Flambeau Mining Company
4700 Daybreak Parkway
South Jordan, UT 84095
801-204-2526

Reclaimed
November 13, 2018 Ui promises made, promises kept

Mr. Dave Siebert

Bureau Director

Wisconsin Department of Natural Resources
101 S. Webster Street — GEF2

P.O. Box 7921

Madison, W1 53707-7921

Dear Mr. Siebert:

RE: Reclaimed Flambeau Mine Request to Modify the Updated Monitoring Plan

Introduction

Since site closure in October 1998, long term monitoring and reporting at the Reclaimed
Flambeau Mine (Flambeau) has been ongoing in accordance with the Mine Permit
(IH-89-14) and the Updated Monitoring Plan (FVD, 1991). Both documents include
monitoring requirements for a variety of environmental aspects at Flambeau. Evaluations
of the monitoring program have been completed, and there are recommended changes to
the requirements. The attached memoranda (memo) present recommendations to modify
the following elements of the Updated Monitoring Plan:

1. Reduction in groundwater monitoring frequency and parameters for wells located
within the backfilled pit.

2. Reduction in groundwater monitoring frequency and parameters for intervention
boundary wells and other wells outside the backfilled pit.

Elimination of future aerial color infrared vegetation photography.

3
4. Elimination of wetland staff gauge monitoring at WT-5.
5. Elimination of subsidence monitoring at year 40.

6

Simplification of the Annual Report.

Supporting evaluations and recommendations are presented in three attached memos:

Attachment 1: Flambeau Mine Groundwater Monitoring Reduction Evaluation —
In Pit Wells
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Attachment 2: Flambeau Mine Groundwater Monitoring Reduction Evaluation —
Intervention Boundary and Other Wells used for Groundwater Elevation
Monitoring

Attachment 3: Reclaimed Flambeau Mine Infrared Vegetation Photography,
Subsidence, Wetland Evaluation Reduction, and Annual Reporting
Requirements

Attachment 4: Redlined Updated Monitoring Plan

The following sections briefly summarize the recommendations made in these three
memos regarding changes to long term monitoring. A redlined version of the Updated
Monitoring Plan is provided in Attachment 4 to document the changes. A new Updated
Monitoring Plan and an updated site Quality Assurance Project Plan will be provided to
the Department upon approval of the monitoring changes.

Evaluations Completed

Three memos, provided as Attachments 1, 2, and 3, summarize the data evaluations
performed to support this request to modify the long term monitoring and reporting at
Flambeau. The attached memos also summarize the current data collection programs and
data previously collected and analyzed.

Attachment 1: Flambeau Mine Groundwater Monitoring Reduction Evaluation — In Pit
Wells

+ Evaluates data from the in-pit wells to substantiate that conditions have been
met to justify a reduction in groundwater monitoring parameters and frequency
in the in-pit wells. This analysis includes an evaluation of current conditions in
the backfilled pit and potential impacts to the Flambeau River as part of the
justification for a reduction in monitoring.

Attachment 2: Flambeau Mine Groundwater Monitoring Reduction Evaluation —
Intervention Boundary and Other Wells used for Groundwater Elevation
Monitoring

+ Evaluates data from the intervention boundary wells and other wells used for
groundwater elevation monitoring to substantiate that conditions justify a
reduction in groundwater monitoring parameters and frequency in these wells.

Attachment 3: Reclaimed Flambeau Mine Infrared Vegetation Photography,
Subsidence, Wetland Evaluation Reduction, and Annual Reporting
Requirements

+ Evaluates data collected for aerial color infrared vegetation photography,
wetland staff gauge monitoring, and subsidence monitoring to substantiate that
conditions justify cessation of these monitoring programs.
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+ Discusses the format of the Annual Report and recommends updates to better
suit the current state of the project.
Conclusions

Long term environmental monitoring that has been completed has led to a greater
understanding of post-mining environmental conditions at Flambeau. While some aspects
of long term monitoring, as laid out in the Updated Monitoring Plan, are still appropriate,
other aspects could be curtailed while still being protective of the environment. The
recommendations made in the attached memos eliminate redundant monitoring efforts
where the conditions are well established and stable.
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If you have any questions, please contact me at (801) 204-2526 or Sharon Kozicki, of
Foth Infrastructure & Environment, LLC, at (920) 496-6737.

Sincerely,v

Dave Cline
President — Flambeau Mining Company

enclosures
cc: Hank Handzel, DeWitt Ross & Stevens
Timm Speerschneider, DeWitt Ross & Stevens
Leland Roberts, Rio Tinto
Steve Donohue, P.H., Foth Infrastructure & Environment, LLC
Sharon Kozicki, P.G., P.M.P., Foth Infrastructure & Environment, LLC
Zoe McManama - WDNR
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Attachment 1

Flambeau Mine Groundwater Monitoring Reduction Evaluation —
In Pit Wells

pw:\Flambeau Mining\0017F777.00\5000 Client Correspondence\Groundwater Monitoring Reduction Memos\M-Cline, Request to Modify the
UMP.docx



€ Foth

Green Bay Location

2121 Innovation Court, Suite 300

P.O. Box 5126 e De Pere, WI 54115-5126
(920) 497-2500 e Fax: (920) 497-8516
www. foth.com

November 9, 2018

TO: Dave Cline, Flambeau Mining Company
Leland Roberts, Rio Tinto

CC:  File: 17F777-5000

FR:  Allison Haus, Ph.D., Foth Infrastructure & Environment, LLC
Sharon Kozicki, P.G., P.M.P., Foth Infrastructure & Environment, LLC
Steve Donohue, P.H., Foth Infrastructure & Environment, LLC

RE: Flambeau Mine Groundwater Monitoring Reduction Evaluation — In-Pit Wells

1 Introduction

From 1994 through 1998, Flambeau Mining Company (Flambeau) mined an ore body
adjacent to the Flambeau River using an open pit method. Upon cessation of mining, the
site commenced reclamation, which included backfilling the pit and demolition of most
of the site infrastructure.

Long term monitoring, maintenance, and reporting has been ongoing since 1999 in
accordance with the Mine Permit (IH-89-14) and the Updated Monitoring Plan (FVD,
1991). Flambeau petitioned for a Certificate of Completion (COC) in January 2007. The
COC signifies that the mine has fulfilled its duties under the reclamation plan. A public
hearing was held, and a COC was received in August 2007 for the entire site except for a
32-acre parcel known as the Industrial Outlot.

Groundwater monitoring has continued in two in-pit well nests since they were installed
upon completing backfill of the pit. The two well nests, MW-1013/A/B/C and MW-
1014/A/B/C are shown on Figure 1. They were installed at approximately the same
locations as two well nests present prior to mine excavation, MW-1013G/P and MW-
1014G/P. Although reclamation has been achieved, quarterly monitoring (sampling and
elevation readings) has continued in these two wells for 18 years. Results from
monitoring activities are reported in the annual report for the facility, submitted in
January following the reporting year.
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Purpose

The purpose of this memorandum is to:

3

1.

Describe the regulatory framework and criteria indicating that the groundwater
within the pit has reached a stable condition with respect to both elevation and
chemistry.

Provide a summary of historic trends and current status of the in-pit monitoring
well data for elevation and for water chemistry.

Evaluate the historic trends and current status with respect to criteria indicating
that stability has been reached at the in-pit wells.

Propose an approach of reduced monitoring that provides continued adequate

confirmation of trends and stability with respect to both elevation and water
chemistry at the in-pit monitoring wells.

Monitoring Reduction Regulatory Framework

The Mine Permit, and subsequent correspondence with the Department, define the
conditions required prior to reducing groundwater monitoring at wells in the backfilled
pit. Note that the Mine Permit was written prior to completion of the in-pit well nests,
and the wells referenced in quoted text, MW-1013G, 1013P, 1014G and 1014P, were
completed as MW-1013, MW-1013-A, MW-1013-B, MW-1013-C, MW-1014, MW-
1014-A, MW-1014-B, and MW-1014-C.

The Mine Permit, Part 4(2) and Part 4(3) cite:

Part 4(2)

“Water quality monitoring of wells MW-1013G, 1013P, 1014G and 1014P shall be conducted on
a quarterly frequency at all of the wells until at least 8 samples have been obtained from each well.
At that time, a reduction in monitoring frequency may be requested by Flambeau and, provided
that the monitoring results confirm the predictive modeling of water quality within the backfilled
material and verify that no adverse impacts to water quality within the Flambeau River will occur,
the Department may approve such request. The parameter list for the sampling round occurring in
June of each year shall be expanded as specified in section 10.1.3.2 of the Mining Permit
Application. The provisions of NR 140, Wis. Adm. Code, shall be used to determine statistically
significant changes in the groundwater quality.”

Part 4(3)

“Wells MW-1013G, 1013P, 1014G and 1014P shall be monitored for water level as part of the
water level monitoring program described in Section 10.1.3.3 of the Mining Permit Application.
The water level monitoring program shall continue on a quarterly frequency until the Department
determines that the water levels have stabilized. Water levels shall be deemed as stable when no
significant net annual changes occur in water levels over a two year period. An acceptable range
of annual fluctuations in groundwater levels shall be based on a statistical analysis of observed
pre-mining annual fluctuation ranges of those wells with a pre-mining monitoring record which
are to be included in the long term monitoring program. To the extent technically feasible, the
entire record of pre-mining water level measurements shall be considered when determining the
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normal or acceptable annual fluctuation range. The average annual range will be based on the
combined average of the annual fluctuation ranges of all the wells presently on site that are to be
included in the long term monitoring program plus or minus one standard deviation. During the
post reclamation period as the water table recovers, the net annual fluctuation should be relatively
large, showing an upward movement of the water table. As stability is approached, this net
upward fluctuation will be reduced through time, eventually falling back into the average annual
range that exists today. When the average annual fluctuation falls within this range for two
consecutive years, the water table will then be deemed to have stabilized.”

The Department explained the above two conditions in a March 20, 2008 letter from
Mr. Phil Fauble to Ms. Jana Murphy:

“As to potential reductions in environmental monitoring frequency, we agree that Part 4(2) of the
Mining Permit approval does allow FMC the option of petitioning the Department for a reduction
in water quality monitoring frequency at the in-pit wells provided the monitoring results confirm
the predictive water quality modeling and FMC can verify no adverse impacts to the water quality
of the Flambeau River. However, we feel that any monitoring reduction request should also be
tied to the monitoring requirements of Part 4(3) of the Mining Permit as well. In accordance with
that condition, the water levels at the in-pit monitoring wells shall be monitored quarterly until
FMC can demonstrate that the water levels within the pit have stabilized for at least two years. If
the water levels stabilize at levels that cause adverse environmental impacts, the Department may
require remedial measures.

Therefore, it is our expectation that the Department will not consider reductions in monitoring
frequency until FMC prepares a report demonstrating that the water levels in the pit have
stabilized for at least a two-year period and that, at the stabilized level, the site is not and is not
expected to cause in the future, an adverse environmental impact to the Flambeau River. The
report should also compare the actual monitoring results with the expected results in the predictive
modeling and explain any differences. Once the Department has evaluated the report, we may
consider appropriate reductions in monitoring within the pit and would adjust the long-term care
financial assurance accordingly.”

Accordingly, the Department may reduce the monitoring requirements when water levels
and concentrations have stabilized at levels that do not have an adverse impact on the
Flambeau River. Additionally, the monitoring results should be evaluated in light of the
predictive models.

To summarize, the conditions that must be met prior to reducing groundwater monitoring
at the in-pit wells include:

1.

2.

Achieve water level stability for at least two years.

Demonstrate that water quality monitoring results confirm the predictive water
quality modeling for pore water within the backfilled material.

Verify that there are no adverse impacts to Flambeau River water quality due to
groundwater flowing from the backfilled pit.
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4 Stable Water Levels

The first condition as listed in Section 3 is stabilization of the water level for at least two
years. Evidence that the water table in the backfilled pit has stabilized includes 1)
hydrographs of historical data and 2) evaluation of pre-mining versus post-mining
fluctuation of groundwater table.

Groundwater elevations at the in pit wells, grouped by period, as well as hydrographs for
all historical data, are illustrated in variation plots in Attachment 1, on Figures 1-1a
through 1-1c. Post-mining data through June 2018 is subdivided into three groupings:
1997 Q4 through 2002 Q4 (immediate five years following mining); 2003 Q1 through
2016 Q3; and 2016 Q4 through 2018 Q3 (the most recent two years).

Groundwater elevations since 2016 have a smaller range of variation than that observed
during the post-mining period prior to 2016. Groundwater elevations steadily increased
from 1999 through 2002 at in-pit wells, and stabilized after 2003, as shown in
hydrographs (Attachment 1, on Figures 1-2a through 1-2c¢). Higher groundwater
elevations are noted during the latter part of 2010 and 2011. Elevations dropped in 2012
but rebounded again during 2014. A small increasing trend occurring through 2017
reversed with decreased levels observed through the third quarter of 2018.

Per Part 4(3) of the Mine Permit, stabilization of the water levels are to be assessed
through an evaluation of the net annual changes over a two-year period. The following
conditions should be met prior to a reduction in groundwater monitoring:

1. No significant net changes occur in the average annual water level fluctuation
over a two-year period when compared to an acceptable annual fluctuation range;
and

2. An acceptable annual fluctuation range is based on the combined average of the
annual fluctuation ranges of all wells presently on-site included in the long term
monitoring program, plus or minus one standard deviation.

Specifically, the average of the annual fluctuation ranges for the in-pit well set (i.e., the
MW-1013 and MW-1014 wells nests) is compared for each year to the average of the
annual fluctuation ranges observed in the pre-construction (January 1989 through April
1991) and pre-ore removal (July 1991 through January 1993) datasets for the on-site
wells plus or minus one standard deviation. A summary of the calculated average annual
groundwater fluctuations is provided in Table 1. The average annual fluctuation for the
pre-construction and pre-ore removal on-site well dataset is 1.96 feet with a one-standard
deviation range of 0.53 to 3.39 feet.

The in-pit well average annual fluctuations are also provided in Table 1 for each year

since 2003. The most recent two years illustrate average annual fluctuations for the in-pit
well set to be less than the upper standard deviation limit of 3.39 feet. In addition, the in-
pit average annual fluctuations have been below the upper standard deviation limit for all
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but one year since 2003. Therefore, it has been demonstrated that the water table has

stabilized.
Table 1
Average Annual Elevation Range Comparison to In-Pit Wells
Average | St.Dev. | Avg+St. | Avg-St.

Period Count (ft.) (ft.) Dev. (ft.) | Dev. (ft.))
All Long Term Monitoring Wells
Jan. 1989 throughDec. 1992 | 78 | 196 | 143 | 339 | 053
In-Pit Monitoring Wells

2003 8 1.15

2004 8 1.38

2005 8 0.95

2006 8 1.00

2007 8 1.10

2008 8 1.71

2009 8 1.32

2010 8 2.24

2011 8 1.63

2012 8 1.14

2013 8 1.64

2014 8 3.60

2015 8 1.50

2016 8 1.16

2017 8 1.89

2018 (thru Q3) 8 1.13

5 Water Quality

Prepared by: SGL
Checked by: ASH1

The second condition as listed in Section 3 is confirmation of the predictive water quality
modeling for pore water within the backfilled material. Evidence of the stability of
backfilled pit pore water chemistry has been observed at the eight in-pit wells that have
been monitored since 1999: the MW-1013 nest (MW-1013, MW-1013A, MW-1013B,
and MW-1013C) and the MW-1014 nest (MW-1014, MW-1014A, MW-1014B, and
MW-1014C). The two well nests are shown in plan-view on Figure 1 and in a cross
section of the backfilled pit on Figure 2. Type I backfill is waste rock that contained less
than 1% sulfide, and Type Il backfill is waste rock that contained greater than 1% sulfide.
During backfilling, both waste rock types were amended with adequate limestone to
neutralize any acidity derived from oxidation reactions.
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The MW-1013 well nest is located within the former mine pit on the southwest side. The
wells are screened as follows:

+ MW-1013 samples shallow pore water in till;

+« MW-1013A samples pore water in contact with limestone-amended Type |
material; and

+ MW-1013B and MW-1013C sample deeper zones in the limestone-amended
Type Il material.

The MW-1014 nest is within the former mine pit on the northeast side. The wells are
screened as follows:

+ MW-1014 is screened in shallow sandstone;

+ MW-1014A samples pore water in contact with limestone-amended Type |
material; and

+ MW-1014B and MW-1014C sample deeper zones in the limestone-amended
Type Il material.

Pore water chemistry at each well has been evaluated with respect to alkalinity, arsenic,
barium, cadmium, calcium, chloride, chromium, copper, hardness, iron, lead, magnesium,
manganese, mercury, potassium, selenium, silver, sodium, sulfate, total dissolved solids
and zinc, in addition to field measured pH, specific conductivity, temperature, and redox.
Trend graphs have been presented for each monitoring year in corresponding Annual
Reports. These Annual Reports are incorporated by reference. Chemistry trends have
been stable for several years, as described in the statistical evaluations within each
Annual Report.

5.1 Geochemical Modeling

Predictive modeling of pore water chemistry was performed in 1989 and in 1997. Both
predictive models are described below to provide context for the conclusion that
monitoring results confirm the predictive models through the data and geochemical
mechanisms. The current geochemical conceptual site model is described below to 1)
provide context for explanation of differences from observed and predicted pore water
chemistry and 2) describe geochemical mechanisms that confirm prediction of stable
water chemistry.

The conceptual model upon which both model versions are based is the same. Oxidation
occurred during mine operations as sulfide-bearing waste rock was stockpiled at the
surface. After mining was complete, the waste rock was mixed with limestone
amendment and placed back into the pit. As the backfilled pit pore space re-saturated
with water, exposure to oxygen was effectively limited and continued sulfide-oxidation
reactions were arrested. The resaturation of the pit, or “first flush,” dissolved soluble
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salts on the surfaces of the weathered waste rock backfill, liberating sulfate, cationic
metals, hydroxide, and other ions. Some of the dissolved sulfate then precipitated out
with calcium ions sourced from limestone dissolution, forming the mineral gypsum.
Some of the dissolved metals were removed through precipitation with the limestone-
derived carbonate ions, i.e., iron-carbonate (siderite). Because ample limestone is
available and oxygen ingress is very limited, there has been little to no input of oxidation
products to the system over almost 20 years of saturation and the system is at a steady
state. No additional oxidation product is anticipated in the future, meaning solute
concentrations will continue to remain the same or slowly decrease due to continued
dilution over the long term.

At some monitoring locations, concentrations of a few constituents are elevated relative
to predicted equilibrium concentrations. Thermodynamics favors precipitation of these
constituents into mineral phases, thereby limiting, or “capping” concentrations in
solution. However, there can be a lag time for precipitation onset of potentially
kinetically-inhibited minerals, the length of which is difficult to predict. Water chemistry
trends suggest that rhodochrosite, a kinetically-inhibited manganese carbonate mineral,
whose precipitation limits manganese concentrations, has begun to form in at least one
well since 1999 (see MW-1014A, on Figure B-7b, of the Annual Report). The stable
chemistry trends and results of geochemical modeling suggest that the system is currently
at a steady-state with respect to many mineral phases.

511 1989 Geochemical Model

Table 2 compares 2018 in-pit pore water quality to 1989 predicted values. Samples that
exceeded the 1989 prediction are highlighted in yellow.
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Table 2

Comparison of Model Predictions to Measured Groundwater Quality in 2018

Groundwater Samples from 6/20/18 1989 1997
Parameter | Units | MW-1005P | MW-1013 | Mw-1013A | MW-1013B | MW-1013C [ Mw-1014 | MW-1014A | MW-1014B | Mw-1014C | Prediction | Prediction *
1 Ca mg/L 54.3 150 115 572 530 81.9 330 512 155 455
2 Mg mg/L 21.9 48.3 39.8 136 125 26.5 113 109 355
3 Na mg/L 9.09 12.8 30.6 23.8 25.9 18.5 40 18.2 9.98
4 K mg/L 8.63 2.57 7.04 5.04 21.2 33 9.45 14.4 4.36
5] Alkalinity | mg/L 245 563 340 589 516 170 483 517 272
6 Sulfate mg/L <1.0 16.6 0.149 1730 1880 134 925 1490 252 1100 1043
7 Cl mg/L 6.5 8.8 7.5 39.3 50.4 52 12.8 46.9 50.6
8 pH SU 7.1 6.18 6.56 6.02 6.14 5.85 6.4 6.1 6.03 neutral 6.6
9 pe \Y 22.1000 56.7000 103.5000 118.7000 100.3000 157.2000 152.2000 164.4000 103.2000
10 Temp °c 9.81 11.26 10.4 9.86 10.28 8.75 9.12 9.04 8.49
11 As mg/L <0.00028 0.00081 <0.00028 0.00066 0.0192 <0.00028 0.00059 0.00099 0.0254
12 Ba mg/L 0.0738 0.158 0.084 0.0166 0.0179 0.0423 0.0142 0.0216 0.0325
13 Cu mg/L <0.0011 0.0163 <0.0011 0.437 0.0296 0.0038 0.0026 0.392 <0.0011 0.014 0.56
14 Fe mg/L 1.25 13.8 <0.111 0.21 12.8 <0.111 <0.111 <0.111 4.85 0.32 1.9
15 Pb mg/L [ <0.00020 0.0004 < 0.00020 <0.00020 0.00073 < 0.00020 < 0.00020 < 0.00020 < 0.00020
16 Mn mg/L 0.0747 26.4 3.48 24.8 9.79 0.809 0.0967 10.1 1.65 0.55 2.3
17 Se mg/L [ <0.00032 0.00085 < 0.00032 0.00057 < 0.00032 <0.00032 < 0.00032 0.0016 < 0.00032
18 Ag mg/L [ <0.00010 <0.00010 < 0.00010 <0.00010 0.0001 < 0.00010 < 0.00010 < 0.00010 <0.00010
19 Zn mg/L < 0.0046 < 0.0046 < 0.0046 0.12 0.38 0.006 0.0072 1 0.272
Notes

1. Using assumption of CO, 10%
Indicates measured value exceeded 1989 prediction.
Indicates measured value exceeded 1989 and 1997 predictions.

Prepared by: SVF
Checked by: ASH1

CO, = carbon dioxide

° C = degrees Celsius
mg/L = milligrams per liter
v = volts

SU = standard units
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The initial predictive modeling of in-pit pore water focused only on copper, iron,
manganese, sulfate, and pH. Measured porewater chemistry and predicted values
agreement is highlighted for the following parameters:

*

*

Sulfate is below predicted values in five of the eight samples in backfill. In the
remaining three, sulfate concentrations are higher than predicted values, but only
by approximately 50%, well within the acceptance tolerance.

Copper is below predicted values in four of the eight samples in backfill. Copper
concentration is very close to predicted values in two of the remaining four in-pit
samples. In the last two samples (MW-1013B and MW-1014B), copper
concentrations are an order of magnitude above predicted values, but have been
stable for more than three and five years, respectively; because 1) dissolved
oxygen and pH concentrations are stable [with some seasonal fluctuations] and
2) there is no continued influx of oxidized product.

Iron is below predicted values in five of the eight samples in backfill. In three
remaining wells and also in the background monitoring well, iron concentrations
are order of magnitude above predicted values, but have been stable for more than
five years and are not expected to increase because 1) dissolved oxygen and pH
concentrations are stable [with some seasonal fluctuations] and 2) there is no
continued influx of oxidized product.

Manganese concentrations are higher than predicted values in seven of the eight
in-pit samples but concentrations are expected to remain stable or fluctuate within
the historically observed range because 1) dissolved oxygen and pH
concentrations are stable [with some seasonal fluctuations] and 2) there is no
continued influx of oxidized product.

pH is neutral in all wells, as predicted.

In general, some potential differences between predicted and observed concentrations for
the parameters described above include:

*

Kinetic humidity cell testing results carried forward into the model included only
the values derived from testing of rock chips. Rates derived from testing of
smaller size fraction rock powder were not included. Surface area is known to be
an important factor in loading, and thus not including results from waste rock
powder may have underestimated mass loading rates.

The 1989 water quality predictions were founded upon a model that utilized only
five ions and, evaluated solubility with respect to only those oxide and hydroxide
minerals comprised of the five ions. As a result, the model did not account for
important ion interactions with carbonate, magnesium, and calcium. When
correct solubility controls (which are driven primarily by carbonate minerals here)
are not accounted for, models can over-predict or under-predict ion
concentrations. In this case, by not taking into account the full suite of
constituents, the 1989 model under-predicted some concentrations.
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+ Kinetic inhibition of mineral precipitation, such as rhodochrosite (manganese
carbonate), was not accounted for.

pH and redox exert major controls on metals solubility; as pore water pH and oxidation
increase, iron and manganese are increasingly removed from solution in precipitates.
While precipitation of manganese carbonate (rhodochrosite) and both iron hydroxide and
iron carbonate (siderite) minerals is thermodynamically favored, the stability field
boundaries between soluble divalent metal in solution and retention in precipitate is very
close to the pH measured in the backfill, meaning the driving force for mineral
precipitation is limited. This is shown on Pourbaix diagrams for copper, iron and
manganese on Figures 3, 4, and 5.

512 1997 Model

Table 2 also compares 2018 in-pit pore water quality to the 1997 predicted values
assuming carbon dioxide (CO2) = 10%. Samples that exceeded the 1997 prediction are
highlighted orange. The 1997 prediction included a more comprehensive suite of
parameters. Notably, 1997 prediction improved on 1989 prediction by accounting for
load contribution from smaller size fraction waste rock. The 1997 prediction also
factored in additional ions with a more complex model completed in MINTEQAZ2, an
equilibrium speciation model (Allison, 1991). In particular, the effect of carbonate was
accounted for in the 1997 prediction and is a major driver of solubility phases for metals.
The pH was also tied to in-pit carbon dioxide concentrations and recognized as an
important driver of mineral solubility. By accounting for carbonate and recognizing
malachite (copper carbonate) precipitation, the model correctly predicted copper
concentrations.

However, the model again under-predicted sulfate, iron, and manganese concentrations.
Some of the same reasoning that limited the 1989 model also limited the 1997 model.

+ The backfilled pit system sits very close to the phase transitions between soluble
metals in solution and metals precipitated in mineral phases, including iron
hydroxide, siderite, and rhodochrosite, which results in a low driving force for
mineral precipitation. This low driving force, coupled with likely kinetic
inhibition of rhodochrosite precipitation, allows manganese and iron
concentrations to be higher than model predictions.

+ Total concentration of sulfate is elevated relative to what was predicted in the
1997 model, likely because gypsum solubility is higher than what was assumed in
the model. Gypsum solubility can vary with composition of background solution
(Stumm and Morgan, 1981). Some species that influence the solubility
equilibrium (i.e., species formed by complex formation), may be overlooked in
the equilibrium calculation used in the model. For example, magnesium has been
shown to inhibit the formation of gypsum (Ahmed, 2014). Some of these factors
may have contributed to making the gypsum solubility product (Ksp) modeled in
the 1997 model inaccurate.
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5.1.3 Current Conditions

Reevaluating current data using a geochemical thermodynamic equilibrium modeling
software platform (Geochemist’s Workbench [GWB]) illustrates speciation and
complexation of all measured ions in solution, and points to processes driving current
water chemistry trends.

Sulfate

Both the 1989 and 1997 models correctly predicted that concentrations of sulfate in the
backfill pit pore water would predominantly be a function of the solubility of gypsum.
Solubility plots (Foth, 2016, 2017, and 2018) confirm that water is in equilibrium with
gypsum at the three wells where sulfate concentrations are higher than what was
predicted (MW-1013B, MW-1013C, and MW-1014B). This suggests that the Ksp initially
utilized was lower than the Ksp observed in the field, and may not have accounted for the
influence of a multicomponent system, the background electrolyte, and/or other
polyvalent ions on gypsum solubility (Hem, 1970; Cravotta, 2006).

Copper

Copper concentration was elevated relative to 1989 predicted concentrations at MW-
1013B and MW-1014B. The 1989 predictions did not take into account carbonate phases
in predicting solubility limits. The model based predictions on copper hydroxide
solubility and under-predicted copper concentrations at wells shown in Table 2. The
1997 model improved on the previous model by including carbonate phases. The 1997
model accurately identified additional solubility limiting phases and all copper
concentrations are within limits predicted by the 1997 model. Figure 3 illustrates copper-
limiting phases in pore water at MW-1013 C.

Manganese and Iron

Geochemical modeling of measured 2017 pore water concentrations are in agreement that
secondary mineral precipitates are acting to limit ion concentrations and show that
carbonate phases are important in determining concentrations for manganese and for iron.
Dominant controls for both these ions are pH and oxidation state.

Pourbaix diagrams, shown on Figures 4 and 5 (using MW-1013C - 2018 water quality
data as input), illustrate how pH is an important driver for metal solubility: the predicted
stability field for rhodochrosite at MW-1013C begins above pH 6.5. Other studies have
noted that while rhodochrosite is the main mineral phases in neutral to alkaline anoxic
environments, equilibrium assumptions may not be satisfactory and kinetic processes
may be dominant (Lebron and Suarez, 1998). Saturation plots (included within the
Annual Reports) show that some wells are supersaturated with respect to rhodochrosite,
meaning they are out of equilibrium and suggesting that kinetic controls are important. If
there is kinetic inhibition to rhodochrosite precipitation, then mineral formation will not
limit manganese concentrations.

Similarly, the Pourbaix diagram for iron speciation illustrates that iron concentrations can
be limited in solution by precipitation of iron hydroxide or siderite, but the stability fields
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for these minerals end within the range of pHs and Ehs observed at wells in the backfilled
pit. The Pourbaix diagram depicted on Figure 5 illustrates that iron may be bound in
mineral form or free in solution given measured pH and pE conditions and likely explains
observed fluctuations in iron concentrations.

Though measured pore water concentrations in the backfilled pit are different from what
was predicted in 1989 and 1997 models, pore water quality at the site is stable and has
been consistent for many years.

Pore water quality has been modeled annually and evaluated with respect to
geochemistry. Details of these assessments have been presented in the Annual Reports.
General processes that are responsible for observed water chemistry are highlighted here:

« lronis limited by precipitation in iron hydroxide and siderite, but prone to
fluctuation in response to variations in redox and pH.

+ Manganese is thermodynamically predicted to be limited by rhodochrosite, but
precipitation may be kinetically inhibited, and/or prone to fluctuation in response
to variations in redox and pH.

+ Pore water samples are in equilibrium with gypsum, but the 1997 prediction
differs from current conditions because the model used a gypsum solubility
product that was less than what we observe in field.

514  Predictive Modeling Summary

Concentrations of measured constituents are forecast to remain stable or to decrease in
the future because there is no additional oxidation of waste rock occurring. More
specifically:

+ Concentrations of sulfate are anticipated to remain stable and/or decrease.

+ Manganese concentrations are likely to continue to vary within the historically
observed range.

« Iron concentrations are likely to continue to vary within the historically observed
range.

+ Stable conditions that have been observed for many years are expected to
continue in future,

+ As the “first flush” continues to migrate through the pit over time, concentrations
are expected to decrease.
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5.2 Protection of the Flambeau River

The third condition listed in Section 3 is no adverse impacts to Flambeau River water
quality due to groundwater flowing from the backfilled pit. Potential impact to the
Flambeau River was estimated by performing a concentration reduction factor (CRF)
calculation. This procedure calculates the mass loading of a constituent delivered by
water entering the Flambeau River from the backfilled pit and assesses the increase in
concentration to the river.

This calculation was initially presented in Appendix L of the Mine Permit Application for
the Flambeau Project (FVD, 1989), then in a memorandum submitted by the Flambeau
Mining Company (FMC), to the Department, on October 17, 2000, entitled Backfilled Pit
Water Quality Assessment (FMC, 2000). The calculation has been updated with current
parameter values. The current version can be found in Attachment 2.

As seen in Attachment 2, the calculation involves using Darcy’s Law to estimate
groundwater flow contribution from the backfilled pit to the Flambeau River. This is
done using the difference in head between the pit and river, the hydraulic conductivity of
the native material, and the area of flow (product of aquifer thickness and pit width). The
resulting flow rate is then compared to both the average and low flow conditions of the
Flambeau River to determine the CRFs under those conditions. Three different Darcy’s
Law calculations were performed in order to determine the sensitivity of the input
parameters. The calculation producing the highest CRF (and therefore the highest
parameter concentrations) was used in the subsequent pore water parameter
concentrations as a conservative measure.

The incremental constituent increase to the Flambeau River under average and low flow
conditions was calculated using the CRF and parameter concentrations in groundwater
and/or pore water within or immediately adjacent to the backfilled pit. Consistent with
an October 2000 memorandum (FMC, 2000), the four parameters evaluated were copper,
iron, manganese, and sulfate. Concentrations of these four parameters were evaluated
using 2018 data in the MW-1013, MW-1014, and MW-1000PR well nests; and the
highest 2018 concentrations were used.

Flambeau River incremental increases were then compared to the background
concentrations in the Flambeau River. The background concentrations were presented as
a range of lowest to highest values obtained from the up-gradient sampling point (SW-1)
over the period between 2000 and 2018.

5.21 Results

All calculations are shown in Attachment 2. A summary of the pore water
concentrations, the negligible incremental impact on the Flambeau River, and the
background river concentrations can be found in Table 3. The incremental increases
shown in Table 3 are expressed as concentrations (in milligrams per liter [mg/L]) under
both average and low Flambeau River flow conditions.
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The results show that the CRFs are on the order of 0.00000010 and 0.0000010 mg/L for

the average and low flow conditions, respectively. This results in negligible,

unmeasurable, incremental impacts to the Flambeau River that are 3 to 5 orders of
magnitude lower than background concentrations in the Flambeau River (Table 3).

Table 3
Pit Pore Water Influence on Flambeau River
Avg. Avg. Low Avg.
Flow Flow Flow Flow Low Flow
19892 2000° 2018
Pore Incremental Flambeau River
Parameter  Water Concentration Increase? Background
(mg/L)" (mg/L) (mg/L)?
Copper 0.503 0.000000034 | 0.00000029 | 0.0000012 | 0.000000664 | 0.00000271 | <0.00029 - 0.0087
Iron 16.3 0.00000078 | 0.0000054 | 0.000022 0.0000215 0.0000877 0.18-19
Manganese 31.3 0.0000013 0.000012 0.000048 0.000041 0.000167 0.037-0.19
Sulfate 1880 0.0033 0.00072 0.003 0.0020 0.010 <2.5-10.0
1. Highest 2018 concentration of MW-1013, MW-1014, or MW-1000PR well nests.
2. Using highest calculated concentration reduction factor (i.e., gives the highest concentration).
3. SW-1 (up-gradient) range between 2000 and 2018.
a. FVvD, 1989
b. FMC, 2000 Prepared by: MAN

Checked by: MCC2

These results are consistent with the results of the 2000 memorandum (FMC, 2000) and
show that the potential for backfill pore water to impact water quality in the Flambeau
River is negligible, because the potential incremental changes are estimated to be orders
of magnitude below background conditions. Additionally, this analysis is considered
conservative, since attenuating reactions such as adsorption are not considered. Based on
this evaluation, the conditions of permit have been met to support a reduction in the in-pit
monitoring program.

6 Reduced Monitoring Plan Recommendations

Groundwater chemistry at each intervention boundary in pit well has been evaluated
quarterly with respect to select parameters during quarterly and annual monitoring.

Quarterly monitoring parameters has included:

+ Field parameters: color, odor, oxidation-reduction potential (ORP), pH, specific
conductivity, turbidity

+ Laboratory parameters: alkalinity, arsenic, copper, iron, manganese, sulfate, total
alkalinity, total dissolved solids (TDS), total hardness, and pH.
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Annual monitoring parameters has included:
+ Field parameters: color, odor, ORP, pH, specific conductivity, turbidity
+ Laboratory parameters: alkalinity, arsenic, barium, cadmium, calcium, chloride,
copper, iron, lead, magnesium, manganese, potassium, selenium, silver, sodium,
sulfate, and zinc.
The proposed annual sampling program will include:

+ Field parameters: color, odor, ORP, pH, specific conductivity, turbidity

+ Laboratory parameters: alkalinity, arsenic, calcium, chloride, copper, iron, lead,
magnesium, manganese, potassium, sodium, sulfate, and zinc.

An annual sampling program will adequately confirm that conditions remain stable. The
current and proposed monitoring plans are provided in Table 4 and discussed in more
detail in Sections 6.1 through 6.7.
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Table 4

Current and Proposed Monitoring Plan

Proposed
Current Monitoring Plan Monitoring Plan
Quarterly Annual Annual

Field Parameters
Color Color Color
Odor Odor Odor
ORP ORP ORP
pH pH pH
Specific Specific
Specific Conductivity | Conductivity Conductivity
Turbidity Turbidity Turbidity
Laboratory Parameters
Alkalinity Alkalinity Alkalinity
Arsenic Arsenic Arsenic
Copper Barium Calcium
Iron Cadmium Chloride
Manganese Calcium Copper
Sulfate Chloride Iron
TDS Chromium Lead
Total Hardness Copper Magnesium
pH Iron Manganese
Lead Potassium
Magnesium Sodium
Manganese Sulfate
Mercury Zinc
Potassium TDS
Selenium Total Hardness
Silver
Sodium
Sulfate
Zinc

Prepared by: ASH
Checked by: SVF

The parameters recommended for removal from the monitoring program include those

parameters that have shown very little variation in concentration and/or those constituents
whose concentrations are consistently below detection limits.

The parameters recommended for removal include barium, cadmium, chromium,

mercury, selenium, silver, and laboratory pH; and each is discussed in more detail in
following subsections.
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6.1 Barium

Barium concentrations have been stable and/decreasing at in-pit wells. Barium
concentrations are expected to be stable or decrease in the future. The in-pit well nest
MW-1013 shows barium concentrations have been stable or decreasing since 2007. The
in pit well nest MW-1014 has barium concentrations that are similar to those measured at
intervention boundary wells at or less than 50 micrograms per liter (ug/L).

6.2 Cadmium

Cadmium concentrations have been stable and/decreasing at in-pit wells. Cadmium
concentrations are expected to be stable or decrease in the future. The in-pit well nest
MW-1013 shows cadmium concentrations that have been stable or decreasing since 2000.
Concentrations since 2004 have been less than 2 pg/L. At MW-1014 cadmium
concentrations have been generally decreasing since first measurements and have been
less than 3 pg/L since 20009.

6.3 Chromium

Chromium concentrations show very little variation. Chromium concentrations are
expected to remain stable or decrease in the future. The in-pit well nest MW-1013 shows
chromium concentrations that are at times elevated relative to the intervention boundary
wells. Most sampling events at MW-1013 have indicated chromium concentrations
below detection, but there have been isolated cases of detects, including 2005 (30 pg/L)
and 2014 (10 pg/L). At MW-1014, chromium concentrations have been generally
decreasing since first measurements and have been less than 3 pg/L since 2010.

6.4 Mercury

Mercury concentrations show very little variation. Mercury concentrations are expected
to remain stable or decrease in the future. Mercury concentrations at the in-pit wells are
similar to concentrations at the intervention boundary wells, and below detection for most
samples. Mercury was detected above the detection limit once since 1999 in the MW-
1013 well nest, at a concentration just above 0.1 pg/L. Mercury was detected above the
detection limit once since 1999 in the MW-1014 well nest, at a concentration near

0.05 pg/L.

6.5 Selenium

Selenium concentrations show very little variation. Selenium concentrations are expected
to remain stable or decrease in the future. Selenium concentrations at the in-pit wells are
similar to the intervention boundary wells, and range from below detection to less than

5 ug/L in both the MW-1013 and MW-1014 well nest.

6.6 Silver

Silver concentrations show little variation and are expected to remain stable or decrease
in the future. Silver concentrations at the in-pit wells have occasionally been elevated
relative to the intervention boundary wells. The highest observed concentration in the

pw:\Flambeau Mining\0017F777.00\5000 Client Correspondence\Groundwater Monitoring Reduction Memos\In-Pit\M-Cline,
Reduced Monitoring-In-pit.docx 17



MW-1013 well nest was almost 15 pg/L, bet generally, concentrations since 2009 have
ranged from below detection to less than 3 pug/L. The highest observed concentration in
the MW-1014 well nest was more than 20 pg/L, but concentrations since 2010 have
ranged from below detection to less than 5 pg/L.

6.7 Laboratory pH

Because measurement of pH in the laboratory occurs outside the hold time for this
analyte (15 minutes), all laboratory pH results are qualified during validation process as
biased. Taking pH of the groundwater during field event is technically robust and more
reflective of conditions at site.

7 Conclusions

The 2017 annual trend analysis indicates few statistically significant trends in water
chemistry (Foth, 2017). Geochemical modeling indicates that conditions of equilibrium
or near equilibrium are prevalent in the backfilled pit. Calculations of potential effects to
the Flambeau River using current data from backfilled pit pore water chemistry
demonstrate that there is no risk to the Flambeau River.

The Department has defined regulatory conditions that must be met in order for
Flambeau to obtain approval for a reduced groundwater monitoring plan. These
requirements were defined in Section 3 as:

+ Water levels in the pit are stable;

+ Pore water chemistry in the pit is well characterized, stable, and verified through
predictive modeling; and

+ No adverse impact to Flambeau River.

The results presented in Sections 4, 5 and 6 indicate that these conditions have been met
and a reduction in groundwater monitoring at the Reclaimed Flambeau Mine Site is
appropriate. A reduction in groundwater monitoring to annually and a reduction in
parameters as summarized in Table 4 in the in-pit wells based on the results presented
herein is recommended.
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