Fens at the Brink

Case Studies of Sand and Gravel
Mining vs. Calcareous Fens.




Case Study Sites




Ottawa Fen

Unorthodox Mitigation Used in Effort
to Save Rare Wetland.
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Hydrogeologic Modeling

m Model Assumptions

— The layer mined and the fen were separated
by a confining unit

— Sump elevation of 740’
— Pumping 1100 GPM

m Predicted Effects
— Some head loss beneath the fen




Model Weaknesses

m Mined material below confining unit
m Actual sump elevation of 688’



DNR Response

m DNR modeling
m Require monitoring wells
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Ottawa Fen Well Nest
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Impacts to the Fen

m Head loss as of 9/28/99

—769.14 - 7/67.69 = 1.45
+(1.45/2.16) * 100% = 67%












Mitigation - A Last Resort!

m Unavoidable impact of an essential
project

m Approved (DNR) management plan

m Mitigation can be very expensive

m Peat solls are vulnerable: compaction,
decomposition = subsidence




Irrigation

m Why implemented
m Early efforts

m Eventual solution
m Pitfalls






Possible Solutions

m Accelerated end date
m Backfilling



[li[Current Mining Conditions]
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Ottawa Fen - Nest 4 Wells

769.5

AN

768.5 T

4

VV UL R VAZLL ATV COULAL/LEL (25
~
(@)
~J
9}
|
I

766.5
— 4 USGS
Fen 4T
Fen 4S
— — Ground Elevation
765.5

12/30/1990 12/29/1992 12/30/1994 12/29/1996 12/30/1998 12/29/2000
Date

767.0(

12/30/2002 12/29/2004




Impacts to the Fen

Head loss as of 5/18/04

—769.14 - 768.11 = 1.03’
+(1.03/2.16) * 100% = 48%



Summary

m Modeling

m Monitoring

m Long-term solutions
m Recovery?



Case Study Sites




Felton Fen

A Conflict in Natural Resources
Management.




Background

m In 1959 mining started on a state trust
fund parcel under a State of Minnesota
lease.
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Area of Conflict.

m Significant sand and gravel resources on
the site

m Rare calcareous fens
m High quality remnant native prairie



Premining Conditions

m Ground water
flow east to

west \
m Perpendicular [T /
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Site Studies

m DNR Waters hydrologic study
® DNR Minerals LCMR rotosonic study



DNR Waters Study

m Beginning 1995,
because of concerns
over the health of the
calcareous fens, DNR
Division of Waters
begins a hydrologic
investigation of the
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DNR Minerals Study

m LCMR funded rotosonic drilling to
evaluate mineral potential in unmined
areas of the site

m Coordinated with DNR Waters
geophysical work
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Hydraulic conductivity was estimated
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Modeling Efforts

m Computer modeling
— Geology too complex for existing models
— Failed to recreate existing conditions

m Traditional flow net modeling



Impacts

m \Water level decrease of 15 feet

m Increased gradient between pit and
county ditch to 100°/Mile

m \Water level decrease beneath the fen.
m Change In vegetation




Effects of Mining

m Radial flow along south
and west edge.

m Water level contours
pulled to the east.

m Removed a large
portion of the North Fen
recharge area.




Conceptual Model

m Fen fed by both

Figure 6: Conceptual Model of Ground Water Flow
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Mitigation Efforts

m Limit further mining on State Trust Fund
property

m Limit spatial extent of additional gravel pits

m Backfill portions of the State Trust Fund
pit



Summary

m Most heavily studied site
In northern Minnesota.

m Effects on local ground
water resources.

m Effects on calcareous
fens.

m Difficulty of managing
these areas.




