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ABSTRACT

The Ordovician Platteville aquitard in the Twin Cities Metropolitan area of Minnesota is

a shallowly buried, extensively fractured carbonate rock in an urban setting, and therefore

HYDROSTRATIGRAPHIC CONCEPTUAL MODEL OF THE PLATTEVILLE FORMATION: defining a "hybrid" hydrogeologic unit
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GEOPHYSICAL AND HYDRAULIC DATA COLLECTION: Injection while EM flowmeter
logging for identifying high K fractures

Well no. 664362, East Bank U of M
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CORRELATED INJECTION LOGS: High K bedding plane fracture consistently at the top of the Hidden Falls

[0 Results from six of the eight monitoring wells have a bedding plane fracture that dominates hydraulics in the well, at the Hidden Falls
and Magnolia contact. Two of the eight tested wells had very different results. One of these wells is open only to the middle of the Hidden
Falls and the upper part of the Mifflin Members. Hydraulic conductivity is so low in this borehole that we were unable to achieve a static
head during injection. The other well is open to the Hidden Falls and Magnolia boundary, but there does not appear to be a bedding

plane conduit at that horizon, and injected water exited the borehole directly at the base of the casing, stratigraphically within the middle of
the Magnolia Member.
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0 Mapping vertical fractures on exposure surfaces is a technique used in mechanical stratigraphy to characterize fracture density and
termination horizons, which can provide insight into fracture network development and improved predication of fluid flow pathways. Results
from our analysis at three separate localities show that the members of the Platteville Formation each have a distinct style of vertical fracture
density and spacing. Individual vertical fractures extending through the entire formation are rarely present at some highly weathered
outcrops. Vertical fractures preferentially terminate at the Hidden Falls and Magnolia contact as well as within the Hidden Falls.

[0 The Hidden Falls Member has a number of material properties differing from members above and below that may account for
preferential termination of vertical fractures. Internally it is massive, without individual centimeter-scale beds characteristic of the Magnolia
and Mifflin, as indicated by the conchoidal fracture pattern. It contains a higher percentage of siliciclastic material, largely clay and silt, and
on weathered exposures the densely fractured, small, blocky texture of the Hidden Falls is more similar to outcrops of relatively ductile shale,
such as the Glenwood, than to brittle carbonate rock. Tensile- and compressive-strength values for the Hidden Falls, based on samples from
a number of sites in the Twin Cities area, average ~12,000 psi, ~40% lower than values for the Mifflin and Magnolia (CSC Joint Venture,
1985).

[0 The coincidence of preferential termination of vertical fractures with preferential development of bedding plane conduit at the top of the
Hidden Falls Member may also be indicative of a cause and effect relationship whereby bedding plane conduits at this position served as a
weak mechanical interface where vertical fractures terminated.

[1 HEAD MEASUREMENTS USING PACKER: significant change in head where vertical fractures preferentially terminate

[0 We have recently started collection of head data from three Platteville wells on the campus of the U of M, and preliminary results suggest poor vertical
hydraulic connectivity between the Magnolia Member and underlying members, indicated by the abrupt change in head differences above and below the
packer across the Magnolia—Hidden Falls contact strata. Nested monitor wells at other sites in the Twin Cities area similarly reflect vertical resistance to flow
across the Hidden Falls, with heads above and below known to differ by as much as ~3 m (Braun Intertec Corporation, 2011). [

733207
Elevation (ft)
787.4 787.8 788.2
682745
Elevation (ft) 664362 T
. I‘ . - 1" ' ' .
778 779 780 781 Elevation (ft) o 3 { \'\ lj’.i ;o {1 20
789 790  Magnolia ; \.I BRI (T
' lr
POOR PACKER SEAL .__ ' {-l 12
Mifflin Mifflin
[
—= Head above packer | I\ "N
POSSIBLE .
:|PACI<ER LEAK -== Head below packer 5 ft (15 m) \ S

(Fracture trace from Shepard Rd locality)

Unpanned West Caverns
(negligible leakage)

Kv~<10" ft/d

Panned West Caverns | North + South Caverns
(~230 gal/day) 1 (~4800 gal/day)

Egress Tunnel

\
N
o3
c
T
9
a)
m
\»j\ISé?inSha¥f::\:> Access
Jnpanned West Caverns e e Caver
N
PORTAL

20 meters —— Vertical joint exposed on ceiling (bottom of Platteville Formation)

Leaking vertical joint (with water collection pan)
Modified from Peer E nvironmental and E ngineering R esources, Inc. (2001).

[0 Leakage through the ceiling (base of the Platteville) of the excavation at MLAC provides some insight
into the relative bulk vertical conductivity of the combined Hidden Falls, Mifflin, and Pecatonica Members. The
site lies beneath a ~2.1 m (7 ft) thick body of water perched on top of the Hidden Falls Member. Within ~80 m
of the bluff edge, relatively high leakage rates (total of ~5000 gpd; Peer Environmental and Engineering
Resources, Inc., 2001, 2003) into the panning system indicate a vertical hydraulic conductivity varying from
10*to 107 ft/d across individual parts of the ceiling. Beyond ~80 m from the bluff edge the ceiling is not
panned, because leakage is negligible. Using a total leakage for the unpanned area of <10 gpd, vertical
hydraulic conductivity is <10 ft/d. The decreasing hydraulic conductivity deeper into the excavation reflects
diminishing aperture width, and likely connectivity and trace length of vertical fractures with increasing
distance from the bluff edge and subcrop surface.

(1 Vertical hydraulic conductivity for the Magnolia Member at MLAC was calculated to be as high as 4 ft/d,
although lower values were obtained with the same aquifer test data using other methods of analysis (Peer
Environmental and Engineering Resources, Inc., 1999).
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