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1.0 EXECUTIVE SUMMARY

UNIMIN Minnesota Corporation (UNIMIN) currently operates an open-pit sand quarry
(referred to as the Hayes Mine) located on the east side of County Highway 23 near the
town of Ottawa, in Le Sueur County, Minnesota. The mine produces silica sand from the
Late Cambrian Jordan Sandstone. The sand is sold primarily to the oil and gas industry
as hydraulic fracture proppant sand (i.e., frac sand). UNIMIN’s proposed North Mine is
intended as a northern extension of their current Hayes Mine, with the start of mining in
this area planned for the later part of 2010. Depending on market conditions, the
proposed North Mine will extend the life of the Ottawa Plant until approximately 2046 or
2047. The permit request for the proposed North Mine encompasses approximately
1,015 acres located immediately to the northeast of the town of Ottawa. The proposed
open-pit mining will extend to an average depth of approximately 160 feet, and will
recover approximately the uppermost 60 feet of Jordan Sandstone material.

As part of the planning for the proposed North Mine, UNIMIN is required to provide Le
Sueur County with an Environmental Impact Statement (EIS) for the proposed North
Mine, including a hydrogeology report. Key elements of this hydrogeology report have
been incorporated into the EIS. Specific tables, figures, or appendix items that are
contained in this hydrogeology report that are referenced in the EIS are also included in
the EIS document.

The structural dip of the Jordan Sandstone in the project area is to the east/southeast at
approximately 10 to 15 feet/mile. The stratigraphic sequence in the proposed North Mine
area consists of approximately 60 to 80 feet (average of 70 feet) of Jordan Sandstone
resting on top of the Late Cambrian St. Lawrence Formation. The Jordan Sandstone is
overlain by a variable sequence of less than five feet to over 60 feet of Ordovician Oneota
Dolomite. The Blue Earth Clay does not appear to be present in the area of the proposed
North Mine. The remaining vertical section consists of 80 to 100 feet of Pleistocene
glacial/fluvial sand, glacial till, and alluvial terrace deposits.

Water levels in the northern portion of the proposed North Mine area, which currently
appear to be unaffected by dewatering at the Hayes Mine, range from 782 to 744 feet msl.
These water levels indicate a groundwater gradient ranging from approximately 0.002 to
0.0086 feet/foot to the west, with a steeper gradient closer to the Minnesota River. This
gradient supports the conclusion that the Minnesota River is the local groundwater
discharge point for the Jordan Aquifer and likely controls the flow pattern in the shallow
glacial/fluvial section.

Based on the aquifer pumping test completed as part of this project, the Jordan Aquifer
hydraulic conductivity is 30 feet/year, with an assumed storativity of 0.25, and a porosity
of 28 percent. The groundwater flow velocity in the Jordan Aquifer is estimated at
between 78 and 336 feet/year, depending on the local gradient. The Jordan Aquifer is
under unconfined conditions, and vertical downward leakage from the overlying
glacial/fluvial section is possible. However, these shallow sediments showed no
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evidence of reacting to the Jordan Sandstone aquifer pumping test or the pumping from a
nearby irrigation well.

The Tellijohn Landfill is located along the eastern side of the proposed North Mine area.
This landfill was operated from 1968 until 1993, and consists of a single un-lined cell that
occupies the former basin of a sand and gravel pit. According to the Minnesota Pollution
Control Agency (MPCA), the landfill has a footprint area of 27.5 acres, and contains
approximately 1,246,250 cubic yards of waste material. The landfill was closed in 1994,
and the MPCA assumed responsibility for the groundwater monitoring program and the
landfill gas monitoring and recovery system in 1997. In their 2006 Annual Report for the
Tellijohn Landfill, the MPCA assigned the Tellijohn Landfill a ranking of D, and a score
of 15. As stated in Section | of this report, the rank of D indicates that the “...landfill
currently poses no threat to public health or the environment and may meet current
MPCA closure standards.” However, due to the presence of several pre-existing wells
and historical data from the Tellijohn Landfill area, this site was identified by UNIMIN
as a focus area for study at the proposed North Mine. UNIMIN has installed 15
groundwater monitoring wells around the proposed North Mine and Tellijohn Landfill
area to supplement their current wells located around the Hayes Mine. These wells will
provide pre-mine background water level and water quality data, and will provide future
groundwater monitoring data.

The mine dewatering groundwater model results indicate an average pumping rate of
1,686 gpm over the total life of the proposed North Mine, with a full pumping rate range
of 1,537 gpm (in 2010) to 2,356 gpm (in 2033). The pumping rate in the Hayes Mine for
2007 is estimated by the model at 1,192 gpm. These pumping estimates compare
favorably to the average annual pumping rate of 1,560 gpm recorded in UNIMIN’s
Randall Mine in 2004 (during the last year of active dewatering and mining in this pit).
However, the range of predicted pumping rates for the current Hayes Mine and proposed
North Mine is significantly less than the actual 2007 average weekly pumping rate of
4,492 gpm recorded for the Hayes Mine. This discrepancy is thought to be due to
significant inputs to the Hayes Mine from North Pond recirculation, fracture flow in the
Jordan Aquifer, discharge at the mine face from the overlying glacial/fluvial section,
possible discharge along pit floor fractures from underlying hydrogeological units, and
precipitation. Because of this, the ability of the model to simulate current Jordan Aquifer
water levels in the mine area (not the combined pumping rate from all sources) was
determined as the best overall test for model calibration.

Pumping from the current Hayes Mine has induced approximately 45 to 50 feet of
drawdown in the Jordan Aquifer at the mine site, and approximately five feet of
drawdown in the vicinity of the Tellijohn Landfill located approximately 1.8 miles to the
north. The mine dewatering groundwater model predictions for 2007 closely match these
results, which indicates that the model is providing a representative simulation of Jordan
Aquifer water level conditions. Dewatering over the life of the proposed North Mine
may result in approximately 50 to 55 feet of Jordan Aquifer drawdown at the mine, and
five feet of drawdown could extend out approximately 2.0 to 2.3 miles from the active
mine area at any given time.
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A review of on-line well records available from the Minnesota Department of Health, as
well as those records maintained by UNIMIN, indicate that 70 wells are located within
and immediately adjacent to the five-foot Jordan Aquifer drawdown contour based on the
mine dewatering groundwater model. In addition, based on an aerial photograph review,
the location of structures near the proposed North Mine, and a drive-by survey, it is
assumed that an additional 81 wells may be located in this same area.

According to the mine dewatering groundwater model, there are 15 private wells located
within or near the five-foot Jordan Aquifer drawdown contour that could be impacted by
mine-related dewatering of the Jordan Aquifer. These wells are expected to experience
from less than five feet up to 40 feet of water level drawdown over the life of the
proposed North Mine, but of these wells, nine appear to have already experienced or will
soon experience their maximum water level drawdown as a result of mining and
dewatering from the Hayes Mine. The remaining six wells are expected to experience
maximum drawdown at some point over the period from 2011 through 2046. However,
in the absence of current water level and total well depth information for the 81
remaining assumed wells, it is uncertain how many of these wells will experience
significant drawdown as a result of future dewatering activities associated with the
proposed North Mine. Based on the results of the mine dewatering groundwater model,
and assuming that all of these wells are completed in the Jordan Aquifer, then <5 to 35
feet of water level drawdown can be expected at these assumed wells, with the maximum
drawdown already experienced or soon to be experienced at 20 of these assumed well
locations as a result of mining and dewatering from the Hayes Mine. It should be noted
that the 15 groundwater monitoring wells located adjacent to the Tellijohn Landfill that
are maintained by the MPCA are not represented in the above well totals since these
wells do not serve as water supply wells, are completed in the shallow alluvial terrace
and/or glacial till section, and are too numerous to be clearly shown in the mine
dewatering maps presented in this report. In addition, the 39 wells installed by UNIMIN
in the area around the Hayes Mine and proposed North Mine, along with the groundwater
monitoring well installed by the USGS at the Ottawa Fen, are not considered as part of
the potentially impacted subset of wells listed above since these wells are also not used as
water supply wells outside of UNIMIN.

Mine-related groundwater drawdown will likely dewater the contents and underlying
glacial/fluvial sediments beneath and immediately surrounding the Tellijohn Landfill,
which should remove any driving force for transportation of residual contamination from
the landfill. However, none of the contaminants in the groundwater at the landfill
currently exceed applicable regulatory limits. These concentrations have been dropping
over time and are expected to continue to do so in the future and should pose no threat to
the proposed North Mine.

An un-named and intermittent stream crosses a portion of the proposed North Mine area.
This stream is currently listed on the MDNR’s “public waters” inventory, and therefore,
is subject to protection under Minnesota Statute 103G.005, Subdivision 15, which applies
to “public waters” that have a drainage area of 2.0 square miles or more. Field
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observations suggest that this stream loses its flow to the shallow alluvial section before
reaching the mine area. As a result, the reach of this stream that does flow through the
proposed mine area does not appear to have a sufficient effective drainage area to support
a “public waters” designation and associated protection. Therefore, this stream may be
appropriate for removal, relocation, or remediation.

A calcareous fen wetlands plant community (Ottawa Fen) is located southeast of
UNIMIN’s former Randall Mine. While the Ottawa Fen area is not within the potentially
affected area of the proposed North Mine, and as such was not identified in the wetlands
search for the proposed North Mine, this wetlands area has been a focus of past
hydrogeological investigations at the UNIMIN site, and for continuity and completeness
is included as a focus area in this report. Historical water level data show that the Ottawa
Fen does not react to changes in Jordan Aquifer water levels, and suggest that perched
groundwater from the shallow glacial/fluvial section and/or Oneota Dolomite is the
primary groundwater source that may be supporting the Ottawa Fen. Groundwater
alkalinity data also demonstrate that the Jordan Aquifer does not appear to be a
contributing factor at the Ottawa Fen. Therefore, the Ottawa Fen cannot be impacted by
dewatering from the Jordan Aquifer at the current and proposed UNIMIN mine sites.
While there may be some effects on Jordan Aquifer water levels in the area of the Ottawa
Fen for some period during active mining, these effects will decrease to less than five feet
of drawdown after the existing Hayes Mine backfilling is complete and the focus of
dewatering moves north into the proposed North Mine area, and should have no impact
on the Ottawa Fen.

The effect of dewatering on groundwater seeps that may contribute flow to two off-site
wetlands areas (W6-07 and W7-07) is uncertain. These wetlands areas are located along
the Minnesota River adjacent to the proposed North Mine. It is expected that any effect
on the seeps associated with Jordan Aquifer dewatering at the proposed North Mine will
be resolved once mining is complete and the Jordan Aquifer recovers to background
conditions. Based on the historical results from the Randall Mine, it is expected that the
Jordan Aquifer will recover to pre-mine conditions within approximately one year
following the completion of dewatering at the proposed North Mine.

UNIMIN, in combination with the MPCA, conducted three groundwater monitoring
events at the Tellijohn Landfill area in 2007. In addition, UNIMIN completed a
groundwater monitoring event for the newly installed wells around the perimeter of the
proposed North Mine. The results from these wells generally indicate background
conditions around the mine area and organic compound contamination associated with
the landfill. However, the landfill contamination concentrations do not exceed applicable
regulatory levels. Nitrate contamination is also found in the vicinity of the landfill, but
this is associated with nearby agricultural activities.

The groundwater monitoring results obtained by UNIMIN during 2007, along with the
results from this hydrogeology report, indicate that the combination of MPCA and
UNIMIN groundwater monitoring wells appears to provide adequate groundwater
monitoring capacity at the Tellijohn Landfill and around the perimeter of the proposed
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North Mine under current conditions. As a result, no new groundwater investigation
tasks appear to be needed at this time. However, depending on future site conditions, the
need might arise for UNIMIN to review with the MPCA whether additional Jordan
Sandstone groundwater monitoring wells might be needed in the future along the
northern side of the landfill as groundwater drawdown associated with the proposed
North Mine develops to the north of the landfill.

Based on the results and conclusions discussed in this hydrogeology report, the following
recommendations are suggested: 1) It is recommended that UNIMIN continue its
groundwater monitoring program in the Tellijohn Landfill area in a manner (including
schedule and parameter list) that is consistent with the MPCA’s monitoring requirements
at the landfill; 2) It is recommended that UNIMIN continue its perimeter groundwater
monitoring program around the proposed North Mine in a manner (including schedule
and parameter list) that is consistent with its current Hayes Mine monitoring requirements
until the permit requirements for the proposed North Mine are established; 3) It is
recommended that aquifer pumping test well MWO07-15 be sampled along with the other
landfill area wells during 2008 to provide a comparison to nearby shallow Jordan
Sandstone well MWO07-04 and deep Jordan Sandstone well MWO07-06 to help evaluate
the organic compound concentrations found at MWO07-04; and 4) Depending on future
site conditions at the Tellijohn Landfill, UNIMIN may need to consult with the MPCA
regarding the installation of two groundwater monitoring wells (one each in the upper
and lower Jordan Sandstone) along the northern side of the landfill. It should be noted
that according to MPCA records, Tellijohn Landfill area well 129201 and the nearby
Tellijohn north irrigation well (located to the east of the landfill area) have the same well
ID numbers. This is in all likelihood a clerical error that can be resolved by the MPCA as
part of their review of this report and the EIS.

06-119 North Mine Hydrogeology = .
Report Text (V10).doc 1.5 Weegar-Eide & Associates, LLC



2.0 BACKGROUND INFORMATION

2.1 Purpose and Scope

As part of the planning for the proposed North Mine, UNIMIN Minnesota Corporation
(UNIMIN) is required to provide Le Sueur County with an Environmental Impact
Statement (EIS). Bolton & Menk, Inc. (BMI) of Mankato, Minnesota has been
contracted to complete the EIS, and BMI has contracted Weegar-Eide & Associates, LLC
(Weegar-Eide) of Austin, Texas to prepare a hydrogeology report for the proposed North
Mine area as part of the EIS. Key elements of this hydrogeology report have been
incorporated into the EIS. Specific tables, figures, or appendix items that are contained
in this hydrogeology report that are referenced in the EIS are also included in the EIS
document. The following report provides a detailed discussion regarding the methods
used, and the results, conclusions, and recommendations derived during the preparation
of this hydrogeology report.

2.2 Current and Historical Mining Operations

UNIMIN currently operates an open-pit sand quarry (referred to as the Hayes Mine)
located on the east side of County Highway 23 near the town of Ottawa, in Le Sueur
County, Minnesota (Figure 1). The mine produces silica sand from the Late Cambrian
Jordan Sandstone. The sand is sold primarily to the oil and gas industry as hydraulic
fracture proppant sand (i.e., frac sand).

The Hayes Mine began operation in 2000, and essentially served as the northern
extension of the previous Randall Mine, which was active from 1993 to 2000 (Figure 2).
Sandstone recovery operations in the Hayes Mine will be complete in 2010, while
backfilling and reclamation operations in this area will continue after 2010.

Previous open-pit mining operations were conducted to the west of the Randall Mine and
Hayes Mine, between Le Sueur County Highway 23 and the Minnesota River (Figure 2).
These mine areas, referred to in Figure 2 as the Original Mine and the Hayes West Mine
were operated by Gopher State Mining (Original Mine) during the early 1900s, and by
UNISIL/UNIMIN (Hayes West Mine) from the early 1980s until immediately prior to the
opening of the Randall Mine in 1993.

2.3 Proposed Mining Operations

UNIMIN’s proposed North Mine is intended as a northern extension of their current
mining operations in the Hayes Mine. The start of mining in the proposed North Mine is
planned for the later part of 2010. Depending on market conditions, the proposed North
Mine will extend the life of the Ottawa Plant until approximately 2046 or 2047.

The permit request for the proposed North Mine encompasses approximately 1,015 acres,
and is located along and on either side of the current route of Le Sueur County Highway
36, and north of Le Sueur County Highway 23, immediately to the northeast of the town

06-119 North Mine Hydrogeology = .
Report Text (V10).doc 21 Weegar-Eide & Associates, LLC



of Ottawa (Figure 1). The proposed open-pit mining will extend to an average depth of
approximately 160 feet, and will recover approximately the uppermost 60 feet of Jordan
Sandstone material. However, due to the presence of the proposed mine site on the
immediate eastern bank of the Minnesota River, the thickness of overburden that will
have to be removed increases from approximately 70 feet to over 140 feet from the west
to the east sides of the mine area as the mine advances into sequentially higher river
terrace levels and as the top of the Jordan Sandstone dips off to the east/southeast.
UNIMIN has installed groundwater monitoring wells around the proposed North Mine
(as a supplement the current wells located around the Hayes Mine) to provide pre-mine
background water level and water quality data, and to provide future monitoring data as
the proposed North Mine is developed.

2.4  Tellijohn Landfill

The Tellijohn Landfill is located along the eastern side of the proposed North Mine area
(Figure 2). This landfill was operated from March of 1968 until October of 1993, and
consists of a single un-lined cell that occupies the former basin of a sand and gravel pit.
Based on the depth of the exposed sand and gravel pit located immediately north of the
Tellijohn Landfill, the depth of the landfill is estimated at 25 feet, with an assumed
bottom elevation of approximately 845 relative to mean sea level (msl). According to the
Minnesota Pollution Control Agency (MPCA), the landfill has a footprint area of 27.5
acres, and contains approximately 1,246,250 cubic yards of waste material (MPCA,
2007).

Closure of the Tellijohn Landfill was completed in November of 1994. This closure
process included the installation of 15 groundwater monitoring wells, four active landfill
gas (LFG) extraction wells (that are piped to a flare system) and 12 passive vent wells,
along with the construction of a cap system consisting of two feet of clay, 1.5 feet of
drainage and rooting material, and 0.5 feet of topsoil. The MPCA assumed responsibility
for the Tellijohn Landfill in 1997, and manages the operation and maintenance of the
LFG system and coordinates the groundwater monitoring program for the landfill area.
All groundwater monitoring well, gas extraction/vent wells, and gas probe points are
shown in Appendix A (page Appendix A-1) of this report.

The MPCA upgraded the LFG system at the Tellijohn Landfill in 2002. This upgrade
included the conversion of the 12 passive vent wells to active extraction wells. The
discharge from these newly activated wells was piped into the existing collection system,
and a new vacuum and flare system was installed. Repairs to the landfill cap were also
completed in 2002 as part of the landfill upgrade. The MPCA has historical water level
and groundwater quality data for specific landfill wells dating back to 1989, and has
landfill vent system data going back to 1994. In their 2006 Annual Report for the
Tellijohn Landfill (dated April 30, 2007), the MPCA assigned the Tellijohn Landfill a
ranking of D, and a score of 15. As stated in Section | of the report “The rank of D
indicates that this landfill currently poses no threat to public health or the environment
and may meet current MPCA closure standards.” (MPCA, 2007).
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2.5 Surface Water and Wetlands Conditions

An un-named and intermittent stream (referred to in Figure 3 as a “Protected Waters”
feature) crosses a portion of the proposed North Mine area. This stream is currently
listed on the MDNR’s “public waters” inventory, and therefore, is subject to protection
under Minnesota Statute 103G.005, Subdivision 15, which applies to “public waters” that
have a drainage area of 2.0 square miles or more. However, due to the limited flow
characteristics of this stream, the effective drainage area of the reach of the stream that
crosses the proposed North Mine area is open to further hydrogeological analysis and is a
focus of this report. In addition, several on-site and off-site wetlands areas are contained
within the scope of the EIS for UNIMIN’s proposed North Mine (Figure 4). The possible
hydrogeological relationship between the Jordan Aquifer and these wetlands areas also
make them a focus of this report.

A calcareous fen wetlands plant community (Ottawa Fen) is located southeast of
UNIMIN’s former Randall Mine (see Figure 22 for approximate location of the fen area).
While the Ottawa Fen is not within the potentially affected area of the proposed North
Mine, and as such was not identified in the wetlands search for the proposed North Mine
(Figure 4), this area has been a focus of past hydrogeological investigations at the
UNIMIN site, and for continuity and completeness is included as a focus area in this
report.

The proposed North Mine will be located adjacent to the Tellijohn Landfill (Figure 2).
The northern advance of the proposed North Mine will bring it along the western and
northern edges of the Tellijohn Landfill during the time period from 2038 through 2043
(Figure 5). As a result of this close proximity of the proposed North Mine to the
Tellijohn Landfill, UNIMIN has incorporated the landfill area in their baseline data
acquisition plan for this mine hydrogeology report. This plan for the Tellijohn Landfill
area included the installation of seven groundwater monitoring wells (MWO07-01 through
MWO07-07) around the landfill in February and June of 2007 (Figure 6). As part of their
wider mine area data acquisition plan, UNIMIN installed seven groundwater monitoring
wells (MWO07-08 through MWO07-14) around the perimeter of the proposed North Mine
area (Figure 7). This work was completed in June of 2007. In addition, UNIMIN
installed (also in June of 2007) a dedicated aquifer pumping test well (MWQ7-15)
adjacent to landfill wells MWO07-04 (shallow) and MWO07-06 (deep). This well nest for
the aquifer pumping test provided well coverage in both the shallow and deep portions of
the Jordan Sandstone.
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3.0 METHODOLOGY

3.1 Investigation Strategy

Previous reports for UNIMIN’s Ottawa mine site were reviewed as part of the
preparation of this hydrogeology report for the proposed North Mine. In addition,
published public reports were also reviewed. These references are listed in Section 6.0 of
this report.

As shown in Figure 2, part of the footprint of the proposed North Mine will be located
adjacent to the Tellijohn Landfill. The northern advance of the proposed North Mine will
bring it along the western and northern edges of the Tellijohn Landfill during the time
period from 2038 through 2043 (Figure 5). As a result of this close proximity of the
proposed North Mine to the Tellijohn Landfill, UNIMIN has incorporated the landfill
area in their baseline data acquisition plan for this mine hydrogeology report. This plan
for the Tellijohn Landfill area included the installation of seven groundwater monitoring
wells (MWO07-01 through MWO07-07) around the landfill in February and June of 2007
(Figure 6). As part of their wider mine area data acquisition plan, UNIMIN installed
seven groundwater monitoring wells (MWO07-08 through MWO07-14) around the
perimeter of the proposed North Mine area (Figure 7). This work was completed in June
of 2007. In addition, UNIMIN installed (also in June of 2007) a dedicated aquifer
pumping test well (MWO07-15) adjacent to landfill wells MWQ7-04 (shallow) and MWOQ7-
06 (deep) (Figure 6). This well nest for the aquifer pumping test provided well coverage
in both the shallow and deep portions of the Jordan Sandstone.

The Jordan Sandstone well nest that was used for aquifer testing allowed the evaluation
of vertical groundwater gradients in the Jordan Aquifer, and in combination with the
MPCA’s wells at the landfill, allowed for the evaluation of possible vertical
concentration gradients associated with any monitored contaminants (particularly volatile
organic compounds - VOCs) released from the Tellijohn Landfill. The MPCA currently
has 15 wells in the landfill area that are monitored three times per year, generally in
April, July, and October of each year for standard groundwater parameters, metals, and
organic compounds (depending on the individual monitoring event). These wells
include: W-1, MW-101, MW-101P, MW-102, MW-102P, MW-103, MW-103P, MW-
104, MW-104A, MW-105, MW-108, MW-108P, MW-111, MW-117, and MW-118
(Figure 6). In addition, the MPCA’s monitoring program at the landfill includes the
office water supply well for a nearby active landfill (State ID No. 148627), and three
nearby residential wells (State Well ID Nos. 40W01001, 40W01002, and 129201). One
of these wells (State Well ID No. 40W01001) is no longer monitored, and the house once
located adjacent to the well has apparently been torn down to clear access for operations
at the nearby Johnson Aggregate sand/gravel pit. However, it should be noted that
according to MPCA records, well 129201 and the nearby Tellijohn north irrigation well
(located to the east of the landfill area) have the same well ID numbers (see Figure 6 for
all landfill area well locations). This is in all likelihood a clerical error that can be
resolved by the MPCA as part of their review of this report and the EIS.
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Based on the long history of water chemistry data at the Tellijohn Landfill area, UNIMIN
adopted the MPCA’s monitoring program for their newly installed wells at the landfill
(Figure 6), and implemented the MPCA’s most extensive list of parameters for each
monitoring event. In addition, UNIMIN has adopted their current permit requirements
for the Hayes Mine to establish the monitoring program for the seven newly installed
wells located around the perimeter of the proposed North Mine (Figure 7).

Due to the abundance of pre-existing wells located in the area of the Tellijohn Landfill,
the availability of historical water level and groundwater chemistry data in this area, and
because of the need to establish the groundwater contamination conditions in this area, it
was determined that the Tellijohn Landfill area would serve as the best overall site for
evaluating the hydrogeological characteristics of the proposed North Mine. These
investigation tasks included: 1) a Jordan Aquifer pumping test at nested well site MWO07-
04/MWO07-06/MWO07-15; 2) the collection of water level data from all wells in the
landfill area; and 3) groundwater sampling. The results of these investigation tasks were
used to establish the hydrogeological conceptual model for the proposed North Mine
area, as well as the input parameters for the mine dewatering groundwater model. These
results are discussed in detail in section 4.0 of this report.

3.2 Groundwater Monitoring Well Installation

UNIMIN installed seven groundwater monitoring wells (MWO07-01 through MWQ07-07)
around the Tellijohn Landfill in February and June of 2007 (Figure 6). UNIMIN also
installed seven groundwater monitoring wells (MWO07-08 through MWQ7-14) around the
perimeter of the proposed North Mine area (Figure 7). This work was completed in June
of 2007. In addition, UNIMIN installed (also in June of 2007) a dedicated aquifer
pumping test well (MWO07-15) adjacent to landfill wells MWQ7-04 (shallow) and MWQ7-
06 (deep), to create a well nest for the aquifer pumping test that provided well coverage
in both the shallow and deep portions of the Jordan Sandstone (Figures 6). With the
exception of aquifer pumping test well MWO07-15, all wells were constructed with 2-inch
inside diameter (ID), threaded carbon steel casing and up to 20 feet of 0.010-inch slotted
stainless steel screen. MWO07-15 was constructed using 6-inch ID threaded carbon steel
casing and 20 feet of 0.010-inch slotted stainless steel screen to allow the use of a larger
capacity pump during the aquifer test.

All wells were drilled and installed by Traut Wells of Waite Park, MN. The 2-inch ID
wells were drilled using the sonic method, and were installed through the drill string.
MWOQ7-15 was drilled using mud-rotary drilling methods. A cuttings log was prepared
by the driller. Table 1 provides a summary of the construction information for the 15
wells installed by UNIMIN for the hydrogeological investigation of the proposed North
Mine area. All wells were developed using the air-lifting method following installation
until relatively clear discharge was achieved. State Well Reports (including cuttings log)
for these wells are provided in Appendix B of this report. Field photographs, including
those of the well drilling operations, are provided in Appendix D of this report.
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3.3  Groundwater Monitoring

The MPCA'’s wells located at the Tellijohn Landfill were monitored in April, July, and
October of 2007 by Minnesota Valley Testing Laboratories, Inc. (MVTL) of New Ulm,
MN as part of the MPCA’s annual monitoring program. This monitoring program,
consisted of water level measurements and groundwater sampling, and included the
UNIMIN wells that were installed and available by the time each monitoring event was
conducted. In addition to the regularly scheduled groundwater monitoring program,
UNIMIN contracted MVTL to collect more frequent water level data from the landfill
area wells during the late summer and fall of 2007 to provide supplemental information
regarding relative water levels at the landfill, and the possible impact of a nearby
irrigation well (State ID No. 129201 located to the east of the landfill) on the water levels
in the landfill area (Figures 6). In addition, UNIMIN contracted MVTL to conduct
groundwater monitoring activities at the seven mine perimeter wells in November of
2007, along with landfill well locations MWO07-01, MWO07-02, and MWO07-04. Weegar-
Eide measured water levels in the Tellijohn Landfill wells while at the site for the aquifer
pumping test.

All groundwater level measurements were recorded to the nearest 0.01 of a foot using an
electronic water level meter. These measurements were recorded prior to well purging
and sampling. All wells were purged and sampled by MVTL using electrical submersible
pumps. The pump system was decontaminated in the field with a detergent/deionized
water solution and rinsed with deionized water prior to use at each well location.

As shown in the field data logs included with the analytical data reports provided in
Appendix C of this report, the field parameters consisting of pH, electrical conductivity
(EC), temperature, dissolved oxygen, and turbidity were recorded during the well purging
process. All sample containers were properly labeled in the field, and were immediately
stored on ice prior to hand-delivery by MVTL to their laboratory.

All water level data collected from the Tellijohn Landfill and proposed North Mine area
as part of this hydrogeology investigation are summarized in Table 2. The groundwater
sample results are summarized in Table 3. Water level data recorded by UNIMIN for the
Hayes Mine area are summarized in Table 4. Groundwater analytical data reports
(including completed chain-of-custody forms) are provided in Appendix C of this report.

3.4  Aquifer Pumping Test

An aquifer pumping test was conducted in July and August of 2007 at the MWO07-
04/MWOQ07-06/MWO07-15 well nest (Figures 6), using 6-inch diameter well MWO07-15 as
the pumping well. The aquifer test was conducted to obtain aquifer parameters for the
Jordan Aquifer to serve as representative input parameters for the mine dewatering
groundwater model. In addition, the pumping test was conducted to evaluate whether the
wells completed in the shallow glacial/fluvial section at the landfill are in hydraulic
communication with the Jordan Sandstone. The pumping test was conducted using an
electric submersible pump, pressure transducers, datalogger system, and totalizing flow
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meter. Field parameters of pH, conductivity, temperature, visual turbidity, and odor were
tracked during the aquifer pumping test to monitor for changing water quality conditions
that might indicate (along with the water level drawdown curves) whether any boundary
conditions had been encountered. All aquifer pumping test activities were supervised in
the field by Aaron G. Weegar, PG of Weegar-Eide. The test data were analyzed by
Matthew M. Uliana, Ph.D., PG under contract to Weegar-Eide. See Appendix D of this
report for field photographs, including the aquifer pumping test site.

A sustained pumping rate of 87 gallons per minute (gpm) was maintained for 22.7 hours
during the aquifer pumping test, which produced approximately 16 feet of drawdown in
the pumping well, and less than five feet of drawdown in the two monitoring wells (see
Figure 1 in Appendix E of this report for drawdown curves). Due to a generator failure at
the end of the planned pumping period, the drawdown portion of the test experienced an
un-scheduled termination, and the early time recovery test data were not recorded. In
addition, back-drainage of water down the drop-pipe associated with the un-scheduled
termination of the pumping test compromised the initial recovery data. However, the
drawdown test data from all three Jordan Aquifer wells were analyzable for aquifer
parameters of transmissivity (T), hydraulic conductivity (K), and storativity (S). See
Appendix E of this report for a more detailed discussion of the aquifer test and data
analysis.

Water level recovery conditions were monitored for 70.4 hours. During the recovery test,
a nearby irrigation well (see Figure 6 for well 129201 located to the east of the landfill)
was unexpectedly turned on, and the response in the aquifer test wells was monitored (see
Figure 2 in Appendix E of this report for the impact of the irrigation well on the aquifer
pumping test recovery curves). Yet despite this, sufficient recovery test data were
available to analyze the aquifer parameters of T and K prior to the start of pumping in the
irrigation well. See Appendix E of this report for a more detailed discussion of the
aquifer test and data analysis.

Shallow landfill wells MW-104 and MW-104P, which are located near the aquifer
pumping test site (Figures 6), were monitored during the aquifer testing program. These
wells did not react to drawdown in the Jordan Sandstone. In addition, none of the
shallow wells in the landfill area reacted to pumping at the irrigation well.

3.5 Un-Named Stream Field Investigation

A site inspection was conducted on April 1, 2007 by Aaron G. Weegar, PG of Weegar-
Eide to evaluate the potential hydrogeological relationship between the un-named stream
system and the Jordan Sandstone (see Figure 3 for stream location). The site inspection
consisted of walking the stream channel and photographing stream features and
conditions. A detailed discussion of the site inspection is provided in Section 4.0 of this
report. Field photographs of this stream area are provided in Appendix F of this report.
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3.6  Site Surveying

The 15 newly installed wells located in the Tellijohn Landfill and proposed North Mine
perimeter were surveyed by UNIMIN using GPS equipment. These well locations were
later re-surveyed by BMI as a quality check. The site survey data recorded by BMI are
provided in Appendix G of this report.

3.7 Health and Safety

All project field work was completed using modified Level D personal protective
equipment (PPE), including: hard hat, safety glasses, steel-toed boots, standard work
gloves with Latex gloves inside, and ear plugs. At least one cell telephone was
maintained at the site at all times to contact UNIMIN and/or 911 in the event of an
illness, injury, or site emergency. All produced liquid materials (e.g., drilling mud,
decontamination fluid, purge water, and well development fluids) were discharged at the
surface at the site based on the approval of the MPCA and MDNR. All solid waste
materials were disposed in a trash dumpster located near UNIMIN’s mine site office. No
health and safety issues were encountered during the project.

3.8  Mine Dewatering Groundwater Model

The mine dewatering groundwater model for the proposed North Mine employs the
MODFLOW finite-difference numerical modeling software using the Graphic
Groundwater pre-processing and post-processing application. MODFLOW is a
computer-based numerical modeling software package, which was originally developed
by the United States Geological Survey (USGS), and uses a regular-shaped grid domain
to calculate groundwater head values based on specific input parameters. Graphic
Groundwater assists in the input of data and the output of results.

The excavation and back-filling plans for the current Hayes Mine and proposed North
Mine cover 41 years (including 2006 and 2007), and include a sequence of excavation
based on 32 1- or 2-year increments and a separate sequence of backfilling of excavated
areas also in 1- or 2- year increments. Based on this plan provided by UNIMIN, the
model was divided into 33 stress periods. Stress period 1 represents a 5-year pre-mine
stabilization period used to establish initial static heads in the aquifer. These initial heads
were used to calculate drawdowns. The remaining periods represent the sequence of
excavation and backfilling. The model was designated as a transient model (as opposed
to a steady-state model) to accurately simulate the time-dependent nature of the mine
progression plan. Based on a transient model construction, the different aquifer stress
periods can be assigned and integrated into the simulation. See Appendix H of this report
for more details regarding the model construction.

MODFLOW uses a finite-difference approximation of the 3-D transient groundwater
flow equation. The finite-difference approximations of the differential equation for
groundwater flow are solved iteratively using a strongly implicit numerical method to
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ensure stability, and 0.01 percent convergence criteria for accuracy and precision. In
addition, the calculation method was allowed a maximum of 1,000 iterations per time
step to ensure convergence, although fewer than 100 iterations were required for any
specific time step when the model was executed.

The model domain consists of a single 70-foot thick layer discretized into a grid of 200
columns and 300 rows with grid lines placed on a spacing of 200 feet. The resulting
model domain is defined by 60,000 individual cells in which the groundwater flow and
transport equations are solved during each simulation. The model domain size was
selected to ensure that the upstream and transverse boundaries would have minimal
impact on the simulated mining operation and local hydrology. This layer was specified
as an unconfined aquifer condition.

The aquifer parameters yielded from the aquifer pumping test were used as inputs for the
mine dewatering groundwater model.  These parameters include: 1) hydraulic
conductivity of 30feet/day; and 2) a storativity value of 0.25. In addition, the model
assumed: 1) a single Jordan Sandstone thickness value of 70 feet; 2) a uniform Jordan
Sandstone mine bench of 720 feet msl in the Hayes Mine and 725 feet msl in the
proposed North Mine; 3) the upgradient (eastern) edge of the model domain was assigned
a constant head value of 930 feet msl based on model calibration (note that this value
matches favorably with background water levels); 4) the downgradient (western) edge of
the model domain was assigned a constant head value of 730 feet msl based on the
average stage of the Minnesota River; and 5) the northern and southern ends of the model
domain were specified as no-flow boundaries that have no impact on the model. The
model assumes that all mine cells are opened instantaneously and must be dewatered to
the mine bench level during the year period specified in UNIMIN’s proposed mine plan,
and are also backfilled instantaneously at the beginning of each year in accordance with
UNIMIN’s proposed backfilling plan. See Appendix H of this report for more details
regarding the model construction.
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4.0 RESULTS AND CONCLUSIONS

4.1 Regional Geology and Hydrogeology

Structural Geology and Stratigraphy

As shown in Figure 8, the proposed North Mine is located on the western edge of a low-
relief, south/southeast plunging syncline (Rongstad and Vogel, 1991). This syncline
structure is associated with the Hollandale Embayment, which developed during the Late
Precambrian as a regional continental crustal adjustment along pre-existing fault systems
following the failure of the Midcontinent Rift (Austin, 1972). This rifting event has been
compared to the modern East African Rift system, with a classic triple-junction point
located near what is now Lake Superior, and is thought to have resulted from uplifting
and rifting associated with a mantle plume rather than the development of tensional
forces behind a continental plate collision zone (Van Schmus and Hinze, 1985). The
rifting event that produced the Hollandale Embayment failed prior to the creation of new
oceanic crust. However, a broad, shallow epicontinental sea formed in the rift arm that
extended through the study area. This embayment is bounded to the west by the
Transcontinental Arch and to the east by the Wisconsin Arch.

The structural dip and plunge of the Jordan Sandstone in the project area are to the
east/southeast at approximately 10 to 15 feet per mile, and to the southeast at
approximately 40 feet per mile, respectively (Figure 8). The Transcontinental Arch was
exposed during the Cambrian and is believed to be part of the source area for a significant
portion of the clastic sediments that have been contributed to the Hollandale Embayment
within the study area of Le Sueur County, including the Jordan Sandstone (Austin, 1972).
This source area included the Sioux Quartzite Ridge region of present-day South Dakota.
The thickness of the Cambrian sedimentary sequence (including the Jordan Sandstone) in
western Le Sueur County near the proposed North Mine site thickens toward the axis of
the embayment and thins onto the flank of the Transcontinental Arch.

As shown in Figure 9, the Jordan Sandstone in Le Sueur County rests on top of the Late
Cambrian St. Lawrence Formation, and is considered a conformable contact (Austin,
1972). In the local area, the St. Lawrence Formation consists of approximately 60 feet of
off-shore marine dolomite, shale, and siltstone that can be interfingered with sandstone
(Braun, 1998). Based on bedrock valley exposures west of Mankato, the St. Lawrence
Formation consists of up to 75 feet of yellowish-gray to grayish-orange-pink dense to
finely crystalline and silty dolomite (Mossler, 2003). The upper portion of the formation
may consist of greenish-gray siltstone and the lower section may be glauconitic and rests
conformably on top of the Late Cambrian Franconia Formation (Mossler, 2003). Surface
exposures of the St. Lawrence Formation indicate the presence of solution features
associated with karst weathering and a network of small-scale cavities that may serve as
groundwater flow conduits (Mossler, 2003). The Paleozoic section in the Mankato area,
similar to that in Le Sueur County, is covered by an extensive sequence of younger
Pleistocene through Holocene glacial and alluvial sediments. However, the buried
paleotopographic surface expression of the Paleozoic sediments records the development
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of a pre-Pleistocene drainage pattern. As indicated in Figure 9, the St. Lawrence is
considered a regional confining layer beneath the Jordan Sandstone.

Based on drill log and core information provided by UNIMIN, the Jordan Sandstone
locally consists of a laterally continuous section of tan to white, fine-grained to very fine-
grained silica sandstone with an average thickness of 70 feet. These sediments were re-
worked in a near-shore, shallow marine environment with evidence of both tidal and
wave dominated bedding and sediment sorting (Tape, et.al, 2003). The Jordan Sandstone
is thought by many to record a period of marine regression where higher energy transport
and sorting of clastic material took place, and finer grained sediments were transported
farther into the embayment. Cross-bedding in the Jordan Sandstone is common within
the regional study area as well as at the UNIMIN mine site, which supports the
conclusion that a relatively high energy environment of deposition was present locally
during Jordan Sandstone sedimentation. The Jordan Sandstone is locally subdivided into
the coarser-grained Van Oser Member and the underlying and finer-grained Norwalk
Member.

The Jordan Sandstone has an irregular upper contact with the overlying Ordovician
Oneota Dolomite in Le Sueur County. This contact is thought to be unconformable
(Runkel, 1994) and records a period of Jordan Sandstone exposure and erosion followed
by carbonate deposition in a deepening basin that was relatively free of clastic material
due to the prior erosion of highland areas around the margin of the Hollandale
Embayment (Austin, 1972). Based on drill log and core information provided by
UNIMIN, the Oneota Dolomite is less than 50 feet thick in the mine area, is yellowish-
tan to brown in color, and is highly fractured (see field photographs in Appendix D of
this report for local view of the Oneota Dolomite). The Oneota Dolomite represents the
basal member of the Prairie du Chien Group, which is regionally combined with the
Jordan Sandstone as part of a single aquifer system.

A thin layer of Blue Earth Clay (typically less than 10 feet thick) may be present in
isolated portions of the regional study area along the contact between the overlying
Oneota Dolomite and underlying Jordan Sandstone (Rongstad and Vogel, 1991). The
origin of this shale sequence is uncertain, but may be a weathering product of the Oneota
Dolomite/Jordan Sandstone contact zone or a transitional sequence between these two
formations. Based on drill log and core information provided by UNIMIN, the Blue
Earth Clay does not appear to be present in the area of the proposed North Mine.

Shallow and Surface Geology

Figure 10 illustrates the bedrock topography in Le Sueur County. Similar to what is
found to the south near Mankato (Mossler, 2003), the shallow glacial and alluvial
sediments cover a paleotopographic surface that was etched by stream systems prior to
the start of glaciation in southern Minnesota approximately two million years ago. This
paleotopographic surface was likely modified by glacial erosion. In addition, as shown in
Figure 11, the proposed North Mine is located in what appears to be a broad meander
bend of Quaternary Terrace Sand deposits. These sediments were likely deposited by the
River Warren during episodes of heavy to catastrophic outwash through breaches in ice
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dams that formed Glacial Lake Agassiz approximately 10,000 to 12,000 years ago during
the final retreat of Wisconsin glaciation. These flood events carved the modern
Minnesota River valley and may have further modified the pre-glacial paleotopography
along the margins of the river, including the area of the proposed North Mine.

As shown in Figure 9, the paleotopographic surface of the bedrock cuts into and in some
cases truncates the Jordan Sandstone within Le Sueur County. This is consistent with
what is shown in mine area cross-sections A-A’ (Figure 12) and B-B’ (Figure 13), where
bedrock valley features locally dissect the Jordan Sandstone (see Figure 7 for mine area
cross-section locations). These valley areas appear to be filled with pre-glacial alluvial
sediments that either precede River Warren sedimentation or record an episode of River
Warren outwash and sedimentation followed by a glacial advance and retreat event, and
then the deposition of an upper terrace of what is almost certainly River Warren alluvial
sediments. As shown in Figure 11, the modern Minnesota River occupies a small portion
of the valley cut by the River Warren (as indicated by the relatively narrow ribbon of
Quaternary Alluvium running through the broader river valley), and appears as a classic
under-fit stream system. The shallow sediments in the area of the proposed North Mine
consist of a basal section of tan alluvial sand resting immediately on top of the Jordan
Sandstone or Oneota Dolomite, a shallower section of gray glacial till, and a surface layer
of tan and brown alluvial terrace sediments (Figures 12 and 13). See field photographs in
Appendix D of this report for a local view of the glacial/fluvial section.

4.2 North Mine and Tellijohn Landfill Area Geology and Hydrogeology

Stratigraphy

Geological cross-sections for the proposed North Mine area were prepared by UNIMIN
based on drill log and core information collected from the site. As shown in mine area
cross-sections A - A’ and B - B’ (Figures 12 and 13, respectively), the stratigraphic
sequence in the proposed North Mine area consists of approximately 60 to 80 feet
(average of 70 feet) of Jordan Sandstone resting on top of the St. Lawrence Formation.
The Jordan Sandstone is overlain by a variable sequence of less than five feet to over 60
feet of Oneota Dolomite. The Blue Earth Clay does not appear to be present in the area
of the proposed North Mine. The remaining vertical section consists of 80 to 100 feet of
glacial/fluvial sand, glacial till, and alluvial terrace deposits. See Figure 7 for mine area
cross-section locations.

Hydrogeology

Due to the density and diversity of groundwater monitoring wells located at the Tellijohn
Landfill, this area was chosen as the key study area to establish the hydrogeological
conceptual model for the proposed North Mine. Cross-Section C - C” (Figure 14) was
prepared based on the boring logs and core information from the MPCA and UNIMIN
boreholes and wells drilled in this area (see Figure 6 for landfill area cross-section
location). As shown in Figure 14, the stratigraphic sequence in the Tellijohn Landfill is
consistent with the overall stratigraphic section in the proposed North Mine area (see
Figures 12 and 13). This cross-section runs along the northern side of the landfill, through
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the Jordan Sandstone pumping test site, and includes the wells that currently indicate the
highest organic compound groundwater contamination concentrations at the site.

A bedrock valley cuts through the Jordan Sandstone along the eastern margin of the
Tellijohn Landfill (Figure 14). This channel is in-filled with approximately 60 feet of
alluvial sand/gravel, approximately 110 feet of overlying glacial till, and is capped with
approximately 25 feet of alluvial terrace sand and clay. The presence of the till on top of
the basal alluvial fill material within this bedrock valley confirms that the channel was
cut and at least partially filled prior to the final retreat of the Des Moines lobe of
Wisconsin glaciation in southern Minnesota, which occurred approximately 10,000 to
12,000 years ago. This suggests that the alluvial sand/gravel fill material in the channel
was either deposited by pre-glacial alluvial processes, or by an episode of River Warren
outwash that preceded the final advance and retreat of glaciation through the area. In
addition, the River Warren could have modified this pre-existing paleotopographic
feature during one or more glacial outwash events as it cut the modern Minnesota River
valley. The top cap of alluvial sediment above the glacial till likely indicates a final
phase of alluvial terrace deposition associated with the River Warren.

The modern Minnesota River occupies a much smaller portion of the available river
channel created by the River Warren (Figure 11), and is a classic under-fit stream system.
Based on the relative elevation of the Minnesota River valley below 735 feet msl in the
area of the proposed North Mine (see Figure 7), and considering the relative elevation of
approximately 770 feet msl at the top of the Jordan Sandstone near the edge of the
Minnesota River (see Figures 12 and 13), the Minnesota River channel has locally incised
into the Jordan Sandstone, and its alluvium is most likely in direct hydraulic contact with
the Jordan Sandstone.

Background Water Levels

Water level data recorded by UNIMIN were reviewed as part of this project. Depending
on the specific well, these data span the time period from 1996 to the present time (see
Table 4 for historical mine area water level data). The water level data from September
20 and 23, 2007 are posted on Figure 15. This was the last water level monitoring event
that was available prior to the preparation and calibration of the mine dewatering
groundwater model. As shown in Figure 15, in the absence of groundwater withdrawal
from the Hayes Mine, the background hydraulic gradient in the Jordan Aquifer is to the
west toward the Minnesota River. Since the regional flow gradient in the Jordan Aquifer
in southern and eastern Minnesota is to the east and southeast toward the Mississippi
River (Olcott, 1992), this gradient in the mine area confirms that the Minnesota River is
the local discharge point for the aquifer. Water levels in the northern part of the proposed
North Mine area, which currently appear to be unaffected by dewatering at the Hayes
Mine, range from 781.8 feet msl at MWQ7-09 to 744.0 at MWO07-14. This indicates a
groundwater gradient of approximately 0.0086 feet/foot to the west.

Tellijohn Landfill Area Water L evels
The MPCA'’s wells located at the Tellijohn Landfill were monitored in April, July, and
October of 2007 by MVTL as part of the MPCA’s annual monitoring program. This
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monitoring program consisted of water level measurements and groundwater sampling,
and included the UNIMIN wells that were installed and available by the time each
monitoring event was conducted. In addition to the regularly scheduled groundwater
monitoring program, UNIMIN contracted MVTL to collect more frequent water level
data from the landfill area wells to provide supplemental information regarding relative
water levels at the landfill, and the possible impact of a nearby irrigation well (State 1D
No. 129201 located to the east of the landfill) on the water levels in the landfill area
(Figures 6 and 14). The water level data for the Tellijohn Landfill area and surrounding
North Mine monitoring wells are summarized in Table 2.

All water levels in the landfill area recorded on 10/24/07, regardless of the specific water-
bearing unit represented, are posted on Figure 16. These water levels suggest significant
variability in the area, particularly in the glacial/fluvial section overlying the Jordan
Sandstone (see Figure 14 for cross-sectional view of the landfill area water level data).
However, through inspection of the historical water level data for the landfill area
summarized in Table 2, and by using the relatively uniform water levels in the Jordan
Sandstone (Figure 15) as a general guide regarding local discharge features (and the
resulting flow gradient direction), the groundwater conditions in the landfill area can be
resolved.

Background water levels in the Jordan Sandstone range from approximately 80 to 100
feet below ground level (bgl) throughout the landfill area. As shown in Figure 17A, the
Jordan Aquifer water level elevation ranges from approximately 775.5 feet msl at well
location MWO07-02 to 772.7 feet msl at the MWO07-05/07 well nest. The Jordan
Sandstone groundwater gradient in the landfill area is to the west/southwest at
approximately 0.002 feet/foot. This gradient is roughly one quarter of the background
gradient of 0.0086 feet/foot calculated across the entire northern portion of the proposed
North Mine area (as discussed above). This difference in groundwater gradient is
explained by the fact that the gradient in the Jordan Aquifer steepens near the Minnesota
River (Figure 15), as compared to the relatively flat gradient near the Tellijohn Landfill,
which is farther away from the river. The steepening of the gradient near the river is
included in the average gradient calculation of 0.0085 feet/foot across the entire northern
portion of the proposed North Mine area, while the flatter portion of the gradient is
represented in the Tellijohn Landfill area gradient calculation of 0.002 feet/foot. In both
cases, the groundwater gradient represented in Figure 15 supports the conclusion that the
Minnesota River is the local discharge point for the Jordan Aquifer, and is likely the
primary factor that controls the local flow gradient in the shallow glacial/fluvial section.
In addition, nested wells MWO07-04/MWQ7-06/MW07-15 and MWO07-05/MWQ7-07
record essentially identical water level elevations, which indicate that no significant
vertical groundwater gradients are present in the local Jordan Aquifer.

As shown in Figure 15, the water level contours indicate that dewatering from the current
Hayes Mine has altered the gradient as far north as the northeastern edge of the Tellijohn
Landfill, or approximately 1.8 miles from the current northern edge of the Hayes Mine.
However, if we assume that the water levels near the northern edge of the proposed North
Mine are representative of background water level conditions, and if we assume that in
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the absence of dewatering from the Hayes Mine the water level contours would roughly
parallel topography along the Minnesota River Valley, then the water level data
illustrated in Figure 15 indicate that the Hayes Mine has induced approximately 45 to 50
feet of drawdown in the Jordan Aquifer at the mine site, and approximately five feet of
drawdown in the vicinity of the Tellijohn Landfill.

In contrast to the uniformity of water levels in the Jordan Sandstone, the wells completed
in the overlying glacial/fluvial sediments indicate water levels that are quite variable.
However, inspection of the historical water level data from the landfill area provided in
Appendix A (page Appendix A-2) of this report, suggests that three distinct “families” of
water levels are present in the landfill area. As shown in Figure 14, these water level
groups are determined by the depth of the wells, with the shallow group consisting of
those wells completed in the shallow terrace sand deposits, the intermediate group
consisting of the wells completed in the glacial till section, and the lower group
consisting of those wells completed in the glacial/fluvial sand section immediately above
the Oneota Dolomite.

The water levels for the shallow and intermediate groups of wells are illustrated in
Figures 17B and 17C (respectively), and indicate an undulating surface with a gradient
generally toward the west. However, the water level surface exhibited by the lower
group of wells (Figure 17D) is quite similar to that of the underlying Jordan Sandstone,
and suggests possible communication, perhaps through fractures and/or weathered
sections of the Oneota Dolomite, or through leakage along the bedrock valley located to
the east of the landfill, where the deeper section of glacial/fluvial sand appears to be in
direct contact with the Jordan Sandstone (Figure 14). The water level variability in the
glacial and alluvial section is likely due to perched and leaky aquifer conditions that react
differentially to recharge and discharge.

Shallow landfill wells MW-104 and MW-104P, which are located near the aquifer
pumping test site (Figures 6 and 14), did not react to drawdown in the Jordan Sandstone.
In addition, only the Jordan Sandstone wells and a well (MWO07-01) completed in the
sand/gravel material that fills the bedrock valley located to the east of the landfill reacted
to pumping from the nearby irrigation well (State ID No. 129201) that was coincidentally
started following the completion of the aquifer pumping test (see Figure 2 in Appendix E
of this report for the impact of the irrigation well on the aquifer pumping test wells). As
shown in Figure 14, this irrigation well is completed in the bedrock valley fill material.
The reaction of the water levels in only the Jordan Sandstone and bedrock valley well to
the pumping at the irrigation well demonstrates hydraulic communication between the
sand/gravel fill material in the bedrock valley and the Jordan Sandstone in the landfill
area, but further shows that the Jordan Sandstone is not in direct hydraulic
communication with the overlying alluvial and glacial sediments.

Tellijohn Landfill Area and North Mine Area Water Quality

The groundwater organic compound sample results collected in 2007 from the shallow
glacial/fluvial wells located at the Tellijohn Landfill indicate the presence of 1,4-
dichlorobenzene and ethyl ether at well MW-102P (located at the north side of landfill),
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1,4-dichlorobenzene and ethyl ether at wells MW-103 and MW-103P (located at the
southwest corner of the landfill), and ethyl ether at well MW-104 and
dichlorofluoromethane (Freon 21) and ethyl ether at well MW-104P (both located at the
northwest corner of the landfill) (Table 3). In addition, UNIMIN well MWOQ7-04, which
is completed in the uppermost 17 feet of the Jordan Sandstone and is located immediately
downgradient from shallow landfill wells MW-104 and MW-104P, indicates detectable
concentrations of 1,1-dichloroethane, dichlorofluoromethane (Freon 21), ethyl ether, and
tetrahydrofuran. These sample results taken as a whole demonstrate that despite the fact
that the water levels in the shallow wells in the landfill area appear to be perched above
those in the Jordan Sandstone, groundwater impact to the shallow groundwater system
from the landfill may reach the underlying Jordan Sandstone through vertical downward
leakage. This supports the conclusion that the Jordan Sandstone is under water table
conditions in the local area. However, well MWO07-06, which is completed immediately
adjacent to well MWO07-04, but was installed to near the base of the Jordan Sandstone at a
depth of 170 feet bgl, indicated no detectable concentrations of these organic compounds.
This suggests that the local impact of the landfill on the Jordan Sandstone is limited to the
uppermost portion of the formation.

Schoeller diagrams of the landfill area groundwater geochemical data (Appendix | of this
report) also indicate a difference between the Jordan Aquifer water quality and that in the
overlying glacial/fluvial section. This relationship is illustrated particularly well by the
comparison of the geochemistry in Jordan Sandstone wells MW07-04 and MWOQ7-06 to
nearby shallow wells MW-104 and MW-104A. This further supports the conclusion that
even though downward leakage from above is possible, the shallow section serves as a
separate hydrogeological unit from the Jordan Aquifer. In addition, the combination of
the different water levels in the shallow glacial/fluvial section compared to the Jordan
Sandstone well MWO07-04, the fact that the shallow glacial/fluvial wells did not react to
the pumping test in the Jordan Aquifer or the pumping from the irrigation well, and the
consistency of the groundwater data in MWOQ7-04 strongly suggests that the
contamination found in MWO07-04 is representative of downward groundwater movement
through the hydrogeological system from the overlying glacial/fluvial section, and not the
result of an improperly cemented well casing in MWO07-04.

Organic compounds have been detected in the groundwater at the Tellijohn Landfill since
the start of the MPCA’s monitoring program in 1989 (see Appendix A of this report for
historical data plots from the MPCA). These organic compounds are likely associated
with the disposal of solvents and/or adhesives in the landfill. Ethyl ether appears to be
the best overall indicator parameter for organic compound groundwater contamination
associated with the Tellijohn Landfill, and as shown in Figure 18, the distribution of ethyl
ether indicates a release from the northwestern portion of the landfill with limited
downgradient movement. However, as shown in Appendix A (pages Appendix A-3a and
A-3Db), the concentrations of all VOCs have dropped significantly since the landfill was
closed and capped in 1994 and the vapor vent and recovery system was placed in service.
None of these VOC concentrations currently exceed the applicable Minnesota Health
Risk Limit (HRL) values.
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Nitrate appears to be the primary indicator of inorganic contamination at the landfill site,
and as shown in Figure 18, the HRL of 10 mg/L is exceeded at several well locations.
However, the distribution of nitrates shown in Figure 18 does not indicate a release from
the landfill, but is consistent with the application of nitrogen-rich fertilizers on the pasture
located to the west of the Landfill. Manganese concentrations are also elevated above the
applicable HRL of 0.1 mg/L at several site wells, but this is true of Jordan Sandstone
wells that are located throughout the proposed North Mine area, and suggests naturally
elevated background concentrations of manganese. Inspection of the water quality data
summarized in Table 3 indicates that the wells completed around the perimeter of the
proposed North Mine generally indicate background concentrations of all analyzed
parameters.

4.3  Jordan Aquifer Hydraulic Parameters and Flow Velocity

Jordan Aquifer Hydraulic Parameters

An aquifer pumping test was conducted at the MWO07-04/MWO07-06/MWO07-15 well nest
(Figures 6 and 14), using 6-inch diameter well MWQ7-15 as the pumping well, to obtain
aquifer parameters for the Jordan Aquifer to serve as representative input parameters for
the mine dewatering groundwater model (see Appendix D of this report for field
photographs including the aquifer pumping test site). A sustained pumping rate of 87
gpm was maintained for 22.7 hours during the aquifer pumping test, which produced
approximately 16 feet of drawdown in the pumping well, and less than five feet of
drawdown in the two monitoring wells (see Figure 1 in Appendix E of this report for
drawdown curves). Due to a generator failure at the end of the planned pumping period,
the drawdown portion of the test experienced an un-scheduled termination, and the early
time recovery test data were not recorded. In addition, back-drainage of water down the
drop-pipe associated with the un-scheduled termination of the pumping test compromised
the initial recovery data. The drawdown test data from all three Jordan Aquifer wells
were analyzable for aquifer parameters of transmissivity (T), hydraulic conductivity (K),
and storativity (S). See Appendix E of this report for a more detailed discussion of the
aquifer test and data analysis.

Water level recovery conditions were monitored for 70.4 hours. During the recovery test,
a nearby irrigation well (see Figure 6 for well 129201 located to the east of the landfill)
was unexpectedly turned on, and the response in the aquifer test wells was monitored (see
Figure 2 in Appendix E of this report for recovery curves). Yet despite this, sufficient
recovery test data were available to analyze the observation well data for aquifer
parameters of T and K.

Shallow landfill wells MW-104 and MW-104P, which are located near the aquifer
pumping test site (Figures 6), were monitored during the aquifer testing program. These
wells did not react to drawdown in the Jordan Sandstone. In addition, none of the
shallow wells in the landfill area reacted to pumping at the irrigation well.

The drawdown test data and a portion of the recovery test data in the observation wells
were analyzable from the aquifer pumping test using the Moench Method for partially
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penetrating wells in unconfined aquifers, while the recovery data were analyzed using the
Theis Recovery Method (Moench, 1993). The pumping test results indicate a
transmissivity (T) value of 2,100 feet’/day, and a hydraulic conductivity (K) value of 30
feet/day based on an average aquifer thickness of 70 feet. This horizontal hydraulic
conductivity value is between 10 and 1000 times higher than the vertical hydraulic
conductivity yielded from Jordan Sandstone cores recovered from the Hayes Mine area
(Braun, 1998). This is expected since mineral grains tend to orient with their long axis
perpendicular to compaction stresses (in this case orienting in a horizontal direction), and
due to the presence of horizontal or angled bedding planes. Additional detail regarding
the aquifer pumping test and data analysis is provided in Appendix E of this report.

Due to the un-scheduled termination of the aquifer pumping test, a reliable value for
unconfined storativity (S) could not be resolved from the aquifer test data. As a result,
the storativity value of 0.25 used in prior groundwater modeling projects for UNIMIN’s
Randall Mine and Hayes Mine (Braun, 1998, Terra Dynamics, 2000, and Weegar-Eide,
2004) was assumed for this project.

Jordan Aquifer Flow Velocity

As summarized above, the calculated Jordan Aquifer hydraulic conductivity value is 30
feet/day. In addition, as stated previously, the calculated hydraulic gradient across the
entire northern portion of the proposed North Mine is 0.0086 feet/foot, and for the
Tellijohn Landfill area is 0.002 feet/foot. With an assumed aquifer porosity value of 28
percent (Terra Dynamics, 2000), the average groundwater flow velocity can be calculated
as follows:

V = K/n (dh/dl) (Domenico and Schwartz, 1990 (p. 57))

MWO07-02 to MWQ7-04 (Tellijohn Landfill Area):

dh/dl = 0.002 feet/foot
V  =(30 feet/day /0.28) (0.002) = 0.214 feet/day or 78 feet/year

MWOQ07-09 to MWO07-14 (North Mine Area Background):

dh/dl = 0.0086 feet/foot
V  =(30 feet/day /0.28) (0.0086) = 0.921 feet/day or 336 feet/year

4.4  Mine Dewatering Drawdown

Jordan Aquifer Drawdown

As summarized previously in Section 3.8 and Appendix H of this report, the mine
dewatering groundwater model for the proposed North Mine employs the MODFLOW
finite-difference numerical modeling software using the Graphic Groundwater pre-
processing and post-processing application. The model was designated as a transient
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model (as opposed to a steady-state model) to accurately simulate the time-dependent
nature of the mine progression plan provided by UNIMIN. The outline of the 32
proposed one or two-year mine sequences (or stress periods) area shown in Figures 19A
through 19H. Based on a transient model construction, the different aquifer stress
periods can be assigned and integrated into the simulation.

The aquifer parameters yielded from the aquifer pumping test were used as inputs for the
mine dewatering groundwater model.  These parameters include: 1) hydraulic
conductivity of 30feet/day; and 2) a storativity value of 0.25. In addition, the model
assumed: 1) a single Jordan Sandstone thickness value of 70 feet; 2) a uniform Jordan
Sandstone mine bench of 720 feet msl in the Hayes Mine and 725 feet msl in the
proposed North Mine; 3) the upgradient (eastern) edge of the model domain was assigned
a constant head value of 930 feet msl based on model calibration (note that this value
matches favorably with background water levels); 4) the downgradient (western) edge of
the model domain was assigned a constant head value of 730 feet msl based on the
average stage of the Minnesota River; and 5) the northern and southern ends of the model
domain were specified as no-flow boundaries that have no impact on the model. The
model assumes that all mine cells are opened instantaneously and must be dewatered to
the mine bench level during the year period specified in UNIMIN’s proposed mine plan,
and are also backfilled instantaneously at the beginning of each year in accordance with
UNIMIN’s proposed backfilling plan. See Appendix H of this report for more details
regarding the model construction.

The mine dewatering groundwater model results indicate an average pumping rate of
1,686 gpm over the total life of the proposed North Mine, with a full pumping rate range
of 1,537 gpm (in 2010) to 2,356 gpm (in 2033), and a pumping rate of 1,192 gpm for
2007 in the current Hayes Mine. These pumping estimates from the model compare
favorably to the average annual pumping rate of 1,560 gpm recorded in the Randall Mine
in 2004 during the last year of active dewatering in this mine. However, the range of
predicted pumping rates for the current Hayes Mine and proposed North Mine is
significantly less than the actual 2007 average weekly pumping rate of 4,492 gpm
recorded for the current Hayes Mine (UNIMIN, 2007).

This apparent model calibration error was analyzed in 2004 as part of an internal report to
UNIMIN (Weegar-Eide, 2004). At that time, UNIMIN recorded average weekly
pumping rates from the Hayes Mine of 5,018 gpm for the full year of 2004 (including
pumping rates as high as 10,240 gpm during May of 2004), which were significantly
higher than prior mine dewatering groundwater model predictions of 2,614 gpm for 2004
(Terra Dynamics, 2000). Because of this, UNIMIN requested a review of the prior mine
dewatering groundwater models and the development of a revised model to better
simulate current pumping conditions

During the 2004 model review (Weegar-Eide, 2004), additional field data were collected,
and UNIMIN documented substantial inflows into the Hayes Mine from several sources,
including: 1) up to 4,700 gpm from a set of washed-out fractures in the west high wall of
the Hayes Mine that appeared to be recirculating water through the Jordan Aquifer from

06-119 North Mine Hydrogeology e .
Report Text (V10).doc 4-10 Weegar-Eide & Associates, LLC



UNIMIN’s North Pond back into the Hayes Mine pit; 2) approximately 1,500 gpm from
fractures in the floor of the pit that could be yielding water from underlying
hydrogeological units; and 3) discharge from the mine face of groundwater from the
overlying glacial/fluvial section (see Appendix D of this report for field photographs).
Precipitation on the mine footprint was also considered as a possible component of the
additional mine dewatering discharge. The location of the North Pond is shown on
Figure 15 as the surface water body located to the west/southwest of monitoring well
MWO00-06. The revised mine dewatering groundwater model developed during this
project estimated that roughly 40 percent of the Jordan Aquifer water that was being
discharged to the Hayes Mine was from recirculation from the North Pond. In-flows
from the overlying glacial/fluvial section were not measured, but as shown in the field
photographs provided in Appendix D of this report, these inflows do contribute to the
overall pumping requirements in the Hayes Mine, and presumably will be a component of
the discharge from the proposed North Mine.

The revised groundwater model that was prepared as part of this 2004 project (Weegar-
Eide, 2004), simulated the impact of the North Pond, and resolved an estimated pumping
rate of 3,338 gpm for 2004. However, this updated pumping rate still did not reach the
actual average weekly pumping rate of 5,018 gpm in the Hayes Mine. As a result, it was
concluded that a Jordan Aquifer porous media flow model alone, in the absence of
additional inputs from other hydrogeological units or fracture flow conditions, could not
fully simulate the pumping requirements in the Hayes Mine, and it was recommended
that lowering the North Pond level and accelerating the mine back-filling plan along the
west face of the mine near the North Pond could help reduce inflows into the Hayes Mine
and return pumping rates back closer to the model predictions. These steps proved to be
successful in reducing the pumping rate in the Hayes Mine, but due to the uncertainty
regarding which source(s) of water were responsible for the discrepancy between actual
pumping rates and the model predictions, it was decided that for the purpose of this
hydrogeology report, the historical water levels, not historical pumping rates, should be
used as the best overall test of mine dewatering groundwater model calibration and the
resulting impact on surrounding water levels in the Jordan Aquifer. This is a reasonable
assumption since ultimately it is the mine bench elevation that controls water levels in the
aquifer. In addition, due to the lack of reliable data to estimate inputs from the North
Pond (now that backfilling along the Hayes Mine pit face adjacent to the North Pond has
been completed), or inputs from the overlying or underlying hydrogeological units, it was
decided that the current mine dewatering groundwater model should focus only on the
Jordan Aquifer as the source of groundwater to the proposed North Mine, which should
result in an over-estimate regarding drawdown in the Jordan Aquifer.

As shown in Figure 19A, the drawdown estimated at the end of 2010, which is similar but
slightly greater than what is currently being produced by the Hayes Mine, indicates
approximately five feet of drawdown in the Tellijohn Landfill area. The current water
level (Figure 15) indicates less than five feet of drawdown in this area. However, the
actual model results through the end of 2007 indicate approximately five feet of
drawdown in the landfill area. These results confirm that the model is producing
reasonable results, and if anything, may be over-predicting drawdown by up to five feet.
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If there is in fact an over-prediction of drawdown, it is likely caused by the contribution
of water that leaks downward into the Jordan Aquifer from the overlying glacial/fluvial
section, which was not included as part of the model simulation due to a lack of data to
characterize this condition.

The Jordan Aquifer drawdown induced by dewatering in the proposed North Mine is
illustrated for roughly five-year time steps from 2006 through 2010 for the currently
active Hayes Mine, through 2011 - 2046 for the proposed North Mine (see Figures 19A
through 19H). These drawdown maps show a maximum drawdown of approximately 50
to 55 feet as mining progresses sequentially to the north. The limit of significant
drawdown, as estimated by the five-foot contour line, extends out approximately 2.0 to
2.3 miles from the active mine area at any given time.

A list was compiled for those wells located within and immediately adjacent to the five-
foot Jordan Aquifer drawdown contour (Table 5). This list was based on: 1) the on-line
records available from the Minnesota Department of Health (MDH) (map ID nos. 1 - 34);
2) a combination of MDH records and records maintained by the UNIMIN regarding
their wells and the USGS well located at the Ottawa Fen (map ID nos. 35 - 67, 145, 150,
and 151); and 3) assumed wells (map ID nos. 68 - 144, and 146 - 149) based on the
results of an aerial photograph review, which was cross-referenced to the location of
structures near the proposed North Mine (shown in Figure 5.8-1 of the proposed North
Mine EIS document), compared to records maintained by UNIMIN, and confirmed as
reasonable locations for wells during a drive-by survey completed by Bolton & Menk,
Inc. on 04/17/09. According to MDH and UNIMIN records, 70 wells are located within
and immediately adjacent to the five-foot Jordan Aquifer drawdown contour indicated by
the mine dewatering groundwater model. In addition, 81 assumed wells may be located
in this same area (see Table 5 for well summary, and Figures 19A through 19H for well
locations).

According to the mine dewatering groundwater model, there are 15 private wells located
within or near the five-foot Jordan Aquifer drawdown contour that could be impacted by
mine-related dewatering of the Jordan Aquifer (see wells listed in Table 5 that are
designated as being completed in or in communication with the Jordan Aquifer - shaded
in blue). These wells are expected to experience from less than five feet up to 40 feet of
water level drawdown over the life of the proposed North Mine, but of these wells, nine
appear to have already experienced or will soon experience their maximum water level
drawdown as a result of mining and dewatering from the Hayes Mine. The remaining six
wells are expected to experience maximum drawdown at some point over the period from
2011 through 2046. However, in the absence of current water level and total well depth
information for the 81 remaining assumed wells, it is uncertain how many of these wells
will experience significant drawdown as a result of future dewatering activities associated
with the proposed North Mine. Based on the results of the mine dewatering groundwater
model, and assuming that all of these wells are completed in the Jordan Aquifer, then <5
to 35 feet of water level drawdown can be expected at these assumed wells, with the
maximum drawdown already experienced or soon to be experienced at 20 of these
assumed well locations as a result of mining and dewatering from the Hayes Mine. It
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should be noted that the 15 groundwater monitoring wells located adjacent to the
Tellijohn Landfill that are maintained by the MPCA (see Figure 6 for well locations) are
not represented in the above well totals since these wells do not serve as water supply
wells, are completed in the shallow alluvial terrace and/or glacial till section, and are too
numerous to be clearly shown in the mine dewatering maps (Figures 19A through 19H).
In addition, the 39 wells installed by UNIMIN in the area around the Hayes Mine and
proposed North Mine (including two office water supply wells - ID Nos. 150 and 151, 32
groundwater monitoring wells, and five former groundwater monitoring wells that have
been plugged), along with the groundwater monitoring well installed by the USGS at the
Ottawa Fen (ID No. 67), are not considered as part of the potentially impacted subset of
wells since these wells are also not used as water supply wells outside of UNIMIN.

Glacial/Fluvial Section Drawdown

Based on the field evidence and data collected for this and prior projects at the UNIMIN
mine site, some amount of groundwater drawdown in the glacial/fluvial section is
expected as a result of dewatering from the proposed North Mine. This should be
primarily from direct discharge to the mine face rather than significant vertical infiltration
(see field photographs in Appendix D of this report). Based on observations at the
current Hayes Mine, and the aquifer responses at the Tellijohn Landfill area, it is
uncertain how far out from the mine pit face any drawdown will extend into the shallow
glacial/fluvial section. However, any wells located within close proximity to the
proposed North Mine that are completed in these shallow sediments could experience
drawdown as a result of mining and dewatering.

As shown in Figures 19G and 19H, the groundwater model indicates that between 20 and
50 feet of drawdown will be induced in the Jordan Aquifer near the Tellijohn Landfill
between 2036 and 2046, when the mine makes its closest approach to the landfill. This
should ultimately draw water levels down substantially in the landfill area, which should
result in the dewatering of the landfill and the underlying and immediately surrounding
glacial/fluvial sediments. It is expected that this will effectively remove any remaining
driving force (i.e., lateral movement of groundwater through the landfill) that could
otherwise transport contamination from the landfill. Since the current groundwater
contamination concentrations associated with the landfill are less than the applicable
HRLs, it is not expected that the proposed North Mine dewatering operations will have
any adverse impact on the landfill, and may in fact help improve groundwater conditions
in and around the landfill.

45 Surface Water and Wetlands

Un-Named Stream

An un-named and intermittent stream (referred to in Figure 3 as a “Protected Waters”
feature) crosses a portion of the proposed North Mine area. This subject stream (Figure
20) is currently listed on the MDNR’s “public waters” inventory, and therefore, is subject
to protection under Minnesota Statute 103G.005, Subdivision 15, which applies to
“public waters” that have a drainage area of 2.0 square miles or more (Figure 21).
However, due to the limited flow characteristics of this stream, the effective drainage
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area of the reach of the stream that crosses the proposed North Mine area is open to
further hydrogeological analysis and is a focus of this report.

Based on the understanding of the surface and subsurface geology developed as part of
this project, the subject stream system appears to be a drainage landform that was
established after the retreat of the Des Moines lobe of Pleistocene glaciation, which
ended in southern Minnesota approximately 10,000 to 12,000 years ago. Typically, the
drainage features that exist today that have their origin during the last glacial period are
“underfit”, with broader and more extensive drainage channels and networks than would
be explained by modern flow requirements. This is because the melt-water outwash
present then, combined with the higher average precipitation rates that existed at the end
of Pleistocene glaciation, placed far greater demand on the drainage networks than is
required today to handle modern precipitation conditions. As a result, the modern
drainage systems may have little to do with current flow activity. A classic example of
this is the Minnesota River, which occupies a small portion of the pre-existing River
Warren valley (Figure 22).

As shown in Figure 22, the headwaters of the subject stream originate in an area of
glacial till and glacial lake deposits, and the subject stream extends through an area of
alluvial terrace deposits prior to reaching its discharge point at the Minnesota River. The
soil boring logs from recently installed groundwater monitoring wells MWO07-05 and
MWO07-08 (Appendix B), which are located nearest to and are essentially bracketing the
subject stream (Figure 22), indicate a lithologic and textural diversity of the sediments in
the subsurface, including nine feet of sand and gravel immediately below the top soil
layer at MWOQ7-05. These sand and gravel zones are interpreted to be relatively course-
grained alluvial terrace deposits that would likely allow for the rapid infiltration of
surface water to recharge the local shallow groundwater system. The existence of former
sand and gravel pits located immediately northeast and north of MWQ7-05 (including the
former Tellijohn Landfill), and the presence of a current sand and gravel pit to the west
and northwest of MWO07-05 (Figure 20) indicate that course-grained materials are present
at the surface or in the shallow subsurface throughout much of the local area.

Field photographs of the subject stream are provided in Appendix F of this report (see
Figure 23 for the location of these photographs). Photographs 1 through 13A were taken
on April 1, 2007 immediately following a 0.8-inch rainfall event. As shown in these
photographs, the flow along the subject stream drops off in a downstream direction, and
ceases to exist before the end point culvert at 380" Street is reached (noted as culvert no.
3 in Figure 23). Field photographs 14 through 17, which were taken on April 27, 2007,
indicate that there is no apparent stream erosion immediately upstream or downstream
from the end point culvert. In fact, field photograph 17 shows that the local farmer grows
row crops (without even the use of a no-till waterway to control stream erosion) through
what used to be the reach of stream located immediately downstream from the end point
culvert. This suggests that the flow from the headwaters of the subject stream is being
lost to groundwater recharge, and by the time the stream reaches the end point culvert, it
no longer constitutes a flowing surface water feature. Based on the water levels in nearby
Jordan Aquifer groundwater monitoring wells MW07-05 and MWO07-08 (approximately
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80 to 85 feet bgl), it can be determined that the Jordan Aquifer is not supporting stream
flow in the un-named stream, but depending on the local hydrogeology, the Jordan
Aquifer and overlying glacial/fluvial section may be receiving recharge from the un-
named stream (see Figure 22 for well locations).

Based on a statement (see Appendix K) from the farmer who has knowledge over the past
40 years of the field conditions at the end point culvert, water flow through the field from
the end point culvert has only been observed on an infrequent basis associated with rapid
snow melt events (when the ground is likely still frozen), and doesn’t appear to be
associated with downstream flow of the former stream system from its upstream
headwaters. According to local precipitation data since 1950 obtained by Bolton &
Menk, Inc. (BMI) (see Appendix L), the 40-year period observed by the local farmer
included two 10-year storm events (5.40 inches in August of 1993 and 4.60 inches in
June of 1996) and one 100-year storm event (8.62 in August of 1968). This suggests that
if stream flow along the subject stream associated with significant rainfall events were to
have occurred, the farmer would have knowledge of these events. As a result, it is likely
that the end point culvert can be used as a practical marker point to represent the
downstream limit of the former stream system, and the drainage area for the subject
stream system can now be divided into two separate areas: upstream and downstream of
the end point culvert as shown in Figure 21.

Based on work completed by BMI, the drainage area that feeds into the subject stream
system upstream of the end point culvert is 5.16 square miles, and the area downstream
of the end point culvert is 1.20 square miles (Figure 21). While the combined drainage
area of the existing course of the subject stream system is approximately 6.36 square
miles, which would suggest that it qualifies for protection from the MDNR based on a
minimum drainage area of 2.0 square miles, the field evidence suggests that the drainage
network of the subject stream was likely formed at the end of the last glacial period to
handle the drainage requirements at that time, and does not reflect modern conditions. In
fact, based on site observations, it is concluded that the upper reach of the subject stream
system (accounting for 5.16 square miles of its drainage area) loses its flow to
groundwater recharge and becomes dry before it reaches the proposed mine area, leaving
only the lower drainage area of 1.20 square miles to provide possible flow that could
enter the reach of the subject stream system that extends through the proposed North
Mine area. Since this drainage area is less than the threshold value of 2.0 square miles
required under Minn. Stat. 103G.005, subd. 15(a)(9) to warrant public waters status, the
subject stream that extends through the proposed North Mine area should be considered
for de-listing from the MDNR’s public waters inventory, or the MDNR should allow
UNIMIN to re-locate the subject stream or otherwise mitigate the effects of mining on the
stream.

Wetlands

Several on-site and off-site wetlands areas are contained within the scope of the EIS for
UNIMIN’s proposed North Mine (Figure 4). The possible hydrogeological relationship
between the Jordan Aquifer and these wetlands areas also make them a focus of this
report.
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As discussed in the previous sections of this report, the water level in the Jordan Aquifer
(e.g., approximately 80 to 100 feet bgl in the Tellijohn Landfill area and 35 to 100 feet
bgl throughout the entire area of the proposed North Mine, depending on the specific
groundwater monitoring well location - see Table 2) indicates that it is not the source of
water that supports the on-site wetlands, and therefore, mine-related dewatering of the
local Jordan Aquifer should have no impact on these wetlands. The only possible
exception to this might be the off-site wetlands located along and immediately adjacent to
the Minnesota River floodplain (W6-07 and W7-07).

As shown in Figure 19A through 19H, a drawdown of approximately five to 20 feet in
the Jordan Aquifer is forecast beneath portions of the off-site wetlands areas during
specific time periods over the evolution of the proposed North Mine. As a result, the
level and flow of groundwater seeps along the river valley bluff line located between the
river and the proposed North Mine will likely be effected by mine dewatering from the
Jordan Sandstone or direct discharge from the overlying glacial/fluvial section to the
mine face. However, as stated previously, the mine dewatering groundwater model likely
over-predicts drawdown in the Jordan Aquifer by approximately five feet. It is expected
that any effect on the seeps associated with Jordan Aquifer dewatering at the proposed
North Mine will be resolved once mining is complete and the Jordan Aquifer recovers to
background conditions. Based on the historical results from the Randall Mine (see Table
4 and Appendix J), it is expected that the Jordan Aquifer will recover to pre-mine
conditions within approximately one year following the completion of dewatering at the
proposed North Mine. It should be noted that any reduction in the water level of the
Jordan Aquifer beneath these off-site wetlands areas will not necessarily reduce the water
levels in the off-site wetlands on a permanent basis because of the seasonally available
source of surface water from the Minnesota River.

Calcareous Fen

Calcareous fen environments are thought to be rare wetland plant communities that
depend on a constant source of groundwater and/or surface water that is rich in calcium
and magnesium bicarbonates (and sometimes calcium and magnesium sulfates) to sustain
them (NPWRC, 2006). The calcium and magnesium bicarbonates and sulfates
precipitate out at the surface, creating a harsh, alkaline soil condition that only a select
group of calcium-tolerant plants (calciphiles) can tolerate (NPWRC, 2006). Characteristic
plant species that populate these wetlands environments include: shrubby cinquefoil,
sterile sedge, wild timothy, beaked spike-rush, Ohio goldenrod, common valerian, and
lesser fringed gentian (NPWRC, 2006). These plant communities are thought to be
similar in many ways to those plant populations that are found in tundra, alpine meadows,
and salt marshes (NPWRC, 2006), which are significantly different than what would
otherwise be found in the regional or local study area. These wetlands build a substantial
sequence of peat over time that helps to support the year-round saturation of the wetland.
While no calcareous fen wetlands environments have been identified near the proposed
North Mine (Figure 4), one such wetland (Ottawa Fen) has been identified to the
southeast of UNIMIN’s former Randall Mine (see Figure 22 for approximate location of
the Ottawa Fen area).
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The Ottawa Fen was the subject of previous investigation work conducted by UNIMIN
(Terra Dynamics, 1998). This investigation established that while the geochemistry of
the Ottawa Fen well samples and Jordan Aquifer well samples are similar, the alkalinity
and pH of the Ottawa Fen water is higher than that of the Jordan Aquifer, and the relative
head of the Jordan Aquifer is lower than that of the Ottawa Fen. This investigation
concluded that the Jordan Aquifer alone could not account for the presence of the Ottawa
Fen, and it was suggested that perched groundwater from the shallow glacial/fluvial
section and/or Oneota Dolomite might be the primary groundwater factor supporting the
Ottawa Fen, while the Jordan Aquifer might be serving as a possible secondary source of
water, particularly to the deeper portion of the Ottawa Fen, but could not explain the
overall water level conditions in the Ottawa Fen. A comparison to precipitation data
suggested that the apparent drop in water levels in the Ottawa Fen was likely associated
with reduced precipitation trends.

Subsequent water level data collected since 1998 have enabled the groundwater
conditions at the Ottawa Fen to be resolved. Hydrographs provided in Appendix J of this
report show that while Jordan Aquifer wells MW93-03 and MW93-04 have reacted to
mine dewatering in the Jordan Aquifer, MW93-05 (completed in the overlying and
perched Oneota Dolomite section) and Ottawa Fen well USGS-4(A) have remained
relatively constant over the period of record, at similar elevation levels, and have not
reacted to mine dewatering. This confirms the earlier conclusion from 1998 that if any
source of groundwater is supporting the Ottawa Fen, it is most likely to the perched zone,
but more clearly shows that the Jordan Aquifer does not appear to be a contributing factor
in the water level at the Ottawa Fen. In addition, as shown in the hydrographs in
Appendix J, and the current Jordan Aquifer water level map (Figure 15), the past impact
of mine dewatering on the water levels in the Jordan Aquifer near the Ottawa Fen appears
to have recovered substantially, and is currently at or near pre-mine conditions. As
shown in Figures 19A through 19H, the expected water level cone of depression
associated with the current Hayes Mine and proposed North Mine will continue to move
to the north away from the Ottawa Fen area in the future. However, as stated previously,
the mine dewatering groundwater model likely over-predicts drawdown in the Jordan
Aquifer by approximately five feet in the Tellijohn Landfill area, and potentially in the
Ottawa Fen area as well. So, while there may be some effects on Jordan Aquifer water
levels in the area of the Ottawa Fen for some period during active mining, these effects
will decrease to less than five feet of drawdown after the existing Hayes Mine backfilling
is complete and the focus of dewatering moves north into the proposed North Mine area,
and should have no impact on the Ottawa Fen.

As shown in Figure 22, the Ottawa Fen is located in an area of alluvial fan deposits that
have been shed from the adjacent topographic high areas and deposited at the base of the
bluff line. It is possible that the presence of such surficial material, which would likely
have a relatively high hydraulic conductivity, along with its rock chemistry and the
availability of a nearby and discharging perched groundwater source
(glacial/fluvial/Oneota Dolomite section), combine to influence the location, health, and
longevity of the Ottawa Fen.
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4.6  Adequacy of Groundwater Monitoring System

The areal distribution of monitoring points (Figure 6) and consistency of groundwater
data (Tables 2 and 3) indicate that the combination of MPCA and UNIMIN wells located
at the Tellijohn Landfill is able to monitor upgradient and downgradient groundwater
conditions throughout the entire hydrogeological section of concern to the project, from
the base of the Jordan Sandstone to the surficial terrace sand deposits (Figure 14). In
addition, the combination of new wells completed by UNIMIN in 2007 and previous
wells installed by UNIMIN fully surround the proposed North Mine area (Figure 15).
Therefore, based on the available data, the wells located at the Tellijohn Landfill and
around the perimeter of the proposed North Mine appear adequate to monitor current
conditions in these areas. However, as the groundwater cone-of-depression develops
throughout the life of the proposed North Mine, additional groundwater monitoring
capacity may be needed along the northern edge of the Tellijohn Landfill near exiting
MPCA monitoring wells MW-102 and MW-102P (Figure 6). The results from the mine
dewatering groundwater model suggest that this would not likely be an issue until
approximately 2042 when the focus of proposed mining and associated dewatering
advances to the northern side of the Tellijohn Landfill (Figure 19H). In such a case, the
contents of the landfill will likely already be dewatered and the residual concentrations of
contaminants in the groundwater may have long prior been reduced by
chemical/biological breakdown and dilution to irrelevantly low levels. If this is the case,
then the additional groundwater monitoring well(s) would not be needed.
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5.0 RECOMMENDATIONS

As stated in Section | of the 2006 Annual Report for the Tellijohn Landfill, the landfill
has been assigned by the MPCA a ranking of D, which represents that the “...landfill
currently poses no threat to public health or the environment and may meet current
MPCA closure standards.” (MPCA, 2007). Based on this, and the current groundwater
conditions at the Tellijohn Landfill, the combination of MPCA and UNIMIN
groundwater monitoring wells at the Tellijohn Landfill and around the perimeter of the
proposed North Mine appears to be adequate, and no additional investigation in the
landfill area is recommended at this time.

If the MPCA determines that additional groundwater investigation activities are required,
it is suggested that a nested set of two Jordan Sandstone groundwater monitoring wells
could be installed to the west of existing shallow zone wells MW-102/MW102P (Figure
6). These proposed wells could be completed similar to existing nested wells MWO07-
04/06 and MWOQ7-05/07, with one well screened in the uppermost 20 feet of the Jordan
Sandstone, and the deeper well completed near the base of the Jordan Sandstone. If
needed, these wells could provide long-term monitoring coverage on the northern side of
the Tellijohn Landfill to allow UNIMIN to track groundwater conditions on all
potentially downgradient sides of the landfill as the cone-of-depression associated with
mine dewatering develops in the future.

UNIMIN conducted groundwater monitoring tasks in 2007 at the Tellijohn Landfill in a
manner that is consistent with the MPCA’s current monitoring program at the landfill.
UNIMIN also monitored their newly installed wells located around the perimeter of the
proposed North Mine in a manner that is consistent with their permit for the current
Hayes Mine. It is recommended that this practice (regarding monitoring schedule and
parameters) be continued in coordination with the MPCA’s monitoring program at the
Tellijohn Landfill and UNIMIN’s current permit requirements at the Hayes Mine (until
replaced by the permit requirements for the proposed North Mine). It is also
recommended that aquifer pumping test well MWO07-15 be sampled along with the other
landfill area wells during 2008 to provide a comparison to nearby shallow Jordan
Sandstone well MWO07-04 and deep Jordan Sandstone well MWO07-06 to help evaluate
the organic compound concentrations found at MWO07-04. It should be noted that
according to MPCA records, Tellijohn Landfill area well 129201 and the nearby
Tellijohn north irrigation well (located to the east of the landfill area) have the same well
ID numbers (see Figure 6 for all landfill area well locations). This is in all likelihood a
clerical error that can be resolved by the MPCA as part of their review of this report and
the EIS.
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Well ID #

Mw-101P

MW-102

Measurement
" Date
10/11/07
10/18/07
10/24/07
11/02/07
11/06/07

07/31/07
08/01/07
08/01/07
08/02/07
08/09/07
08/15/07
08/23/07
08/29/07
09/06/07
09/13/07
09/20/07
09/28/07
10/04/07
10/11/07
10/18/07
10/24/07
11/02/07
11/06/07

08/09/07
08/15/07
08/23/07
08/29/07
09/06/07
09/13/07
09/20/07
09/28/07
10/04/07
10/11/07
10/18/07
10/24/07
11/02/07
11/06/07

07/31/07
08/01/07
08/01/07
08/02/07

Table 2

Proposed North Mine and Tellijohn Landfill Area Water Level Data Summary

Measurement
Time
10:09
10:48
10:21
10:13
14:04

14:15
9:24

15.08
9:48

12:54
10:42
11:27
10:48
10:49
10:27
10:23
10:25
10:32
10:11
10:50
11:00
10:15
14:05

11:54
10:38
11:32
10:44
10:53
10:29
10:27
10:28
10:35
10:13
10:52
10:24
10:18
14:07

14:42
9:43
15:20
9:28

Surveyed
Surveyed Well Pad Well Casing
Location Coordinates Elevation Stick-Up
{local plant N/E)* (ft. MSL)* (ft. above well pad)**

N176795.29/E293057.68 857.04 2.06
N176795.29/E293057.68 857.04 2.06
N176795.29/E293057.68 857.04 2,06
N176795.29/E293057.68 857.04 2.06
N176795.29/E293057.68 857.04 2.06
N176789.04/E293056.97 857.31 2.20
N176789.04/E293056.97 857.31 2.20
N176789.04/E293056.97 857.31 2.20
N176789.04/E293056,97 857.31 2.20
N176789.04/E293056.97 857.31 2.20
N176789.04/E293056.97 857.31 220
N176789.04/E293056.97 857.31 2.20
N176789.04/E293056.97 857.31 220
N176789.04/E293056.97 857.31 2.20
NI176789.04/E293056.97 857.31 2.20
N176789.04/E293056.97 857.31 220
N176789.04/£293056.97 857.31 2.20
N176789.04/E293056.97 857.31 2.20
N176789.04/E293056.97 857.31 2.20
N176789.04/E293056.97 857.31 220
N176789.04/E293056.97 857.31 220
N176789.04/E293056.97 857.31 2.20
N176789.04/E293056.97 857.31 2.20
N176757.97/E293103.96 857.59 0.43
N176757.97/E293103.96 857.59 0.43
N176757.97/E293103,96 857.59 0.43
N176757.97/E293103.96 857.59 0.43
N176757.97/E293103.96 857.59 0.43
N176757.97/E293103.96 857.59 0.43
N176757.97/E293103.96 857.59 043
N176757.97/E293103.96 857.59 0.43
N176757.97/£293103.96 857.59 0.43
N176757.97/E£293103.96 857.59 0.43
N176757.97/E293103.96 857.59 043
N176757.97/E293103.96 857.59 0.43
N176757.97/E293103.96 857.59 0.43
N176757.97/E293103.96 857.59 0.43

no data no data no data

no data no data no data

no data no data no data

no data no data no data

Water Level
Measurement
Point Elevation
(ft. MSL)*
859.10
859.10
859.10
859.10
859.10

859.51
859.51
859.51
859.51
859.51
859.51
859.51
859.51
859.51
859.51
859.51
85%.51
859.51
859.51
859.51
859.51
859.51
859.51

858.02
858.02
858.02
858.02
858.02
858.02
858.02
858.02
858.02
858.02
858.02
858.02
858.02
858.02

871.96
871.96
871.96
871.96

Water Level
Measurement
(ft. below casing top)
6.46
5.48
4.78
5.53
5.93

8.89

13.61
13.75
13.61
9.02

13.68
11.03
11.05
11.38
11.84
12.46
12.55
12.55
12.46
11.82
11.49
11.74
11.85

8.64
8.88
3.79
5.61
. 6.40
6.72
6.92
7.20
7.08
5.83
5.35
5.10
5.67
6.02

27.70
27.58
27.77
27.74

Water Level
Elevation
(ft. MSL)

852.64
853.62
85432
853.57
853.17

850.62
845.90
845.76
845.90
850.49
845.83
848.48
848.46
848.13
847.67
847.05
846.96
846.96
847.05
847.69
848.02
847.77
847.66

849.38
849.14
854.23
852.41
851.62
851.30
851.10
850.82
850.94
852.19
852.67
852.92
852.35
852.00

844.26
844.38
844.19
84422



Table 2
Proposed North Mine and Tellijohn Landfill Area Water Level Data Summary

Surveyed Water Level
Surveyed Well Pad Well Casing Measurement Water Level Water Level
Measurement Measurement Location Coordinates Elevation Stick-Up Point Elevation Measurement Elevation
Well ID # Date Time {local plant N/EY* {ft. MSL)* {ft. above well pad)** (ft. MSL)* {ft. below casing top) (ft. MSL)
08/09/07 11:25 no data no data no data 871.96 27.80 844.16
08/15/07 10:20 no data no data no data 871.96 27.61 844.35
08/23/07 10:58 no data no data no data 871.96 26.36 845.60
08/29/07 10:23 no data no data no data 871.96 26.14 845.82
09/06/07 10:29 no data no data no data 871.96 26,29 845.67
09/13/07 10:07 no data no data no data 871.96 26.52 845.44
09/20/07 10:03 no data no data no data 871.96 26.72 84524
09/28/07 10:02 no data no data no data 871.96 26.94 845.02
10/04/07 10:12 no data no data no data 871.96 27.04 844,92
10/11/07 9:56 no data no data no data 871.96 27.01 84495
10/18/07 10:32 no data no data no data 871.96 26.93 845.03
10/24/07 10:52 no data no data no data 871.96 26.78 845.18
11/02/67 9:59 no data no data no data 871.96 26.75 845.21
11/06/07 13:42 no data no data no data 871.96 26.85 845.11
MWw-102P 07/31/07 14:45 no data no data no data 872.09 27.78 844.31
08/01/07 9:48 no data no data no data 872.09 27.79 844.30
08/01/07 16:59 no data no data no data 872.09 27.82 84427
08/02/07 9:31 no data no data no data 872.09 27.84 844.25
08/09/07 11:23 no data no data no data 872.09 26.81 845.28
08/15/07 10:22 no data no data no data 872.09 27.72 844.37
08/23/07 10:57 no data no data no data 872.09 26.44 845.65
08/29/07 10:21 no data no data no data 872.09 26.23 845.86
09/06/07 10:28 no data no data no data 872.09 26.39 845.70
09/13/07 10:05 no data no data no data 872.09 26.61 845.48
09/20/07 10:01 no data no data no data 872.09 26.81 845.28
09/28/07 10:00 no data no data no data 872.09 27.03 845.06
10/04/07 10:10 no data no data no data 872.09 27.14 844.95
10/11/07 9:54 no data no data no data 872.09 27.11 844.98
10/18/07 10:30 no data no data no data 872.09 27.02 845.07
10/24/07 11:13 no data no data no data 872.09 26.36 845,73
11/02/07 9:57 no data no data no data 872.09 26.83 84526
11/06/07 13:40 no data no data no data 872.09 26.97 845.12
MW-103 07/31/07 15:09 no data no data no data 870.50 29.45 841.05
08/01/67 9:59 no data no data no data 870.50 29.40 841.10
08/01/07 15:45 no data no data no data 870.50 29.50 841.00
08/02/07 9:18 no data no data no data 870.50 29.52 840.98
08/09/07 12:50 no data no data no data 870.50 21.73 848.77
08/15/07 1113 no data no data no data 870.50 29.69 840.81
08/23/07 12:14 no data no data no data 870.50 28.89 841.61
08/29/07 11:23 no data no data no data 870.50 28.99 841.51
09/06/07 11:28 no data no data no data 870.50 28.14 842.36

09/13/07 11:06 no data no data no data 870.50 28.21 842.29



Appendix A

MPCA Documentation for the Tellijohn Landfill
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Appendix B

Well Reports and Boring Logs
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UNIMIN Wells
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MPCA Wells at Tellijohn Landfill
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Tellijohn Irrigation Wells
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Other Wells Located
within and Immediately Adjacent to the
Predicted 5-foot Drawdown Contour
from the Mine Dewatering Groundwater Model
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Appendix C

Groundwater Data Sample Reports
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April 2007
Tellijohn Landfill Sampling Event
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July 2007
Tellijohn Landfill Sampling Event
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October 2007
Tellijohn Landfill Sampling Event
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November 2007
Tellijohn Landfill
and
Proposed North Mine Sampling Event
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Appendix D

Field Photographs
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Appendix E

Aquifer Pumping Test Analysis Report
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Appendix F

Un-Named Stream Investigation Field Photographs
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Appendix G

Site Survey Data
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Appendix H

Dewatering Groundwater Model Report
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Appendix |

Schoeller Groundwater Geochemical Diagrams
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Appendix J

Mine Area Hydrographs

06-119 North Mine Hydrogeology = .
Report Text (V10).doc Weegar-Eide & Associates, LLC



Appendix K

Property Owner Statement Regarding Un-Named Stream
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Appendix L

Precipitation Data
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