blocks of 
sandstone with their interstices filled with glaciofluvial 
sediments and reworked St. Peter sands (Figures 12 and 13).

Figure 11. Western breccia pipe, Dancing Waters Pond. Note open fractures at base of excavation. Tape measure (circled in red) is extended 
into the fracture for its maximum length (7.6 m). Photo by K. Barr.
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It was concluded that the sinkholes were created by the 
stormwaters’ flushing and reactivation of the fractures 
and voids associated with a breccia pipe or several breccia 
pipes extending upward from the Prairie du Chien, the 
top of which had been intersected by the excavation of 
the basin. 

Figure 12. Eastern breccia pipe, Dancing Waters Pond.  Note that the outer perimeter of the truncated top of the breccia pipe is filled with 
dark topsoil/pond liner material. (Western breccia pipe is in hole in front of far orange fence.) Photo by K. Barr.

After investigation of these breccia pipes, these collapse 
structures were covered by a thick compacted clay liner.   
This liner permits limited amounts of water to slowly 
percolate into the subsurface. The clay liner ended at 
the 910’ elevation level.
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 Figure 13. Close-up of eastern breccia pipe. Note the individual blocks of white sandstone surrounded by darker sediments. Photo by K. Barr.  

Examination of topographic maps and aerial photo-
graphs of the vicinity did not reveal any surface expression 
of the breccia pipe(s) at the basin location prior to its 
excavation. The Dancing Waters collapse structure is 
approximately 2 ½ kilometers east of a major north-
south trending buried bedrock valley (Lake Elmo Valley) 
eroded through the Prairie du Chien and approximately 
7 kilometers west of the north-south trending St. Croix 
River valley (see Figure 2). Bedrock topography of the 
area mapped by Patterson et al. (1990) and Mossler and 
Tipping (2000) indicate that the basin is underlain by a 
minor valley extending from the St. Croix River valley to 

the west-northwest and intersecting with the Lake Elmo 
Valley; a complementary tributary valley is found on 
the opposite side of the Lake Elmo Valley, also trending 
west-northwest. 

Although this area is overlain by up to 100 meters of 
glacial deposits, obscuring most features, the consistent 
tributary valleys’ trend which is orthogonal to the strike 
of the Afton Anticline to the southeast suggests structural 
control of the valley which may contribute zones of 
weakness (Figure 15) for the formation of breccia pipes 
within the tributary valley and the Dancing Waters Pond 
vicinity.
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Figure 15.  Closeup of master joint aligned in two of the sinkholes on the northwest side of 
the pond.  Slope dressing above the St. Peter Sandstone also visible (from Alexander, 2006).
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Stop 6. Camp Coldwater Spring, Minneapolis: 
Dye Tracing in the Platteville

Location:  Follow signs for “Camp Cold Water Spring.” 
The spring is situated on the grounds of the former U.S. 
Bureau of Mines, directly northeast of the intersection 
of Highways 55 and 62. UTM coordinates of the spring: 
484,490E, 4,971,800N. TRS location: T. 28 N, R. 23 W, sec. 
20, SW, NE

Description (from Anderson et al., 2011):  Camp Cold-
water Spring emerges from the west side of a small 
masonry pond and adjoining tower. The spring itself is a 
cultural and historical landmark. It figures into the 
Dakotah creation story and is still considered a sacred 
spot by Native Americans. It also served as the water 
source and campsite for the men constructing Fort 
Snelling in 1820; because it was a notable supply of 
cold water, it was given its name. The spring continued 
serving as the water supply of the fort until the start of 
the twentieth century, using the structure in front of the 
spring for that function. 

Camp Coldwater Spring emerges from an outcrop of the 
Platteville; monitoring of the spring’s discharge in recent 
years has found it fluctuating from 50 to 125 gpm, with 
flows typically ranging from 70 to 90 gpm. This makes 
Camp Coldwater Spring the largest remaining spring in 
Minneapolis. Because of concern for the effects of the 
construction of State Highway 55 would have on Camp 
Coldwater Spring and other springs along the Minnehaha 
Creek gorge in Minnehaha Park, several hydrogeologic 
studies were carried out from Minnehaha Park to Camp 
Coldwater Spring. The spring discharge emerges from 
the convergence of several vertical joints and a bedding 
plane fracture at the Hidden Falls–Magnolia contact.

A seismic study by Bison Service Co. (2000a, 2000b) 
found that the two joints intersecting at the spring had 
orientations of N 36° W and N 54° E. The former joint 
was described as a more prominent feature and extend-
ed to the northwest to the portion of Minnehaha Park 
west of State Highway 55. 

Several pumping-test investigations have been carried 
out in this portion of Minnehaha Park. Liesch (1973) 
carried out several pumping tests using dozens of wells 
installed in the overburden and Platteville. The estimated 
transmissivities from these tests range from 1400 to 
1,600,000 gallons per day per foot (gpd/ft). Another 

pumping test was conducted in 2000 and analyzed by 
Kelton Barr Consulting (2000). The test revealed a draw-
down distribution distended in two principal directions 
that inferred the location and influence of two hydrauli-
cally significant joints, trending approximately N 45° 
W and N 50° E; these orientations closely correspond 
to the two major joint orientations measured by Olsen 
(1999, personal commun.) on nearby outcrops along the 
Mississippi River and Minnehaha Creek bluffs. The for-
mer joint also was in very close proximity to the wells 
that yielded the three transmissivity values >500,000 
gpd/ft in Liesch (1973). A quarter-mile southeast of the 
location of the pumping tests, the extrapolation of the 
former joint passed very closely by the east side of an 
excavation into the Platteville for a grit chamber as part 
of the Highway 55 construction. Groundwater flooded 
into the east side of the excavation via a bedding plane 
fracture at the Hidden Falls–Magnolia contact; the ex-
cavation was dewatered at a rate of 500 gpm for several 
months (Kelton Barr Consulting, 2000).

Additional geophysical investigation using ground-
penetrating radar was carried out in Minnehaha Park 
upland directly south of Minnehaha Falls. The results 
found a network of northeast- and northwest-trending 
joints. The locations and intersections of these joints 
corresponded closely with the occurrence of minor 
springs along the bluff between Minnehaha Falls and 
Camp Coldwater Spring. 

Dye tracing studies were carried out in 2001 in the 
intersection area of State Highways 55 and 62 west of 
Camp Coldwater Spring. Eosin Y fluorescent dye was 
added to a trench excavated to the Platteville surface 
125 m west of Camp Coldwater Spring. The dye began 
to arrive at the spring in <1.5 h, migrating at an appar-
ent velocity of 2 km/d (1.24 mi/d). A subsequent dye-trace 
test was carried out at a dewatering sump at the center 
of the present-day intersection, ~290 m (950 ft) west-
southwest of the spring. Within hours of a court-ordered 
halt to pumping, fluorescein dye was added to the sump. 
The dye was detected at Camp Coldwater Spring 16 d 
later. The travel path was more complex for this test, as 
the sump was excavated into the glaciofluvial sedi-
ments filling a buried east-west valley eroded through 
the Platteville a short distance south of the spring. The 
apparent flow velocity of 19 m/d (63 ft/d) is a combina-
tion of flow through the alluvial porous media and the 
Platteville fractures (Alexander et al., 2001). 
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The karstic and fractured flow patterns within the Platteville in the vicinity of Minnehaha Park and Camp Coldwater 
Spring are not thought to have been significantly altered and thus still reflect those flow patterns established prior 
to the creation of the Mississippi River and Minnehaha Creek gorges, created 12,700– 10,000 yr ago (Wright, 1972). 
These investigations reveal a predominance of flow generally through the Hidden Falls–Magnolia contact, aug-
mented and redistributed by hydraulically significant joints intersecting that contact.

Figure 16. Geology of the Camp Coldwater Spring vicinity, showing the location and orientation of vertical joints (black lines) that converge 
toward the emergence of the spring. The dark-gray background color represents a full Platteville subcrop;the medium-gray color represents 
a partial Platteville subcrop where only the Hidden Falls, Miffl in, and Pecatonica Members are present; and the lightest gray color is where 
all the Platteville is absent. Compiled from Sunderman and Kurtz (2000) and Bison Service Company (2000a, 2000b) (from Anderson et al., 
2011).
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