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OBJECTIVES OF TALK ARE TO SHOW THAT:

- MACROPORES IN ALL BEDROCK

- MACROPORES HYDROLOGICALLY IMPORTANT
-WE CAN “MAP” (PREDICT) MACROPORES
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KEY HYDROSTRAT DATA
(USED TO LOCATE
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BOREHOLE FLOW
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AMBIENT BOREHOLE FLOW
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BPFS in St Lawrence Aquitard are present

regionally: ambient flow through at least one  EEEESE

BPF measured in 14 of 17 tested boreholes >~
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n=42 n=73 n=250
x=10.8 ft/day x=18.4 ftiday x=16.1 f/clay
std dev 10.9 std dev 19.7 std dev 28.9

IS THE ST LAWRENCE FORMATION AN AQUIFER?
IS THE ST LAWRENCE FORMATION AN AQUITARD?

IS THE ST LAWRENCE FORMATION AN AQUITARDIFER?



|
CLEYSS \’lfﬂi_____r—
ol I |l ] -

7L 695 — _
|
|

500 ft

BPF flow !
~
20ft
flow interpretation line

LLTZTe _

L
b8061S — 1_
i
G/ELST | .+|
_ |
%Niol_

6661/9 T_._.

BOELST

LLLLST _ |
01885
€0L0£9

abrupt inflection

0SF80C

I

LAKE ELMO AREA, EASTERN METRO

LoreLe

o L_BT_1
|

BYLSLS | .h|[.._

|
| |
961829 I —

861 /52 | |
|
88T OF Y i |r_|—_.

Coarse clastic

D Fine clastic
Carbonate

6£696 |

Ly

SS ¥313d 1S I3dOMVYHS




E
Ra
T T -
Carver | Hennepin IT:H g@(m @
ey o

' 1
e g BASIN, A

Wa

letmizg | 5T,
Seott ' 3%
1 Dakota
A ———— m 10 miles
R L St ETE ® Gy el oo oy oo sl mensson
p—mm— & (e 67l pockea ows
i1 et gy Ay dnongel i
Prairie du Chien Group —_—"
Quaternary unconsolidated sediment ("glacial drift”) "fl}rame du
_‘ﬂwn Group

| FRR CLARIM

FLOWLOGS g

(Runkel and others, 2006)

RN P WA T NPT R



¥ ._ WABASHA COUNTY : KRUGER'S CAVE,
LT T R ST M

=5

WABASHA COUNTY,MINNESOT

~_ SHAKOPEE FM

10 m
Plan view of BPF/solution interval

Al Coo by
B
P s A
p // . L . xSlIPmr:r ._"5":“.1::1-!__“"!-'
RSy Rl T
Pre

e T

-D "IC‘_:I'H. -

DYE TRACES, FLOW,
= , SRERsS=———-._,. CONDUCTIVITY, TEMP
————— — = —— Skl wrsreF
=i < _ s AND VIDEO LOGS
INDICATE SIGNFICANT
CONDUIT

doran Sariduicre
sfi -
X

== e CALPZRLOG  VISUAL10G OF CORL
. 10 nches
2| GOARSE CLASTIC o ';.‘L'?uus""

— :
DO FnecLasne [worT — .

CARBONATE

F—— MID-PRAIRIE DU GHIEN CONDUT Inereasing i;ldu cumelex o ’
(Tipping and others, 2006)



UNIVERSITY OF MINNESOTA CAMPUS AREA
PLATTEVILLE FORMATION INJECTION-FLOW-LOGS

5682745 705429 682664 682663 664362

Decorah Shale h e U._r"l.rtbhsél_i@a‘ifer : ‘S-_e'_d:ihienft.' DR s

Platteville
Fm (carbonate, minor shale)
Glenwood Shale

St Peter Sandstone

Injected water (gallons/minute) exits hole

GAMMALOG  FLOWLOG 101t ~1000 ft

Top of Hidden Falls Mbr
Springs/strat link by




FORMATION

]
o

Coralville

Lithograph City| 7

Little Cedar

Pinicon Ridge

Spillville

Wapsipinicon| Cedar Valley

Maquoketa

Dubugue

Stewartville

- SINKS
= SPRINGS

Prosser

Cummingsville

Decorah

Platteville
_Glenwood |

St. Peter

Shakopee

c
3
=
(]

>
3
2
=
o

Jordan

St.Lawrence

Tunnel City

(Franconia Fm)

Davis}

Mazomonie

Wonewoc
(Irontonand
Galesville)

Eau Claire

Mt. Simon

Hinckley

Fond du Lac

Solor Church

Olmsted/

Fillmore CGA's
Twin Cities
{in progress)

|

Wabasha

County
Tipping (2001)

FLOW-LOGGED EXTENSIVELY

= Preferential position
of BPF's

" " Future resulta’?

AQUITARD
AQUIFER




ST LAWRENCE FM
OUTCROP

i i X i ;
ﬁlyi, el i

L:]ORDAN Ss MINE, WI

10 m

» BOREHOL

' = .-4 | ul.!r','.-g__:-
- :{ ARREL A
. s L, - rda e
by % :'% i 7 all

Y IRONTON-GALESVILLE
' SANDSTONES, 395,
BROOKLYN PARK

,CROSSCUT (TYP )}

CAVERN A

PILLAR

CAVERN 3

MAIN SI—‘AF!’-/ ]

SURFACE SUILDING PORTAL
QUTUNE

SCALE ==eAN (TYP)
—ROOF JOINT (TYP)

NOTE: S60m OF PANNING SHOWMN

EGRESS TUNNEL /

%

PLATTEVILLE FRACTURES,
EXCAVATION, U of M LIBRARY

\EGRESS SHAFT

MT SIMON SANDSTONE,
564’ DEPTH,
BROOKLYN PARK



——

| | -

MECHANICAL STRATIGRAPHY

—
|

VERTICAL FRACTURES

L %
R T

AT
T

G
1
1t MECHANICAL
: UNIT
1
|
A Lo g
| 1 .
\ |
- i 1 1
B TS & G e
e e s S S
Quarry Wall Oriented 160"
} ) 6 8 10 i
Distance {m)

[ L l? |

Quarr

MECHANICAL
INTERFACE

4]

Wall Oriented
Distance (m)

12
(Underwood et al, 2003)




VERTICAL FRACTURES
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Does preferential termination of vertical fractures correspond to preferential BPF development?
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SOUTH-EASTERN WISCONSIN
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NORTHFIELD (Rice County)

Packertest Ambient flow
cmatos et (liters/min)
100 280282 0 25 50

L 1 1 |

;i

DEPTH (METERS)

Shakopee Formation _

VERTICAL FRACTURE TERMINATIONS:
IMPLICATIONS FOR AQUITARDS

bedding plane
fracs (BPF's)

[

s

I

joints/fracs

i

d

|

[N

T l ]\ﬂ T

L
|

l
(T

Q1

I

T '
/L 1

f

Prairie du Chien Group

Oneota Dolomite

1y

I
I 'I

T

T

J

|

T

(LY

Jordan Ss

Top open

Il Bottom
open

downflow, [

INTERVAL CONTAINING ONE OR MORE AQUITARDS BASED ON FLOW LOG
("cusp" separating water entrance from exit)

IS POTENTIAL KEY, DISCRETE AQUITARD
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Do correlated flow logs tell us

the position of key aquitards?
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What can we learn from
the outcrops?




Vertical joints with consistent
lowermost Jordan terminations
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TO THROUGHGOING VERT FRACS

I INTERVAL IN INDIVIDUAL HOLES CONTAINING ONE OR MORE AQUITARDS BASED ON FLOW LOG
("cusp" separating water entrance from exit)

==m== POTENTIAL KEY, DISCRETE AQUITARD

NATURAL GAMMA LOG

EM BOREHOLE FLOW LOG



NO MACROPORES MACROPORES
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