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Reasons for the study...

« Paleozoic bedrock aquifers in Minnesota
have been commonly characterized as
homogeneous and isotropic porous media.

* Technological advances in borehole
geophysics allow measurements to be made
showing the importance of secondary flow
features.

« Can aquifer heterogeneity be mapped at a
regional scale?



This talk...

* Present borehole study involving video,
packer tests, water chemistry profiles and
flowmeter measurements.

* Discuss geologic history of the Prairie du
Chien Group and its impact on porosity and
permeability.

* Discuss geologic models of the Prairie du
Chien Group — past, current and future work
at MGS.
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Trolling flow, Stationary flow,
ambient conditions ambient conditions
(gallons per minute) (gallons per minute)

0 1 2 0 1

Interpretation
line~_ @

-,

Ambient conditions:
explanation of flow

Consistent upflow along upper part of open hole
and into casing (water exits higher in casing)

- Water exits abruptly at two thin intervals of
»J secondary pores separated by confining unit

Consistent, relatively strong upflow past confining unit]
-

Water enters abruptly at three thin intervals of
secondary pores and travels downhole.
Entrances are separated by confining units.

Consistent upflow past confining unit

Water enters through intergranular pores and travels
uphole

No measurable flow
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Major cavities

(based on video

and caliper logs)
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test well

Shakopee Fm.

Cannon River

Oneota Dolomite

Jordan Sandstone

1400 ft.

test well

Shakopee Fm.

Cannon River

Oneota Dolomite

Jordan Sandstone










vadose

Marine phreatic zone

(sea water)

Mixed-water zone
(brackish)

Deep burial zone
(saline)

Figure . General model of karst development along a subareally exposed carbonate platform (in Mazzulo and Chilingarian, 1996,
modifed from Choquette and James, 1988.




KRUGER'S CAVE,
WABASHA COUNTY,MINNESOTA

cave passage 0 5 10
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APPROXIMATE SCALE IN METERS




Contour Imerval: 50 feed
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Jordan aquifer potentiometric surface, elevation
in meters above mean sea level

— St. Peter aquifer potentiometric surface, elevation
in meters above mean sea level

modified from Horick, P.J., 1989,

Water resources of northeast lowa:

lowa Department of Natural Resources,
Geological Survey Bureau Water Atlas 8, 133
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Geologic Units Well Condition and Flow Zones

Glacial Drift 20-inch Diameter Casing
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Limestane and Dolomite 410 Casing Diameter Change (Top of 12-inch)*

Location of Debris Blocking Well

ALY

Fy
Vi

.

Devonian .
“~——— 18-Inch Diometer Casing

Silurian 12-Inch Diometer Casing

Ordovician -
Shale, Sandsione, Limesione

ARSSRSRRRRARSSANRSNSNSSSY

3
el
——— 2085 Boftom of Casing

2150-2200 Fracture Zone

RS

u > >
P
2300-2350 Fracture Zone— M 13t g

2442 Remainder of Hole Filled with Slough

7T 2580 Boltom of Well
AR AR

5t Lowrence Doldmite 77— 77— 7 7

T

+ Location of the top e 12+ C g e eC fthe Y152 _
caliper kog of the ¢« FIGURE2 N
Ankeny Well No. 5 [=37ILTTH
Des Moines water works [N

WIXSTAZP  ACoBRg. 7 278%emerem




Geologic Units Wall Condition and Fiow Zonas
Glacial Drift

18-inch Diameter Casing

Pennsylvanian ¥..——— Polentiometric Level at 370 feet

16-inch Diameter Casing
Mississippian -
Limestone and Dolomite
775 Caosing Diameter Change (Top of é-inch casin
\—821 Top of 10-inch Casing

PIZII 2772777772
WL L L Pl A

Devonian -
Shale and Limestone

TSNSy,

Silurian

Ordovician -
Shale, Sandstone, Limestone
and Dolomite

15-inch Diameter Casing

FZ2 A

10-inch Diameter Casing

6-inch Diameter Casing
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A A

2100 Bottom of Casing

‘ - prodveer ¢ Fracs
_— 10-Inch Diametar Open Hole
?-" plovred
2300-2350 Fracture Zone

2380 Fracture Zone —

———— 2420-2430 Fracture Zone
W v ke L L7 L Z 2| L., \
== Cambrian - Jordan Sandstone -

a0

2523 Remainder of Hole Filled with Slough

— Franconia Formation =~
Vi s 7

Older Cambrian Strata

——— 2715 Bottom of Well

]
FIGURE |

Ankeny Well No. 4
Des Maines Water
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Conclusions

* We recognize the importance of high permeability
zones and fracture flow in understanding
groundwater movement and recharge.

« (Geologic models are moving beyond the identification
of stratigraphic boundaries.

* Qur ability to capture essential hydrogeologic
characteristics in a geologic model will improve as
computer capacity increases.





