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1.0 Introduction

1.1 Introduction

Northshore Mining Company (Northshore) operates a tailings storage facility west of Silver Bay,
Minnesota, where it transports fine tailings and plant aggregate/filter tailings from its processing plant for
long-term storage. This Northshore Mining Company Milepost 7 Tailings Basin Five-Year Operations Plan,
Years 2019-2023 includes a discussion of relevant information, recent construction activities, and then
describes the tailings storage facility operations for the Basin. The design and engineering and basin
closure sections of this Plan address the design of the basin through the life of operations.

1.2 Background

The previous five-year operations plan for Northshore's Milepost 7 tailings storage facility was presented
in a document entitled “Northshore Mining Company, Milepost 7 Tailings Basin, Five-Year Operations Plan
Years 2014-2018, by Barr Engineering Co. (Barr). For the 2019-2023 Operations Plan (Operations Plan),
Northshore Mining Company also requested Barr assist with preparing the plan. The Design and
Engineering section and Appendices of this plan present the details of the construction plans, dam safety,
instrumentation, dam stability, and site control. The operations and deposition of tailings continue to
follow the direction established in the 2004 operations plan.

1.3 Summary

Northshore's Operations Plan is a five-year plan for 2019-2023 It is a continuation of the overall plan for
operations through the life of the facility as presented in the previous five-year operations plan. The
implementation process of this Operations Plan is provided in the Summary section at the end of this
report which presents the action items required for 2018-2023. Northshore is providing this Operations
Plan to the Agencies for approval so that the operational objectives of the tailings storage facility can
continue.



2.0 Recent Accomplishments

e Development of the West Ridge Railroad project

e Evaluate East Ridge Railroad concept

e Long- and short-range basin planning

e Bear Lake Outlet construction

e Review of impacts to landfill from future basin construction
e Dam 1W design and investigations

e Dam 1E investigation

e Dam 1E seepage cutoff

e Dam 1 and 2 relief well study

e Reclaim dam raises and weir relocation

e Dam instrumentation and monitoring upgrades

e NSM tailings deposition tests

e NSM-termed “super cell beach” concept development
e Seepage Recovery Dam investigations and studies

e Alternative seepage cutoff studies for Dam 5

Consistent with ongoing operations and long range goals developed over the last 15 years of engineering
and construction, significant projects have been completed at the tailings basin to maintain a safe, stable
storage facility. Dams 1, 2, and 5 have been raised using plant aggregate and filter sand, to meet dam
freeboard requirements. Fine tailings have been nearly continuously discharged into the basin on the
beaches upstream of the dams and splitter dike to seal the bottom of the pond. The seepage collection
ditches on Dams 1 and 2 just upstream of the glacial till cutoff continue to collect and route seepage
around the glacial till cutoff and to the toe of the dam where ponds are located to store the seepage
water. The seepage collection ditch flow is monitored by weirs located at each end of the ditches. These
features are shown on Figure 1.

Dams 1 and 2 have been raised using the offset upstream construction method to minimum elevations of
1,241 feet and 1,243.9 feet, respectively.

The current minimum elevation of Dam 5 is 1,235 feet, although the dam is currently under construction
to be raised to a crest elevation of 1,245 feet. The dam construction method was originally by the
downstream method using a downstream sloping glacial till cutoff. In 2004, the dam construction method
was changed to the centerline method and the cutoff was changed to a wider vertical glacial till cutoff in
2005. In 2010, unsuitable foundation soils (organic soils and very soft clays) were removed from the
ultimate plan foundation area at Dam 5. The soils were replaced with filter sands over the exposed
lacustrine clays and glacial till. A plant aggregate layer was placed over the top of the filter to protect the
filter until the remained of the dam is constructed and increase resistance to potential uplift that could
occur.

The Reclaim Dam was raised to elevation 1,235 feet and a new weir with a chemical addition structure
constructed on the north end of the dam near Dam 5. The location increases the detention time for the



water passing over the weir and flowing to the reclaim pumphouse allowing flocculation and settling of
fine particles before the water is pumped back to the plant or the water treatment plant (WTP). An
additional benefit may be seen as well in regard to minimized resuspension of tailings in the main pond
because the fetch is greatly reduced in this area from the prevailing wind direction. The Reclaim Dam
slopes were flattened and the crest was widened for vehicle traffic and raised to provide suitable
freeboard to preclude overtopping due to waves and a normal frequency storm event. A new silt curtain
was installed in 2014 downstream of the weir discharge pipes to further promote sedimentation of fines
and improve water clarity and has been functioning well.

Construction at the WTP has not occurred since it was upgraded in 2007 and its design flow capacity was
reached in 2008. Overall the operation of the plant has been successful and benefits have been seen from
the increased flow through the plant. Northshore has been able to control pond water better through
these improvements. To further improve on the water treatment capabilities of the plant, a pipeline has
been constructed from Seepage Collection Pond 1A to the water treatment plant to supply water with less
turbidity to the plant. This improvement has reduced the downtime at the WTP thus improving capacity.

Railroad grades were raised on Dams 1, 2, and 5 in the last 5 years to facilitate transporting plant
aggregate and filter materials to each of the dams for construction. The splitter dike has been extended
entirely across the basin. It was also extended to the north and south on the west side of the basin to
allow for tailings deposition into the deeper portions of the pond. This work has largely been completed
with the majority of the deeper portions of the basin filled with tailings and has been documented by
bathymetry. Because of this method of deposition the amount of water stored within the basin has
decreased over time.

An Emergency Action Plan (EAP) including dam break analyses had been completed previously and is in
the process of being updated and includes many of the changes that have occurred at the basin since the
original development of the plan. The updated plan will be completed in late 2018 or early 2019 as part of
Northshore's ongoing commitment to safe operation of the tailings basin. Northshore will be submitting
the updated EAP to the Minnesota Department of Natural Resources.

Supplemental information supporting this document is also found in the following reports:

e Stability Evaluation of Dams 1, 2, and 5, Milepost 7 Tailings Basin, Northshore Mining Company,
Silver Bay, Minnesota, 2009 (identified as Barr, 2009)

e Dam 1 Stability Evaluation, Dam Crest Elevation 1,245 feet, Northshore Mining Company, Silver
Bay, Minnesota, June 2013 (identified as Barr, 2013)

e Reclaim Dam Stability Analysis, October 9, 2015 (identified as Barr 2015)

e Dam 2 Stability Evaluation — Dam Elevation 1,248 feet, Northshore Mining Company, Silver Bay,
MN, June 2016 (identified as Barr, 2016)



Dam 5 Raise to Elevation 1,245 feet — Alternate Configuration Revised Analysis, June 19, 2018
(identified as Barr, 2018a)

2019-2023 Water Balance Report, Milepost 7 Tailings Basin, Northshore Mining Company, Silver
Bay, Minnesota, 2018 (Barr Engineering Co.) (identified as Barr, 2018b)




3.1

3.0 Relevant Information

Infroduction

This section presents information on the current status of the tailings storage facility and anticipated

future production levels that are relevant for this Operations Plan.

3.2 Current Status

Figure 1 shows the general arrangement of the basin in 2018.

The pond levels in the main pond and reclaim pond were about elevation 1,221.5 and 1,205.7
feet, respectively as of November 3, 2018.

The pond free water volume of both basin cells, based on the results of a bathymetric survey
performed in June 2018 was approximately 13,262 acre-feet. The free water volume of the reclaim
pond based on the results of the bathymetric survey was approximately 2,136 acre-feet.

Fine tailings are being discharged from Dams 1 and 2 to maintain the beaches as needed and seal
the bottom of the pond. The tailings are also being discharged along the Splitter Dike and west
side of the basin to more uniformly fill the deeper portions of the basin and provide a seal over
the existing natural soils.

The crests of Dams 1 and 2, as defined by the minimum elevation of the filter berms where fine
tailings are discharged, have been completed to a minimum elevation of 1,241 feet on Dam 1 and
1,243.9 feet on Dam 2 as of June 2018.

The Dam 5 minimum crest elevation was 1,235 feet as of October 2018. It has been constructed
using a compacted glacial till cutoff and centerline construction methods with a 6H:1V
downstream slope. In 2018, lean to fat clay will be used as a cutoff material due to the lack of
glacial till that meets the previously defined specification for the seepage cutoff material. Dam
stability analyses, construction plans, and specifications have been developed for Dam 5 which
will be completed to elevation 1,245 feet in 2018 by Northshore’'s own crews.

Since 2003, Dams 1, 2, and 5 were constructed as shown in the latest dam raise construction
drawings attached in Appendix A. No significant changes to dam construction have been made.

Dam 5 seepage collection pond is maintained below the outlet of Bear Lake allowing drainage
from Bear Lake to enter the seepage collection pond. The resulting Dam 5 seepage and Bear Lake
runoff is pumped to the Reclaim Pond by submersible pump and pipeline. In 2019, the Bear Lake
Outlet will be completed and water flow into the Dam 5 pond will cease. A screen berm will be
constructed and all flow from Bear Lake will be directed through the Bear Lake outlet to the
Beaver River.



e The latest instrumentation readings and 2018 dam safety inspection have been completed and
the details are included in Appendix B. The dam performance was found to be acceptable for
continued operation.

e The fine tailings handling system (including clarifier and pipelines) from the beneficiation plant to
the basin is acceptable as reported by Northshore for continued operation as reported in the
previous operations plan. The verification program includes fine tailings pipeline testing, a
maintenance and replacement plan, and semiannual tailings pipeline inspection report.

e The Reclaim Dam was raised and flatter slopes constructed along portions of the alignment to
stabilize the interior dam. The previous weir structure was abandoned in place and a new weir
constructed. The dam crest elevation was 1,235 feet as of June 2018.

e Instrumentation was updated on Dam 1, Dam 2, Dam 5, and Reclaim in 2016, 2017, and 2018.
Plans have been developed and will be implemented to replace malfunctioning instrumentation
and install new instrumentation on all the dams.

3.3 Anticipated Production Levels

Northshore expects to continue to operate at a four furnace level throughout the 5-year period of this
plan. Expected annual operating rates for the Operations Plan and the Water Balance are presented in
Table 1.

Table 1 Estimated Annual Operating Rates
Concentrate 5.5 MLT including concentrate sales
Crude Ore 15 MLT
Dry Cobb Aggregate 2.2 MLT
Filter Sands 1.1 MLT
Plant Aggregate 3.3 MLT (dry cobb + filters)
Fine Tailings 7 MLT
* MLT = Million Dry Long Tons Data provided by Northshore Mining Company on 7/10/18

Actual production rates for the plant aggregate and fine tailings may vary depending on ore grade and
plant performance. These normal variations are small, however, and will not affect the overall 2019-2023
Operations Plan. Annual updated production schedules and alterations to the operations plan will be
provided as necessary. The Agencies will be notified in the event of major production changes and the
proposed operations plan will be adjusted as necessary.

3.4 Anticipated Pond Levels and Dam Raising Schedule

The historical water level within the basin is shown in Figure 2. The predictive water balance analysis
discussed in Section 4.5 of this report. The anticipated basin pond levels for the period of this plan are
listed in Table 2. These water levels are based on a pond water surface elevation of 1221.5 feet at the end
of 2017 and an estimate of pond level rise of about 2.3 feet which has been used for long range planning



purposes. It should be noted that the actual pond level at the end of the 2017-2018 water year was about
1221.5 feet which is less than that projected and similar to the value for the end of 2017. This means there
has been no water level gain within the basin for a period of about one year. The dam raise schedule was
developed to maintain at least the minimum required freeboard.

Table 2 Milepost 7 Anticipated Dam Construction

Anticipated
year-end

Dam 1 Dam 2 DETH I
Elevation/ Elevation/ Elevation/ Comments

W
ater Freeboard Freeboard Freeboard

Elevation?

Construct Dam 1 -1,243
2018 1,223.8P 1,241/17.2 1,243.9/20.1 1,245/21.2 Construct Dam 5 — 1,245
Backfill Dams: Dam 1, Dam 2, Dam 5

Construct Dam 5 - 1,263
2019 1226.1 1,241/14.9 1,243.9/17.8 1,263/36.9 Construct RR on Dam 2
Backfill Dams: Dam 1, Dam 2 and Dam 5

Construct Dam 5 - 1,265
Construct RR on Dam 2
Construct RR on East Ridge
Backfill Dams: Dam 1, Dam 5

Construct Dam 1 -1,250

Construct Dam 2 RR

2021 1230.7 1,250/19.3 1,243.9/13.2 1,265/34.3 | Construct RR on East Ridge
Construct Reclaim Dike - 1260
Backfill Dams: Dam 1, Dam 2, Reclaim

Construct Dam 2 -1,260
2022 1233 1,250/17 1,260/27.0 1,265/32 Construct Reclaim Dike - 1260
Backfill Dams: Dam 1, Dam 2, Reclaim

Construct Reclaim Dike — 1260
Backfill Dams: Dam 1, Dam 2, Reclaim

2020 1228.4 1,243/12.6 1,243.9/15.5 1,265/36.6

2023 12353 1,250/14.7 1,260/24.7 1,265/29.7

a For long-range planning purposes, a pond level rise based on historical rate of 2.3 feet per year was used
b Actual water level as of November 2018 is about 1,221.5 feet.




4.0 Tailings Basin Operations

The Milepost 7 tailings basin facility operations follow the general philosophy developed in the Closure
Consensus Plan (Klohn, 1988) and the 2004 Milepost 7 Tailings Basin Five-Year Operations Plan. This
philosophy has been carried forth in subsequent operating plans. The Disposal System Operations section
of the 2004 Operations Plan described basin operations as required by the permits. It includes the
handling and storage of plant aggregate and fine tailings, water management, and requirements for the
dams related to flood storage and monitoring. The tailing clarifiers, tailings pipeline, tailings pipeline
testing, maintenance and replacement plan are not addressed in this report as the schedule and processes
have not changed. This reports represents the updates in operations.

4.1 Proposed Operation Plan

The proposed plan follows the previous operations plan in the way dams are constructed, material is
stored for closure, and dust emissions are suppressed. Section 4.4 describes the current dust suppression
plans. The dams will be continually constructed with plant aggregate and filter tailings. A centrally-located
glacial till cutoff will also be constructed on Dam 5 to control seepage. Dams 1 and 2 were most recently
raised to elevation minimum elevations of 1,241 feet for Dam 1 and elevation 1,243.9 feet for Dam 2.
Although the filter tailings elevation is considered the dam crest, for purposes of long-term seepage
control, Dams 1 and 2 have surface elevations that exceed the filter tailings elevation. The higher elevation
is due to the construction of railroad grades downstream of the dam crests which allow material to be
transported to each dam for use in construction. Therefore the dam crests actually exceed those
elevations (along most of the dam alignment) presented as the top of the filter tailings. The current
minimum Dam 5 crest elevation is 1,235 feet and will be completed to elevation 1,245 feet in the spring of
2019 and 1,263 at the end of 2019.

Ongoing construction will involve leveling of the crest of the dams, stockpiling plant aggregate or placing
the remaining aggregate on the dams, and working on the Splitter Dike. The Splitter Dike is used to
support the pipeline so fine tailings can be placed into the interior of the basin. Figure 3 shows the
planned activities during this proposed Operations Plan.

The upper dam slopes for Dams 1 and 2 will be graded so the overall downstream slope is roughly 6H:1V
above the crest of the current seepage collection ditch. Dam 5, constructed as a glacial till cutoff dam, will
also be graded to an overall downstream slope of at least 6H:1V. Figure 4 shows the proposed long-term
dam configurations subject to ongoing instrumentation and performance monitoring, analyses, and
design. The following sections describe the features of the Operations Plan.

4.2 Handling and Storage of Plant Aggregate

Plant aggregate is a portion of the tailings stream produced from the concentrating process, defined as
the combined dry cobb aggregate (approximately 60% to 80%) and filter sands (approximately 20% to
40%). For purposes of clarification in this report, plant aggregate is used in general terms to describe all
tailing except fine tailing except in the instances where specific materials are discussed, such as filter
sands for the filter berms.



The plant aggregate is hauled by rail from the plant to the basin and used to construct the containment
dams (Dams 1, 2 and 5) and other structures. When required, the dry cobb aggregate and filter sands are
kept separate at the plant and hauled separately to the basin for special needs such as the filter berm in
the dams. At the basin, the plant aggregate is unloaded from railcars and placed by dozers, loaders,
trucks, or scrapers to meet planned needs. Excess plant aggregate not used for the dams is placed within
the basin limits to build roads, dikes, and railroad grades, or stored for future use to provide material for
closure-related activities as defined herein, in Section 5.0, Basin Closure, and in general accordance with
the Closure Consensus Plan. About 0.3 to 0.4 MLT of plant aggregate is returned to the mine each year for
use as road covering and blast hole stemming.

4.2.1 Schedule for Plant Aggregate Storage

Plant aggregate is delivered to the planned construction areas for the dams, dikes, roads, railroads, and
stockpiles. The Basin Supervisor or his designee works with the Railroad Dispatcher and Concentrating
Department to schedule the daily delivery of the plant aggregate. The amount of material delivered to the
basin depends on the operation of the processing plant and could vary significantly depending on ore
grade.

4.2.2 Plant Aggregate for Exterior Dam Construction

Construction of Dams 1 and 2 will continue utilizing plant aggregate for dam construction. Filter sands will
be used for the filter berm construction on Dams 1 and 2 and plant aggregate (dry cobb aggregate and
filter sands) will be used downstream of the filter berms. Dam 5 will be raised using centerline
construction methods and filter sands will be used on the downstream side of the seepage cutoff. Plant
aggregate is placed downstream and upstream of the glacial till cutoff.

Normally dam construction takes place in the summer months. However, a single lift less than about

4 feet thick may be placed on the dams in the winter (freezing conditions), provided all snow has been
removed from the area being covered and the layer is compacted after thawing and before any further
lifts are placed.

The placement of plant aggregate in the dams and any associated foundation work within the dams will
be monitored. Adequate testing for quality assurance and control (QA/QC) will continue to be performed.

4.2.3 Plant Aggregate for Railroads and Roads

The railroad tracks on Dam 1, Dam 2, and Dam 5 were completed to facilitate hauling plant aggregate to
stockpile areas and then for use in dam construction. It is anticipated that a new railroad alignment will be
constructed on the east side of the basin on top of the existing access roads and connecting to Dam 2
and plans are being developed to address the appropriate alignment. A new alignment called the West
Ridge Railroad, for the ultimate basin configuration, has been develop along the west side of the tailings
basins. Permitting is currently underway and this alignment will set the western boundary of the tailings
basin.



Small amounts of plant aggregate will also be required each year to build and maintain roads for access
within the basin. Plant aggregate will not be used for roads outside of the basin, except within the plant
area in a covered or bonded state or as otherwise allowed by the Agencies.

4.2.4 Plant Aggregate for Splitter Dike and the Reclaim Dam

Plant aggregate material will be used for Reclaim Dam construction. The Reclaim Dam is raised as the
water level rises in the basin to maintain freeboard. The dam is configured with a 4H:1V slope downstream
with a wide centerline (greater than 50 feet) for access by the haul trucks. Material is frequently placed
along the upstream face of the dam due to material loss due to erosion from wave action within the main
pond. This interior dam has been reconfigured in the near-term using plant aggregate and constructing a
raise over the upstream fine tailings beach. This change widens the dam and increases the global stability
by flattening the overall downstream slope. Alternatives are being assessed for the reclaim pond and
adjustments to this interior dam may be incorporated in the future.

In the past, he Splitter Dike was raised using plant aggregate as the center portion of the dikes. There are
no plans within this operating plan to maintain construction of the splitter dikes however at times, a thin
layer of plant aggregate may be added to allow limited access to central portions of the basin.

4.2.5 Plant Aggregate Stockpiles

Excess plant aggregate not required at the basin (for dams, railroads, roads, or dikes) or at the mine will
be stockpiled within the ultimate basin limits for future closure activities. Records will be kept of
stockpiled plant aggregate. Significant stockpiles of plant aggregate have already been placed along the
western side of the basin within the West Ridge Railroad and could be used for basin closure within this
five year plan. Additionally, the railroad grades on both Dams 1 and 2 have been constructed to elevations
greater than the filter berms and represent a significant amount of potential material for closure activities.

4.2.6 Contingencies

The projected yearly plant aggregate volumes for 2019 through 2023 are listed in Section 3.3. Variations
in ore grade and plant performance will cause the actual amounts delivered to the basin to vary. Such
normal variations average out in the long term, and no alterations to the Operations Plan are required.

In the case of a major disruption or reduction in operations due to reduced plant operating levels,
outages, or other causes, the following steps will be taken:

1. The DNR will be notified of the disruption.

2. Plant aggregate deliveries to the mine may be temporarily curtailed or suspended as required to
provide material to raise the dams or otherwise protect the integrity and safety of the basin.

3. Plant aggregate will be utilized as required from the plant aggregate stockpiles at the basin to
provide material to raise the dams or to otherwise protect the integrity and safety of the basin.



4. Detailed contingency plans will be developed to deal with the duration and extent of the
situation.

Increases in plant production due to expanded production will include notification to the Agencies and
alterations to the Operations Plan, if necessary, to handle the added production.

4.3 Handling and Storage of Fine Tailings

Fine tailings are defined by Northshore as the -#200 mesh (75 micron size) product of the concentrating
process. With the upstream method of raising Dams 1 and 2, the fine tailings provide a seal for the dams
and are an integral part of the dam and basin design. During the period of this Operations Plan, the fine
tailings will continue to be discharged upstream of Dams 1 and 2 to create beaches to provide a seal for
limiting seepage through the dams. Fine tailings not required to seal the dams will continue to be
discharged from the Splitter Dike.

The fine tailings handling and storage facility consists of clarifying equipment at the plant, fine tailings
storage at the basin system, and the tailings pipeline system between the two. Operation of the tailings
clarifier and the pipeline system between the plant and the tailings storage facility is the responsibility of
the Concentrating Section Manager. Fine tailings storage at the basin is the responsibility of the Basin
Supervisor.

Clarifying equipment at the plant consists of two launder systems and four, 400-foot-diameter clarifiers.
The fine tailings pipeline system consists of two parallel pumping/piping systems. One system serves as a
standby. The pipeline is inspected and tested yearly and the results summarized in a report.

4.3.1 Fine Tailings Operations and Monitoring

The fine tailings system, including the fine tailings clarifiers, pumphouses, and pipeline, will be operated
and monitored consistent with the criteria identified in the following documents held by Northshore:

e The Revised Plan for Operation and Monitoring of the Fine Tailings Handling System (dated
January 25, 2002)

e The Pipeline Testing, Maintenance and Replacement Plan — Final Report (July 19, 2002)

4.3.2 Schedule for Fine Tailings Storage

Fine tailings will be discharged at Dam 1 and Dam 2 to further establish the relatively impervious blanket
upstream of the filter berm creating a seepage cutoff. Coordination of future fine tailings discharge on the
ends of the dams will be required to provide a direct cutoff of seepage water between the interface of the
filter berm and plant aggregate and the pond water. There are two critical points in the development of
the basin. The first is when the pond reaches elevation 1,232 feet. This elevation represents the invert of
the diversion ditch on the north end of the alignment near Dam 2. The pond could potentially flow into
the diversion ditch and basin water would be released from the basin limits. The second point is when the
pond reaches elevation 1,238 feet back into Murphy’s Pond located on the west side of the current West
Ridge Railroad. At this point, the co-mingled water could not be discharged through the diversion ditch



and Murphy's pond would be considered basin or contact water (water that has touched tailings). The
diversion ditch would have to be closed to the north of Murphy’s Pond to prevent release of the contact
water. As a result of the two situations, a plan has been developed for the new West Ridge Railroad which
sets the western limit of the ultimate tailings basin. A revised water management plan is being developed
during the permitting process to account for future small diversions and wetlands impacts.

4.4 Fugitive Dust Emissions

It is Northshore's intent to control dust emissions to the extent practical with existing operations. Dust
emissions are generally from the fine tailings beaches, filter sand, and plant aggregate surfaces of the
tailings basin. The following sections describe the Best Management Practices implemented at the tailings
basin to control fugitive dust emissions. Northshore is experimenting with alternative storage practices
that create elevated platforms or beaches. These “super cell beaches” (elevated or plateau-type beaches)
can be vegetated for longer periods of time due to their elevation above the basin water surface thereby
reducing the potential for dust generation that is common with beaches where tailings are frequently
discharged and creating wind generated dust. The super cell beaches also act as a barrier or improved
seepage cutoff by keeping the pond water further from the crest of the dam.

4.4.1 Dust Control on Plant Aggregate Surfaces

All plant aggregate surfaces at the basin will be vegetated, covered, or otherwise treated as described
below.

1. Total plant aggregate surfaces at the basin will be limited as much as practical and consistent with
current designs.

2. Plant aggregate used for road construction will be adequately covered with native soils or other
suitable natural or artificial barriers.

3. Untreated plant aggregate surfaces will be limited to 300 acres (treatment includes precipitation
and other methods).

4. Untreated plant aggregate surfaces will be limited to 400-foot widths on splitter dikes and
200-foot widths on railroad grades.

These treatments and operating constraints are intended to maintain essentially zero visible dust
emissions, except under extreme meteorological conditions.

4.4.2 Dust Control on Fine Tailing Beaches (above Pond)

Exposed fine tailings beaches will be vegetated, mulched, and/or otherwise treated to the maximum
extent possible under the conditions at the time to control fugitive dust. The use of the super cell beach
will limit the pond water from encroaching on the beach for longer periods of time which limits
resaturation of the tailings and killing the vegetation leading to dust generation when the beaches are
dry.



4.5 Water Management (including Water Quality and Quantity)

The Silver Bay plant and Milepost 7 tailings basin operates as a closed water system with no direct
discharge of water except through the WTP or as otherwise authorized by the Agencies. Because the basin
is a closed system, it is necessary to recycle treated water back to the Concentrator Plant, treat and
discharge water to the Beaver River, and build dams to contain the excess water in the pond at the basin.

A key goal of this Operations Plan is to control the pond water level and provide for safe, efficient storage
of tailings. Controlling the pond water level will minimize the need to raise dams and provide more
construction material for closure. As requested by the Agencies in the early 2000s, the reduction of water
volume was a prior goal that has been achieved during the previous five year plan.

In general, Northshore controls the water within the basin by the following:

1. Net inflow—Controlling the net inflow to the pond from the plant;
2. Basin diversions—Diverting surface runoff away from the basin;
3. WTP—Discharging treated water from the basin through the WTP;

4. Upstream seepage control blanket (super cell beach)—Reducing seepage by sealing the pond
with fine tailings.

These methods of water control and contingencies are discussed in the following sections.

4.5.1 Net Inflow and Revised Watersheds

The net water flow from the plant is tracked and recorded daily. All the process water from plant
operations and runoff from within the plant area is collected and pumped to the basin with the fine
tailings. The tailings settle or are filtered out at the basin and clearer water is reclaimed and pumped back
to the plant for process needs.

Under normal conditions, makeup water for process water at the plant is not required. Under certain
conditions such as starting a tailings pipeline, makeup water is required and an automatic valve opens to
add makeup water to the system. Makeup water is also added to the system through other plant uses,
such as dust control and cleaning processes. The Concentrator Section Manager is responsible for
monitoring the net water pumped to the basin and makeup water additions and is responsible for taking
corrective action as needed to keep net water flow within normal ranges.

4.5.2 Basin Diversions

The basin diversions consist of the headwaters diversions for Big Thirty-Nine Creek, Little Thirty-Nine
Creek, and the west diversions, which are west of Dams 1 and 2. The basin diversions reduce the volume
of water due to surface runoff reaching the pond and are monitored periodically by the Basin Supervisor.



4.5.3 Water Treatment Plant

In 1985, the water treatment plant was completed at the basin to allow water to be treated and
discharged to the Beaver River. This discharge reduces the need for storing water in the pond. The water
treatment plant discharged an average of 2,584 gallons per minutes (gpm) from startup through June
2018, although annual average discharge rates as high as 3,627 gpm had been achieved. The water
treatment plant reduces the volume of free water accumulating in the basin, minimizes the pond level
rises, and limits the need to raise the dams.

In 2007, the water treatment plant was upgraded for higher capacity through the addition of additional
treatment lines. The updated normal water treatment rate ranges from 2,500 to 3,500 gpm; however, rates
as high as 4,200 have been measured over extended periods of time. For 2019-2023, it is anticipated that
the water treatment plant will be operated within the normal operating range. According to the water
balance report, under normal meteorological conditions and at current plant operating rates, the water in
the tailings pond will be reduced. However, it is expected the pond will still rise about 0.7 feet per year
through 2020 because of fine tailings displacing the water and the creation of Dam 1 and Dam 2 super
cell beaches. In 2021, the drainage area to the Dams will increase from 3,525 acres to 5,021 acres with the
addition of 1,701 acres of drainage area to the west and exclusion of the 205 acres drainage to Bear Lake.
With this increase in drainage area, the pond is expected to rise about 3.0 feet per year under current
operating conditions and revised pond area caused by the creation of super cell beaches.

The Concentrator Section Manager is responsible for operation and control of the water treatment plant.

4.5.4 Water Quality Control at Water Treatment Plant

Based on historical data, the turbidity of the influent water to the treatment plant should be targeted to
be less than 50 NTUs to meet plant operational requirements. As originally constructed, the basin water
was previously filtered through splitter dikes and the Reclaim Dam surrounding the reclaim pond before
being pumped to the processing plant and water treatment plant. As anticipated in the 1997 operating
plan, the splitter dikes are now underwater with the exception of the current Splitter Dike. The Reclaim
Dam has also become plugged with fine tailings and ineffective to filter the water as originally intended,
requiring an overflow weir to allow water to flow from the basin pond into the reclaim pond. The water is
no longer filtered by flowing through the dikes and a higher turbidity (suspended solids) exists in the
reclaim water for the concentrator processing facilities and the water treatment plant. During previous
operating plans, methods have been refined for the use of flocculants and coagulants to maintain basin
discharge rates and minimize the influent turbidity (suspended solids) to the concentrator processing
facilities and the water treatment plant.

One method to reduce the turbidity of the water at the water treatment plant has been the construction
of a pipeline from Seepage Collection Pond 1A to the water treatment plant. This water is visibly clearer
and tests show reduced turbidity. This cleaner water is being piped into the Seepage Recovery Pond 1B to
improve the overall process. Through this betterment of the treatment process, higher throughput was
expected and achieved allowing better control of the basin water volumes.



4.5.5 Seepage Cutoff/Upstream Blanket

Seepage from the pond will continue to be managed with the fine tailing blanket in the pond upstream of
the major containment dams. As discussed in a previous section, a new methodology for tailings
discharge and beach development has been used recently. The approach creates a beach to a higher
elevation so that pond water has less impact (rewetting and killing vegetation) over a long period of time.
This configuration will allow the beach to be reclaimed with vegetation for a longer period of time
reducing the potential for wind generated dust.

Seepage flowing through the fine tailings and dam cross section is collected in the seepage recovery
facilities and returned to the basin as described in the following section.

4.5.6 Seepage Recovery Facilities

Each of the three major containment structures (Dams 1, 2, and 5) has its own downstream seepage
recovery facility. In the case of Dam 1, there are two seepage collection ponds identified as 1A and 1B.
These consist of a pond, an emergency spillway, pumping facilities, and a pipeline. The seepage recovery
systems collect any seepage through the dam and collected by the seepage collection ditches or under
the dams plus any runoff from the dams and adjacent direct watershed. The seepage water is rerouted
back to the tailings pond to complete the closed water system at the basin. The seepage recovery systems
are operated and maintained as described in the August 1976 Klohn Leonoff Consultants Ltd. report
"Volume | Engineering Report On Geotechnical, Hydrologic, and Hydraulic Design For Tailings Disposal
Milepost No. 7 Site" including Drawing 292-069, “Seepage Recovery Dams — Reservoir Volume Curves &
Mass Curves.” The seepage collection pond water levels are monitored with remote sensors which report
to the Concentrator Control Room.

The Basin Supervisor is responsible for the operation and control of the seepage recovery systems.

4.6 Requirements for the Dams for Flood Storage Freeboard and
Dam Monitoring

Basin operations monitoring and reporting will be conducted as required by the permits to provide
adequate information to measure the performance of the dams. The primary reporting and monitoring
requirements relevant to the dams are flood storage and freeboard requirements, and dam
instrumentation as discussed in the following sections. An updated water balance was completed in 2018
(Barr, 2018b) to address the issues regarding basin pond level rise. The water balance completed in 2008
addressed issues regarding Probable Maximum Precipitation (PMP), updates to the watersheds, and to
evaluate precipitation monitoring stations.

4.6.1 Flood Storage and Freeboard Requirements

The determination of the appropriate freeboard for the tailings basin is not only dictated by the results of
the normal operating and average hydrologic conditions, but primarily by a combination of upset
operating conditions and hydrologic events of infrequent recurrence, such as a PMP event. The freeboard
requirement for the MP7 Tailings Basin is 10 feet (based on Barr's 1997 report Probable Maximum Flood



Analysis for the MP7 Tailings Basin). Although a revised analysis performed during the development of the
2009-2013 Operating Plan suggested 8 feet would be sufficiently conservative the MnDNR has requested
Northshore to maintain a freeboard of 10 feet as measured at the end of the year.

The following scenarios are intended to present a range of possible annual rise in water surface elevation
of the basin for a variety of operating and hydrologic conditions for the period 2019-2023. Rise in water
surface elevation of the basin is calculated based on:

e Discharges to and from the basin that Northshore controls (tailings slurry water, water reclaimed
to the concentrator, water discharged through the water treatment plant).

e Volume of water displaced by tailings deposition and voids losses from tailing settling and
consolidation (water trapped between tailings particles).

e The combined effect of the following hydrological variables which is called watershed net yield:
surface runoff from the upstream watershed, direct precipitation onto and evaporation from the
tailings basin, and groundwater inflows to and outflows from the basin.

e [t was estimated from available mapping that the total watershed area is 3,525 acres and the
tailings basin pond water surface area is about 1,300 acres for water years 2019 and 2020. In
2021, the drainage area is proposed to increase to 5,021 acres, and the creation of Dam 1 and
Dam 2 super cell beaches will reduce the pond area by approximately 10 acres.

The scenarios of possible pond water rise use Northshore's expected annual operating rates for 2019-
2023 and present some worst-case scenarios in terms of pond rise for wet years assuming Northshore
does not deviate from the planned production values. It is anticipated that a four-furnace operation will
be occurring in 2019-2023. There are many ways Northshore can control the pond level even during wet
years—by reducing production and the amount of fine tailings placed in the basin, or increasing and
decreasing reclaim, slurry pipeline, and WTP discharge rates. The scenarios considered included:

1. The predicted annual rise in water surface elevation assuming average hydrologic conditions is:

o 0.7 feet for 2019 and 2020, which accounts for the creation of super cell beaches along
Dam 1 and Dam 2, assuming only 5% of fine tailings are placed under water

o 3.0 feet for 2021-2023, which accounts for the increase in drainage area to the pond and
the continued use of the super cell beach concept

2. The annual watershed net yield with a 10% probability of exceedance (i.e., the event with a return
period of 10 years) is 19.5 inches, or 8.6 inches more than the annual average watershed net yield
observed from 2013-2017. This extra yield is equal to a 2.3-foot additional rise in the pond level
with respect to average hydrologic conditions. Therefore, the total pond rise for a year with a 10%
probability of exceedance for the conditions assumed in:

o 2019-2020is 3.0 feet, and
o 2021-2023 is 6.3 feet.



3. The 5-year wet annual watershed net yield with a 1% probability of exceedance (i.e., the event
with a return period of 100 years, which will likely include annual events with probability of
exceedance greater than 1%) is 17.5 inches, or 6.6 inches more than the annual average
watershed net yield observed in 2013-2017 over a period of five years. This extra yield is equal to
a 1.8 foot additional annual rise in the pond level over a period of five years with respect to
average hydrologic conditions. Therefore, the total pond rise for a year with a 5-year watershed
net yield with a 1% probability of exceedance for the conditions assumed in:

o 2019-2020 is 2.5 feet, and
o 2021-2023 is 5.6 feet.

4. For a period of 2 months in a given year, the water treatment plant (WTP) discharge system is
shut down for major unanticipated maintenance work, or the discharge to the Beaver River is not
allowed due to water quality issues. This would result in a 0.7-foot additional annual rise in the
pond level with respect to average hydrologic conditions. Therefore, the total pond rise for a year
when the WTP is shut down for a 2-month period for the conditions assumed in:

o 2019-2020is 1.4 feet, and
o 2021-2023 is 3.7 feet.

The basin water balance affects the required rate of dam raise to contain the pond water and, to some
degree, the seepage from the pond. The pond level also affects the minimum dam elevation required for
containing infrequent precipitation events such as a PMP, possible wave run-up, and the amount of beach
above surface water that may require mitigation to minimize fugitive emissions. The water balance
analysis (Barr, 2018b) shows that:

For the period 2019-2023, the dams will be raised to meet freeboard requirements. If average
conditions occur until 2023, pond levels would be expected to rise approximately 0.7 feet per year
through 2020, and up to 3.0 feet per year through 2023. The rise in water level at the end of water
year 2023 could be up to 10.4 feet, reducing the available freeboard if planned dam construction
does not occur for some reason.

4.6.2 Contingencies

Water management contingencies are needed for two scenarios:

1. Significantly less direct precipitation (and resulting runoff) or plant production (fine tailings
and/or water) occurs than assumed in the Operations Plan.

2. Significantly more direct precipitation (and resulting runoff) or plant production (fine tailings
and/or water) occurs than assumed in the Operations Plan.

If less water than assumed is available at the basin, the discharge of water through the water treatment
plant will be reduced and the additional beach that becomes exposed will be mulched, vegetated, or
otherwise treated to control dust emissions.



If more water than assumed is available at the basin, the crest heights of the containment dams (Dams 1,
2, and 5) will be increased to provide adequate flood storage, and the water level will be drawn down over
time through increased flow at the water treatment plant and reduced or minimized augmentation at the
plant until conditions return to normal. Northshore has planned for these events and can quickly raise the
freeboard on the dams by placing additional plant aggregate along the downstream portion of the filter
berms thus increasing the elevation of the dam to protect for wave run up, etc. However it should be
noted and was discussed previously that a railroad grade exists on the top of each dam at an elevation far
above the pond elevation also providing a level of protection against complete overtopping. Furthermore
Northshore has provided another level of protection with the significant seepage collection ditches along
Dams 1 and 2 to collection any increased seepage in the unlikely event that pond levels exceed the top of
the filter berms which represents the worst upset condition. With the significant availability of plant
aggregate along the dams, Northshore could also place plant aggregate immediately adjacent or on top
of the filter berms, further limiting the advance of water across to the elevated portions of the dam
constructed for rail access.

4.7 Design and Engineering

As discussed previously, Northshore has retained Barr to provide ongoing engineering assistance at the
tailings facility. Projects recently completed were dam raises, dam stability evaluations, seepage cutoff
construction, and railroad grades on each dam. These are addressed in the following sections.

4.7.1 Dam Performance

A yearly dam safety inspection has been completed to evaluate dam performance since 2003. The dam
safety inspection was performed as required by permit. Appendix B provides the details of the most
recent inspection.

The dams and diversions along the tailings basin were inspected in October 2018. The inspection included
Dam 1, Dam 2, Dam 5, Seepage Recovery Dams (SRD) 1A, 1B, and 2-3, the Reclaim Dam, and diversion
dams. Observations made during the inspection indicate each of the dams is stable, well maintained, and
acceptable for continued operation. The tailings dam inspection did not identify any unresolved issues
with the condition or integrity of the dams.

Dam construction during 2014 to 2018 included placing plant aggregate on Dam 1, Dam 2, Dam 5, and
the Reclaim Dam. Fine tailings were deposited upstream of Dam 1, Dam 2, the reclaim dam, and the
Splitter Dike. Foundation preparation was started along the western portion of Dam 1 in anticipation for
the next dam raise. Super cell beaches were constructed on Dam 1.

A plan for the maintenance and continued operations of the dams for 2018 follows:

e Continue monitoring the instrumentation on Dams 1, 2, and 5 at least two times a year and
replace defective or non-functional devices.

e Continue installing data loggers and create an instrumentation upgrade plan for the next 5 years
to replace malfunctioning equipment and incorporate near real-time monitoring.



4.7.2

Raise Dams 1, 2, and 5 as necessary to maintain freeboard according to permitted requirements.
Based on current freeboard measurements and anticipated pond elevations, Dam 1, Dam 2, and
Dam 5 will be raised under the current operations plan.

Monitor pond and beach elevations to prevent pond water from coming in direct contact with
upstream filter berms for Dam 1 and Dam 2. This will likely be easily accomplished with the
implementation of the super cell beach concept.

Continue vegetating exposed areas of the dams as they are regraded or raised. In areas where
there is no vegetation and erosion has occurred previously, regrade by placing new material into
the eroded areas and revegetate. This process will reduce damage from regrading by larger
equipment.

Monitor any wet areas that appear at the toes of the dams for evidence of seepage.

Remove brush along glacial till cutoff on dams, and any larger brush present, such as along the
core for the eastern end of Dam 1 and the diversion dam slopes.

Remove algae/cattail build-up from the seepage collection ditches and areas surrounding the
weirs to promote better flow.

Fill in animal burrows, such as the few observed along the seepage collection ditch at Dam 2, per
the FEMA Technical Manual for Dam Owners: Impacts of Animals on Earthen Dams (2005).

Periodically inspect areas where beaver dams have been present in the past and remove any
newly constructed beaver dams.

Dam Raises

An evaluation of Dams 1, 2, and 5 was performed in 2009 to confirm the revised design developed in 2004

is adequate for further use in containing tailings at the storage facility. The evaluation involved an

assessment of the existing, near-term, and ultimate dam configuration conditions. The objective of the

assessment was to identify potential critical design issues with the 2003 proposed changes to the dam

construction to provide a basis for the design of the anticipated next two raises on each dam to elevation

1,245 feet. The study also evaluated the dams at their ultimate elevation, 1,315 feet. The stability analyses

combined the results from the geotechnical evaluation used average and lower bound parameters for

strength with realistic permeability parameters developed from observational data to evaluate the

anticipated condition of the dams over time. The analyses were performed at dam elevations 1,230, 1,245,
and 1,315 feet.

Updated analyses have been performed for Dams 1, 2, 5, and the Reclaim since 2013. The results

represent the current design at the elevation analyzed and supersede the preliminary analyses performed

previously because additional information had been collected. The results of the stability analyses are

summarized in the evaluation report in terms of the factor of safety for the limit-equilibrium method.



Typical (consistent with the current standard of practice) minimum required safety factors chosen for the
project were 1.5 for the drained shear strength analysis and 1.3 for the undrained shear strength analysis.
A safety factor of 1.05 was used for the liquefied strength analysis, assuming all fine tailings liquefied from
some unknown triggering event.

The minimum safety factors used for design were based on confidence in the strength parameters due to
years of testing and studies performed by several consultants. The average strength parameters were
used for liquefied strengths of the fine tailings and the 33rd percentile strength parameters for all other
materials evaluated in the studies. In 2009, the preliminary analysis of subsequent raises and the ultimate
dam configuration considered lower bound strengths to determine if there were any conditions that could
occur that would require further investigation and study. For example, if a lower bound strength analysis
indicated that the factors of safety would be less than required, further investigations and testing would
be planned. As a result of these analyses an investigation and instrumentation program was developed
and conducted in 2013, 2014, 2017, and 2018. The conclusions of the stability evaluations performed for
basin operations for the 2019-2023 Operations Plan are discussed in the following sections.

4.7.2.1 Dam 1 Stability Analyses

The stability of Dam 1 was updated and analyzed in 2013 and are reported in Barr (2013) using recent
observations from instrumentation information and the existing and proposed dam geometry shown on
Figure 5. Similar to analyses performed in 2009, updated analyses were performed for the short-term
undrained conditions (undrained strength stability analysis, USSAyield and USSAjiquefied) and long-term
conditions (effective stress stability analysis, ESSA). The results of the stability analyses presented in
Table 3 the computed factors of safety are adequate for the conditions analyzed. While the long-term
condition with a crest elevation at 1,245 feet and a maximum normal pond at elevation 1,235 feet is also
considered stable. Careful management, ongoing evaluation, and monitoring will allow changes to be
made to the dam configuration or updates to the geotechnical properties of the tailings prior to reaching
this elevation. As discussed previously, a geotechnical investigation along the toe of Dam 1 was carried
out in 2013 and others in 2017 and 2018. The intent of the plan was to install updated instrumentation
and replace other instruments necessary for evaluation of the dam. Samples were also obtained of
foundation materials for laboratory testing as part of an ongoing process to update the design strengths
of materials found within the basin area.
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Table 3 Computed Factors of Safety for Various Scenarios

ESSA 245 242 243 242 1.5
ESSA Block Failure 2.26 2.21 2.22 2.19 1.5
USSA, Fine Tailings Yield 160 158 158 158 13
Strength

USSA, Fine Tailings Yield

Sty 1ok e 1.52 1.47 1.47 1.45 13
USSA, Fine Tailings Liquefied 157 153 153 157 1.05
Strength

USSA, Fine Tailings Liquefied 141 136 137 135 1.05

Strength, Block Failure

4.7.2.2 Dam 2 Stability Analyses

The stability of Dam 2 was previously analyzed in Barr (2009) with preliminary analyses using the existing
and proposed geometry shown on Figure 6 and used the strength parameters developed under the
methodology used at the time of preparation of Barr (2009). The results of the preliminary stability
analyses have shown the computed factors of safety are adequate for both existing and long-term
conditions where the pond level was assumed 10 feet below the crest of the dam at elevation 1,305 feet.
The ultimate elevation is stable and meets the required minimum safety factors.

Updated analyses were performed in 2016 in preparation for a future dam raise to elevation 1,248 feet
using revised methodologies to evaluate strength and seepage parameters from field and lab testing. The
results of the slope stability modeling are reported in Table 4 and show that the dam is stable under this
configuration.
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Table 4 Computed Stability Factors of Safety for Various Scenarios

Factors of Safety for Dam 2 Crest Elevation 1,248 feet

Tailings Pond at
Tailings Pond at 1,245 feet, Minimum
1,238 feet, Future Future Beach at Acceptable

Tailings Pond at
1,238 feet,
Existing Beach

Tailings Pond at

Slope Location and
1,215.3 feet

Material Configuration

(Existing Spring (10-foot Beach at 1238 feet 1238 feet FOS
2014) (10-foot freeboard) (3-foot
freeboard)
freeboard)

Downstream Slope,
ESSA 2.85 2.84 2.85 2.84 1.5
Downstream Slope,
ESSA Block Failure 2.91 2.91 291 291 1.5
Downstream Slope,
Operational 1.75 1.74 1.74 1.74 1.3
Conditions
Downstream Slope,
Operational
Conditions, Block 1.77 1.76 1.76 1.76 1.3
Failure
Downstream Slope,
USSA 1.77 1.76 1.77 1.76 1.3
Downstream Slope,
USSA, Block Failure 1.75 1.75 1.75 1.75 1.3
Downstream Slope,
USSA, Fine Tailings 1.76 1.75 1.76 1.75 1.05
Liquefied Strength
Downstream Slope,
USSA, Fine Tailings
equsiied S, 1.76 1.76 1.76 1.76 1.05
Block Failure

4.7.2.3 Dam 5 Stability Analyses

Similar to Dams 1 and 2, preliminary analyses were performed in 2009 to assess the ultimate dam
configuration at crest elevation 1,315 feet. The analyses indicate stable conditions for the configurations
described and presented in Barr (2009). While the dam conditions or scenarios analyzed at the time are
not entirely similar to the most recent analysis, the preliminary analyses are adequate for long range
planning and will be updated during the design of each dam raise. Figure 7 shows the configuration for
Dam 5.

A stability analysis and design for raising the Dam 5 crest to an elevation of 1,245 feet with downstream
slopes matching the 1,260 feet design was completed in 2018 (Barr, 2018). Construction of the dam raise
to elevation 1,245 feet was started in 2018 ending at elevation 1,236 feet in 2018. The dam will be
constructed in to a crest elevation of 1,245 feet in 2019. The analysis included a review of seepage and
slope stability using the proposed dam configuration and anticipated adjacent tailings pond levels.

22



The results of the analyses for a dam crest elevation of 1,245 feet are presented in Table 5 and indicate
acceptable conditions under the current operating criteria. This analysis includes maintaining a toe pond
elevation at 1,181 feet.

Table 5 Computed Factors of Safety for the Downstream Slope of Dam 5
. Minimum Resulting Model Factor of Safety

Slope Location and

Material Confi . Acceptable Factor : .
aterial Configuration of Safety Mid-Slope Failure Large Failure

Normal Operating Pool (10 feet below crest)

Downstream Slope, ESSA 1.5 2.14 2.44

Downstrgam Slope, ESSA 15 232 237

Block Failure

Downstream Slope, USSA 1.3 1.39 1.68

Downstream Slope,

USSA, Block Failure 13 141 1.66

Flood Pool

Downstream Slope, ESSA 1.5 2.10 2.38

Downstrgam Slope, ESSA 15 208 535

Block Failure

Downstream Slope, USSA 1.3 1.30 1.63

Downstream Slope,

USSA, Block Failure 13 1.31 146

4.7.2.4 Reclaim Dam Stability Analyses

The Reclaim Dam is an interior dam that creates a ring dike around a historical low area within the basin
which allows water to be ponded where floating pump stations return water to the plant or the water
treatment plant. Updated stability analyses were prepared in 2015 to address planned dam raises and
development of potential configuration changes to the Reclaim Pond. The dam configuration varies along
the alignment and therefore three cross sections were evaluated for crest elevation 1,235 feet and the
next dam raise to elevation 1,245 feet. Both shallow failures which affect the outside slopes of the dams
and deep-seated failures which could compromise the dam integrity and likely lead to failure of the dam
cross section were evaluated. Table 6 to Table 9 present the results of the stability analyses.

As can be seen in the tables, the upstream stability analyses indicate factors of safety less than minimal
accepted values. This is the result of the fill placement over ground created by discharging tailings from
the emergency line from the valve house. For this analysis it was assumed that the plant aggregate was
placed over “fresh” tailings which had not dried/dessicated or gained strength. This is a conservative
assessment because the beaches in this area have been shown to adequately support farm tractors,
pickup trucks and some heavy equipment like excavators. In addition, Barr completed a limited field
investigation in the area in 2018 and found that much of the tailings tested and obtained with thin-wall
sampling methods within the depths explored were identified more as sands to silts in a dry condition.
These materials are different from those evaluated within deeper deposits further from the discharge
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point when developing the strengths of the fine tailings in both the yield and liquefied strengths. Since

this study, construction observations have shown that even minimal fill heights of plant aggregate (2 feet

or so) observed around the reclaim dam area can support heavier mining equipment and therefore the

strengths of the tailings in this area are higher than the strengths used in the analyses.

Table 6 Computed Factors of Safety for Station 15+00
Factor of Safety
Shallow/Slough Failure Deep-Seated Failure
USSA USSA
Medel Scenario li"je Fine Tailings pggp  Fine Tailings Fine Tailings
Tailings . . q q .
vield Liquefied (1.5) Yield Liquefied
Strength Strength Strength Strength
1.3) (1.05) (1.3) (1.05)
Crest at Elevation | Downstream 1.54 144 1.86 1.86
1,230-1,232 ft Upstream 11309 | 090 | 04472 | 186 132 | 0.5409
Crest at Elevation | Downstream | 1.07¢ 1.01® 1.54 154
1,245 ft Upstream 1132 | 0.88® | 044029 |1.4002 | 10402 | 0.44029

Table 7 Computed Factors of Safety for Station 27+00
Factor of Safety
Shallow/Slough Failure Deep-Seated Failure
USSA USSA
Model Scenario T F.|I|.1e Fine Tailings T F.|I|.1e T F.IIPe
ESSA (1.5) Tailings Liquefied ESSA (1.5) ailings Tailings
Yield Strenath Yield Liquefied
Strength a Og) Strength  Strength
(1.3) : (1.3) (1.05)
Crest at Elevation Downstream 1.13 1.20°% 1.51 1.54
1,230-1,232 ft Upstream | 1.420 | 142 | 09102 188 150 | 0.990.2
Crest at Elevation Downstream 1.143 1.113 1.31M 1.31
1,245 ft Upstream 1120 | 1120 | 08002 | 14602 | 1.2102 | 0.8502
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Table 8

Scenario

Computed Factors of Safety for Station 37+00

Factor of Safety

Shallow/Slough Failure
USSA

Deep-Seated Failure
USSA
Fine
Tailings
Liquefied
Strength
(1.05)

Fine Tailings Fine Tailings
Yield Liquefied
Strength Strength
(1.3) (1.05)

Fine Tailings
Yield
Strength
(1.3)

ESSA (1.5)

Crest at Elevation | Downstream 1.50 1.32 2.57 1.57
1,230-1,232 fi Upstream | 1489 | 1.002 | 0.90@ 218 173 | 118
Crest at Elevation | Downstream | 0.97® 0.92% 2.18 1.92

1,245 fi Upstream | 0.84® | 1.002 | 0.850 157 139 | 1019

Table 9

Shallow/Slough Failure

Computed Factors of Safety for Station 37+00 Considering Block Failure Conditions

Factor of Safety Considering Block Failure Conditions

Deep-Seated Failure

USSA USSA
Scenario Fine Tailings Fine Tailings Fine Tailings TaFi:?ne -
Yield Liquefied ESSA(15)  vied . 2"9°
Strength Strength Strength S:' enath
() (1.05) (1.3) R og)
Crest at Elevation | 5\ 0ctream 150 132 2.61 2.20
1,230-1,232 ft,
Block Failure Upstream | 1.48% |  1.00? 0.90? 2.18 174 1.18
Conditions
Crest at Elevation | o nstream | 0.97® 0.9263) 2.12 1.36
1,245 ft, Block
Failure 3 > 3 4
. Upstream 0.840% 1.00? 0.853 1.57 1.35 1.01@
Conditions

For the shallow/slough failure scenarios, representing maintenance concerns, some of the reported FOSs

are less than the corresponding minimum FOSs. Those values less than the minimum FOS for the

geometry at crest elevations at 1,230-1,232 feet are greater than 1.0 except for the upstream slope USSA
scenario including liquefied fine tailings. The resulting failure surfaces are near the dam face through the
sloughed plant aggregate, except for the upstream USSA scenarios where shallow bearing capacity

failures occur near the upstream toe. It should be noted that placement of plant aggregate has occurred

in this area since these analyses were performed and undesirable performance has not been observed.

For scenarios including the geometry for the dam raise to 1,245 feet, all of the FOSs are less than 1.0 for
shallow/slough failures except for the USSA upstream scenario with fine tailings yield strength, which is at
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1.0. Models indicate these failures are mainly thin and occur at the surface of the steep slopes of plant
aggregate placed to raise the dam except for the upstream USSA scenarios, where shallow bearing
capacity failures occur at the upstream toe on “fresh” tailings.

For the deep-seated failure scenarios, representing deeper failures that could affect the core zone of the
dam, all the FOSs are greater than corresponding minimum FOSs for the existing dam configuration, with
the exception of the scenarios for the undrained, liquefied tailings on the upstream slope for all the
stations and the undrained tailings with the yield strength for station 15+00. The FOS for the upstream
side of the dam at station 15+00 for the yield strength tailings was greater than 1, but the FOSs for the
liquefied tailings scenarios were again less than 1.0. Although the liquefied strength analysis indicates a
low factor of safety less than 1.0, this scenario requires a triggering condition which rapidly changes the
stress within the embankment. This change in stress could be a rapid loading or unloading, change in
water level, etc.

For the deep seated failure scenarios including the future dam configuration with the crest at elevation
1,245 feet, the modeled factor of safety for some upstream and downstream ESSA scenarios, as well as
most of the upstream USSA scenarios was less than 1.0. These failure surfaces extend through the dam
crest near the interface of the sloughed and compacted plant aggregate.

The configuration and future use of the Reclaim Dam is being evaluated and options developed for future
dam raises. At this time, the dam crest has been constructed at a reduced width to limit traffic across the
top as options are being evaluated.

4.7.2.5 Dam Stability Related Objectives

The following presents the objectives that Northshore will follow based on the conclusions of the recent
dam evaluations. Northshore will:

e Continue the monitoring program at each of the dams to provide background information and
compare to the stability models.

e Monitor more closely the groundwater pressures at the toe of all the dams. Additional
piezometers have been installed at the toe of Dam for Dams 1, 2, SRD 1A, SRD 1B, and SRD 2-3 at
the toe of the dams will occur to monitor seepage pressures. The instrumentation includes data
loggers to evaluate to more closely monitor the changes over time. Compare the monitoring data
to the calculated model values to evaluate the effects of changes.

e Continue to measure the shear strength of the fine tailings. This includes characterization of
dilative or contractive behavior of the fine tailings relevant to liquefaction assessment in an
ongoing process. This will allow the evaluation of the tailings’ liquefied strength to continue over
time.

e Increase the knowledge and understanding of the current physical properties now and the
potential future changes within the lacustrine clays under the dam footprints.
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4.7.3 Instrumentation Monitoring

Instruments have been installed within Dams 1, 2, and 5, including settlement plates (most of which have
been damaged and no longer used), inclinometers, seepage weirs, and piezometers. The seepage weirs,
piezometers, and inclinometers are monitored and data reported biannually by Barr. The monitoring
instruments are used to measure the performance of the dams and their foundations as the dams are
raised and the elevation of adjacent ponds increases. The two major geologic features monitored for the
dams that significantly affect stability are the lacustrine clay and glacial till layers that comprise the dam
foundations.

The lacustrine clay is characteristically “soft,” and when load is applied deforms and develops increased
pore pressures. The lacustrine clay is also varved, allowing pore pressures to easily be transferred
horizontally. The clayey to sandy glacial till is characteristically very "hard” or dense but relatively pervious.
Water within the till is pressurized from tailings pond head and adjacent groundwater flow and contained
by the relatively impervious lacustrine clay above it. This creates potential uplift pressure downstream of
the dams along the toe. This condition is being managed using relief wells and drains along the
downstream toe of Dam 1 and Dam 2. Uplift of dam construction materials along the toe of Dam 5 is
presently being managed by a plant aggregate buttress, which will also be incorporated into the
downstream dam slope as part of future raises. For all dams, the water pressure in the glacial till is being
measured with piezometers.

The most recent biannual monitoring event was completed in the fall of 2018. Data collected from
piezometers, relief wells and inclinometers previously installed on Dams 1, 2, 5, and the Reclaim Dam are
summarized in the monitoring report.

The data collected from instrumentation in the fall of 2018 does not indicate any significant changes have
occurred since the spring of 2018 for Dam 1, Dam 2, or Dam 5. New instruments were installed in 2015 on
the crest and at the toe of Dam 2 to replace older instruments and to provide additional insight into
porewater pressure conditions within the dam where no instruments previously existed. New instruments
were also installed in 2018 to replace damaged instruments at Dam 5 and to augment porewater pressure
monitoring downstream of the clay core. Additionally, three nests of piezometers were installed in 2018
along a cross-section within the east end of Dam 1 where no instruments have previously been present. A
nest of VW piezometers was also installed at the toe of each of the seepage recovery dams after the fall
monitoring event, and will be incorporated into the biannual monitoring events in 2019.

Inclinometers are used to evaluate deformation of the dams. Apparent surficial movement is attributed to
surface creep and casing movement possibly through freeze-thaw. Although slight creep has been
observed in some deeper zones of inclinometers within Dam 1 and Dam 5, more significant deformations
have not been observed in recent years. Inclinometers have been assessed using a downhole camera over
the last several monitoring events, and based on these observations, a general plan has been developed
for replacement of some of the damaged and/or older inclinometers.

In 2017 and 2018 Northshore installed data loggers at all the vibrating wire piezometer locations. The
intent is to more closely monitor porewater pressures during construction and changes to the basin such
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as pond water levels. In 2017, Northshore installed pond level monitoring devices in each of the seepage
collection ponds to more closely track the water levels in the control room.

Other instruments that are damaged or have become inoperative may be replaced or abandoned and
new instruments added as required at the direction of the Basin Engineer. The ongoing investigation
program was developed based on this requirement.

4.7.4 Railroad Construction

Plant aggregate is a necessary component for dam construction and other projects at the tailings basin.
As part of the storage practices, the plant aggregate is hauled by rail to both Dams 1 and 2 every day of
production. In order to adequately place the material with limited additional handling, the rail lines cross
both of the dams. As the dams are raised, the railroad grades are also raised in advance or higher
elevation than the upstream portion of the actual dam. This results in dam grades higher than the filter
berms, which are considered the “dam crest.” Dam 1 was raised in 2017 and 2018 to an elevation of 1,265
feet. In 2010, Dam 2 railroad grade was raised to about elevation 1,245 feet and the extension from Dam 2
to Dam 5 was completed in 2012 at elevation 1,245 feet. Future railroad grade changes will consist of a
raise and an extension of the Dam 2 rail down to Dam 5 to about elevation 1,270 feet, the new West
Ridge Road alignment that will be the final railroad grade and will allow access to both Dam 1 and Dam 2
at their ultimate design at elevation 1,315 feet, and an extension of the Dam 1 rail to Dam 5. The design
process has begun and will continue for the next several years as alignment alternatives and construction
plans, specifications, and permits are completed. It is anticipated that the new rail grade will be needed in
about 3 to 4 years and will require a several year construction period.

4.7.5 Bear Lake Outlet

The existing natural outlet for Bear Lake drains into a seepage collection pond at the toe of Dam 5 and is
pumped periodically to the basin reclaim pond. The location of this drainage path is historical as Bear
Lake has always flowed in this direction before the tailings basin was constructed. Currently, if the water is
not pumped out of the seepage collection pond, the seepage and runoff water level will rise and could
overflow into Bear Lake. Since 2016, Northshore has been working to construct the final Bear Lake Outlet
down towards the east and south down the hillside. The remaining portion of work will be completed in
2019 which included a tunnel under the pipeline road and the channel and structure at the lake. Once the
vegetation and channel have been stabilized, the outlet into Dam 5 seepage collection pond will be
closed and water will flow out through the new channel. This is expected to take place in 2019 when a
screen berm is constructed as the final phase of the project.

4.7.6 Site Survey Control

The tailings basin has been surveyed historically as part of the permit requirements, and site survey
control is available within the basin. The site survey monuments are shown on Figure 1. The control is
checked intermittently against points used frequently for survey and layout. The control is used for the
construction of the basin only and not for long-term deformation monitoring. | Quantum Spatial of
Lexington, Kentucky completed an aerial survey based on May 4, 2017. The results of the survey were

28



used for design work in 2017 and 2018. Northshore generally performs its own construction staking using
GPS with a base station located on a control point at the landfill.
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5.0 Basin Closure

5.1 Introduction

A basin closure plan has been developed and implemented to address current needs and configuration of
the facility; it was based on conditions present since 2003, when the 2004-2008 Five Year Operating Plan
was developed introducing significant changes to the operations and construction of the tailings basin.
The planned closure approach, presented in the 2004-2008 Five Year Operating plan was consistent with
the spirit of the Closure Consensus Plan (CCP) developed when Reserve Mining Company closed in 1986.
At that time, the tailings basin was left with a significant amount of excess stored water, minimal plant
aggregate to construct any additional required features, and threatening the long-term stability of the
containment dams (Dams 1, 2, and 5). The facility also had limited means for treating and discharging
basin water and, therefore, an inability to control the overall water balance of the basin in the event of
storms or wet years. Particular issues related to the need for a closure plan that were addressed in the CCP
were the needs for maintenance or improvement of dam stability, provisions for flood storage, treatment
of water for release until direct release is authorized, ongoing dust control, revegetation of reclaimed
surfaces, and long-term erosion control. Since the development of the 2004-2008 Five Year Operating
plan, NSM has made significant progress to limit the risks and liabilities associated with any future basin
closure.

In general, a basin closure plans should include the following items:

e General descriptions of plans (both planned and unplanned closures)

e Programs for perpetual maintenance and safety of the basin including adequate monitoring
e Management of ponded waters

e Monitoring and mitigation of surface and groundwater pollution

e Vegetation and landscaping plans

This five-year operating plan encompasses these objectives which were also embodied in the 1988
Closure Consensus Plan with details updated as noted to reflect existing conditions and information. This
issuance of this updated plan supersedes in full the CCP and all obligations contained therein.

5.2 Recent Initiatives (2003 to Current)

Beginning in 2003, NSM developed initiatives to meet the overall objective of being prepared for closure
activities while also reducing costs in the event of closure. One of the major concerns of the regulatory
agencies was the amount of stored water in the basin in the 1980s and 1990s. This was seen as a risk in
the event of closure, and NSM developed a plan to reconstruct splitter dike 2 and to discharge tailings
into the deeper portions of the basin. The CCP required that fine tailings be used as bulk fill and,
therefore, tailings were discharged on the dams and off the splitter dike, effectively reducing the depth of
water from more than 70 feet to 20 feet or less in the north and south ponds. As a result of filling the
basin from splitter dike 2 and both the Dam 1 and 2 beaches, the segments of cells 1 and 4 nearest the
dam are filled eliminating two of the chief concerns that the CCP sought to resolve; a larger than desired
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pond size and lower factors of safety on dam stability. The pond is now two smaller ponds connected by
culverts through splitter dike 2.

A plan was also developed to discharge tailings onto the beach within a “training” or sacrificial upstream
dike enclosure to create “super cell beaches.” These beaches are raised 10 to 20 feet above the pond,
depending on the height of the filter berm above the pond surface, and are 200 to 400 feet wide. The
configuration has been created so the tailings can dewater after discharge on the beach and within the
dikes and support equipment for grading and vegetation that can develop, grow, and stabilize the tailings
over a number of years until it is necessary to discharge over the beach again. This process addressed the
concern in the CCP that the beaches would stay wet and were undulating, thereby trapping water on the
surface. In fact, the approach to long-term stabilization of fine tailings is very similar to practices at other
tailings storage facilities in the area and was used in effectively stabilizing the Cell 2W surface at the LTV
Steel Mining Company project. This approach will also not require plant aggregate cover, use of which has
proven to make it more difficult to achieve a stabilized surface in short periods of time. The use of super
cell beaches in all modes of closure described below minimizes resuspension of tailings due to additional
water depth over the wave zone; maximizes the use of vegetation on the fine tailings surfaces, which is
the current successful practice for achieving interim and final cover at NSM (and other northern
Minnesota mining facilities); minimizes the demand on plant aggregate resource at the basin, which could
be used for other construction and mining activities; maintains adequate distance of the tailings basin
pool away from the crest of the dam, and minimizes overall dust generation during closure from hauling
aggregate and placing it over fine tailings beaches.

The CCP stated that the water treatment plant would be used to treat and release water until such time
that direct release could occur and an increase in capacity would be required. In 2007, the water treatment
plant was updated by adding rapid-mix, flocculation and filtration treatment capacity. In recent years flow
rates have been achieved up to about 4,200 gpm, achieving the long-term design consideration
envisioned in the CCP for improving control over the water balance. The water treatment plant has been
shown to effectively manage the basin water volume over time, keeping water levels below the elevations
required for the design and flood conditions. As a result of the upgrades to the water treatment plant, the
current state of minimized water pond, and stable dams described previously, the plan updates proposed
in the following sections align with the limited wet closure goals of smaller, less voluminous ponds and
eliminate the need for a substantial overflow channel unless otherwise deemed necessary by further water
balance studies.

5.3 Closure Conditions

Closure is defined as the cessation of operations of the concentrating plant in Silver Bay and the resulting
cessation of tailings deposition at the basin. Closure can occur in several forms, including:

e Temporary closure, defined as a short-term shutdown of the plant and basin operations for a time
period that may last several years, as experienced between 1986 and 1990. A temporary closure
becomes a permanent closure when the plant in Silver Bay is no longer maintained in a condition
to restart operations.



e Premature closure, defined as an unplanned permanent cessation of operations with little or no
prior notice.

e Planned final closure, defined as permanent cessation of operations with sufficient prior notice to
accomplish much of the basin closure construction during the last years of plant operation.

In all three cases, the closure would follow the concepts established in this plan, with the main differences
related to timing and the source and placement of the materials.

As defined by Minnesota state law, the planned final closure and demolition of a taconite plant must
include a 2-year holding period, during which the facilities are sufficiently maintained to allow operations
to restart. Any final closure can only proceed after this holding period. The effect is that any planned final
closure is treated as a temporary closure for at least 2 years.

The following sections contain general closure plans for each of the scenarios listed above. In all cases,
detailed plans including the final pond level to be achieved, the location and design of spillways,
perpetual maintenance requirements, and other details would be finalized at the time of closure.

5.3.1 Temporary Closure

In the event of a temporary cessation of operations at Milepost 7, the following steps will be taken:

1. The Basin Operations Plan will be adjusted to reflect the cessation of operations and detailed
plans developed to hold the basin for the required 2-year period.

2. The freeboard and stability of the containment dams (Dams 1, 2, and 5) will be evaluated and
corrective action will be taken as required to protect public health and safety.

3. Water treatment plant operations will continue as required to control the pond level and maintain
adequate freeboard for the dams.

4. Areas of exposed, untreated plant aggregate and fine tailings will be treated or covered with
mulch minimizing dust emissions.

5. Monitoring and instrumentation of air and water quality will continue, as required.
6. Operation of the seepage recovery facilities will continue as designed.
7. Stream diversions will continue to be inspected and maintained.

8. The basin facilities will be maintained and kept in a condition to allow operations to resume when
appropriate.
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5.3.2 Premature Closure

In the event of a premature closure of the basin, the following steps will be taken:

1. The basin will be held, following the steps listed in the temporary closure section, for a period as
defined by Minnesota State Law (2 years) to allow operations to resume if appropriate.

2. A detailed closure plan will be developed to define the final closed configuration of the basin
including updated water balance, spillway design, water treatment operation, a vegetation plan,
perpetual maintenance requirements, and a closure schedule.

3. Although the dams are currently stable under a variety of conditions, steps will be taken to
evaluate the final stability for the proposed conditions for the containment dams (Dams 1, 2,
and 5) and adjust the configurations if needed to meet the goals of the closure plan. There is
currently about 1,412,851 cubic yards of plant aggregate available that can be used for the
construction activities such as raising freeboard of the dams.

4. At the end of the temporary closure period, based on a schedule developed by Northshore and
approved by the agencies, the following will occur:

a. Remaining exposed fine tailings will be vegetated to prevent erosion and dust emissions
similar to other basins that have undergone closure in Minnesota.

b. Wave erosion zones on the fine tailings will be addressed to minimize re-disturbance; this
could be achieved through cover with plant aggregate or other suitable materials to produce
a reclaimable surface.

¢. Buildings, pipelines, and other structures not required for future maintenance will be
removed.

d. All roads, railroad grades, dikes, borrow pits, building sites, or other disturbed areas not
required for future maintenance will be contoured and vegetated.

e. An emergency spillway will be designed and constructed to handle runoff and protect the
integrity of the containment dams (Dams 1, 2, and 5).

5. NSM will continue to operate the water treatment plant to control the pond level until such time
as the pond water quality allows direct discharge of pond water outside of the basin.

6. With the improvement in water quality, direct discharge will be used to control the pond level in
the following manner:

a. An operating spillway will be excavated to control the basin surface-water level.

b. The stream diversions and seepage recovery dams will be breached.
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c. The water treatment plant will be shut down.
d. All remaining structures and roads not required for future access will be reclaimed.

7. Periodic monitoring and inspections will continue until the basin is deemed to be reclaimed to a
natural self-sustaining condition.

5.3.3 Planned Final Closure

For a planned closure of the basin, the following steps will be taken:

1. Upon cessation of operations, closure will continue, following the steps listed for temporary and
premature closures.

2. Prior to final closure:

a. The basin will be managed to minimize the pond water volume and the pond will be filled
with fine tailings in a manner that will force the water to the west shore of the basin.

b. Exposed beaches will be shaped to form a surface capable of reclamation and vegetated.
Plant aggregate will be placed in wave erosion zones to minimize erosion and wave
resuspension of fine tailings.

¢. The water treatment plant will operate as required to control the pond level and minimize the
pond water volume.

One difference between the current closure plans detailed above and the Closure Consensus Plan is that,
in the current plan developed in 2004, the fine tailings stored underwater below wave erosion zones will
not be covered with plant aggregate. At the time of the Closure Consensus Plan, it was thought that the
fine tailings covering the pond bottom would be continually re-suspended and not allow the pond to
clarify. To cover and contain all fine tailings, a 1-foot layer of plant aggregate was to be placed over the
entire pond bottom. However, observations during the temporary plant closure (1986 to 1990) showed
that basin water clarity improved dramatically during the first few months after operations ceased,
indicating that a layer of plant aggregate over the underwater fine tailings is unnecessary. Studies and
experience since 1988 have corroborated this finding.

The uncompacted plant aggregate unit weight is about 134 pounds per cubic foot and the fine tailings in
the center of the basin can weigh as little as 75 pounds per cubic foot. Because the plant aggregate is
much heavier than the fine tailings, it would be difficult to place a layer of plant aggregate under water on
top of the soft, fine tailings without displacing, disrupting, or co-mingling the two, resulting in inefficient
stabilization. The difficulty of placing aggregate would be compounded by the long-term differential
settlement of fine tailings (and slimes) that would occur with the added weight of the aggregate. Even if a
thin layer of plant aggregate could be established on the fine tailings, the differential settlement would
likely expose other fine tailings, rendering the cover ineffective. Based on this scenario, placing plant
aggregate cover over the entire pond bottom is not part of the current plan.
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6.0 Summary

6.1 Objectives of Operations Plan

The proposed operations plan is intended to meet the following major objectives:

1. Providing storage of all fine tailings in the basin with special emphasis on supplementing the fine
tailings blankets upstream of Dams 1 and 2 as a normal, ongoing practice of tailings discharge for
sealing the dams and the bottom of the pond. Raising all dams, as necessary, to maintain
adequate freeboard to contain the PMP. Dam construction will include dam stability and safety
considerations addressed during the design process.

2. Managing plant aggregate material for dam construction and stockpiling for basin closure.

3. Controlling the basin water level and volume by diverting runoff away from the basin, discharging
water from the basin (via water treatment plant and discharge to the Beaver River), and managing
net plant water.

4. Controlling dust from the fine tailing beaches in the basin through the use of super cell beaches
and vegetation.

5. Raising and/or relocating the railroad grades on Dams 1, 2, and 5.
6. Planning for the ultimate railroad configuration along the western side of the basin.

7. Performing basin reclamation as appropriate during operations to minimize activities required for
closure.

6.2 General Considerations, 2019 through 2023

The analyses show that the dams, if constructed as proposed and shown in Table 2 will provide adequate
freeboard for normal variations in precipitation and the PMP flood event. The dam safety inspection,
along with the ongoing testing, instrumentation, and stability analyses, will continue to demonstrate
reliable dam design. The ongoing approach for the dams is to prepare plans and specifications for
construction along with construction inspection to verify that the dams are constructed as designed and
within acceptable margins of safety. The ongoing evaluations of the long-range plan for dam construction
including slopes, access routes and West Ridge Railroad alignments, material delivery, and material
stockpiling, will occur during this Operations Plan to provide long-term guidance for operations of the
facility. The plans presented in this report will provide the basis for the final details of the plan. Treated
water will continue to be discharged from the basin to Beaver River to allow for control of water levels
within the basin.

35



Figures



BASIN CONTROL

. : NUMBER| NAME | NORTHING | EASTING ELEVATION
/;;g XL 1A ‘}) 5 f ( { [j}? Ly i 9 HV—9 | 621587.4510] 3048856.4250| 1308.69
s LA 7 ?Q = 11 HV—11 |620725.25803059623.2150 1201.82
SEEPAGE COLLECTION PON =\ 16 HV—16_|615676.6820 | 3054865.0750 | 1214.85
T
SION DIKE 1C~
S S S z
i P 3 4 EL 1243.9
’ DAM 2 RR
e
AlM },@’
- DIVERSION 17
DIVERSION DIKE 2
DIVERSION 2
e
WEST RIDGE ROAD
JINNNY
7
o
A8 ,
ASH LANDFILL >~ " 7/
: S
ul <POND W.L. +1221.0 ( ( f
L =
. 2 i
NN ~ P~ N\ Sy E/fSTl ¢ LAKE QUTLET
) / N § 73
\L - - ~ .
\RECLNM DIKE
SEEPAGE COLLECTION . £ - It ‘ 2 LAYOUT NOTES:
% < y : - R S ‘ L / & = 1. LAYOUT BASED ON CONTOURS DEVELOPED FROM LIDAR BY QUANTUM SPATIAL OF
} ; £ \y ' N [ / LEXINGTON KENTUCKY COMBINED WITH BATHYMETRY BY BARR ENGINEERING. LIDAR
/ / COMPLETED APRIL 21, 2017. BATHYMETRY COMPLETED JUNE 6, 2018. MAPPING

BASED ON THE FOLLOWING DATUM:

— VERTICAL DATUM: TWO FOOT CONTOUR
INTERVAL BASED ON NORTH AMERICAN
VERTICAL DATUM OF 1988.

— HORIZONTAL DATUM: MINNESOTA STATE PLANE
COORDINATE SYSTEM, NORTH ZONE,

CADD USER: Greg Johnson FILE: M:\DESIGN\23380086.00\23380086 5YR_2018 OP_FIGURE 1.DWG PLOT SCALE: 1:2 PLOT DATE: 1/2/2019 7:48 AM

\‘mo es in Drawing — K:\Design\23380086.00\NORTH_SHORE_APRIL12.tif
GSJ  K:\Design\23380086.00\23380086 5YR_OP_Figure 1.dwg Plot at 100 12/03/2013 14:25:41

S AN NAD 83/96
E_RECOVERY POND'
0 1000 2000 @
- ‘S‘C“AL‘E‘ IN FEET
Soaie B : = BARR PROJECT No.
MP—7 TAILINGS BASIN
Date —
EoTo 3R T e Sir (s 2" NORTHSHORE MINING COMPANY SILVER BAY, MINNESOTA OB Ao
' Checked ATG
ey N O B B e o v A SILVER BAY, MINNESOTA FIVE YEAR OPERATING PLAN TR
cri]aep] DaTe REVISION DESCRIPTION T0,/FOR DATE RELEASED e aaryyy  wwwbarr.com Topoved 2018 BASIN CONDITIONS FIGURE 1 A




Pond Elevation (feet)

1225

1220

1215

1210

1205

1200

1195

1190

1185

1180

1175

Figure 2: MP7 Tailings Basin Pond Elevation

1989-2018 Historical Data

4 Observed Average Pond Elevation /d,,A/h
M A
 —
/ a /\/
/\A///—j/-/\/\
LN AN A r/\N-/\'
N
o - ™ T} ~ o - ™ o) ~ o - ™ T} ~
© o o o) o 1o o o o o o - — - —
(o)) (o] (o)) (o] (o)) o o o o o o o o o o
— - - — I — N N N N N N N N N
~ ~~ ~~ ~~ ~~ ~~ ~~ ~ ~ ~ ~ ~~ ~ ~~ ~
= = S S o)) o oo} oo} ~ ~ oS oS T} T} <
= = %) %) N N N N o~ N N N (\I N N
o O ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~ ~~ ~ ~
— - o) o) o) o) o) o) Io) o) o) o) o) o) 1o

Date

P:\Mpls\23 MN\38\2338086\WorkFiles\2018_Work\5Y 18\5YOP\pond levels.xIsx




CADD USER: Greg Johnson FILE: M:\DESIGN\23380086.00\23380086 S5YR_2018 OP_FIGURE 3.DWG PLOT SCALE: 1:2 PLOT DATE: 12/11/2018 9:00 AM

BAR M:\AutoCAD 2011\AutoCAD 2011 Support\enu\Template\Barr_2011_Template.dwt Plot at 1

14:03:50

10/05/2010

=
i%ﬂé?

)

g

y : bl
= SEEPAGE
' - | COLLECTION DITCH
e - 207

\f\\
o . DaM 2 ‘ '
3 \ \§“\
if NS

SUPER BEACH Y

N % <
TAILS DISCHARGE OFF BERM

Y-

L 7 o A\ \ -
N \\ \
( & LLL ( | é \\>
t n ] g 5
A\ /

%,

DIVERSION DIKE 2
DIVERSION 2

S
7

A ] S~ EAsT liIDGE RAILROAD //‘/g
WEST RIDGE ROAD e = T\

= TN

RAILROAD

e — —

M
“\\\ N T 5
N Vs

| 1 S 7 i
SEEPAGE COLLECTION POND 'Q/ 7
> ; NIV )

" N s 4y - .
@ ASH LANDFILL =4 :

//wf' ) u//\, \‘J y I } //\ 4 !
" RECLAIM DIKE =~ ., >4 2L R
5 \ Al DAM 5, AN |
X SRR / 6 Z 5 - P e /,/f). IR ,//»‘} /]
DIVERSION DIKE 3 % DAM 1 RAILROAD s 3 YH EXISTING BEAR LAKE OUTLET
g NS T
b KL - ¢ BEAR LAKE
= - N
X \‘\ ) (‘Wk e
N AN J ¢
2 'SUPER BEACH |
5 g ) \;\\\\‘ //’ f}m ’Q‘X‘O‘x @
( : 7 TAILS DISCHARGE OFF BERM3
R : S R
5T o5
. X N @
// A N : ]
B o g L g d
o SEEPAGE COLLECTION S Y
- DITCH e
5 "bﬂ' “‘Q_\ -
/}(};’ \%{y f} \\»tqz/f . ¥k p p ’
- . Q[/ X ) i—r;‘{ k\
. ’ S LN 5 , 2 BN 7 ﬁ (5
N N = ) . K 327 7
el Rl 37 o~ ‘fL © _ . S - 9[/ I
DU R | ‘ CTION POND Fro SEEPAGE C DITC
) B 1 oz )
) - o {?ﬁé‘bj\?}jk 3 ] G
Iy “ S 3 o T
RN / N2 NG

WATER TREA

N
"fj :\ ~
VERY DAM 1B~~~

AN sl TRUCK SERVICE AREA
SEEPAGE RECOVERY DAM 1A

T s e G (0 DX
2 \} M % e A \,«:‘ > ) .3 <} . N §\\ q,:
M>\ %WJ\\P/C/L/::“; f { \Vf \»e,,;;,,fg‘:l,hxk ;\\ (\3& C?O\LM f

i) AENNN T

RAN

P
[

3. RAISE RECLAIM DAM.

0

FINE TAILING DEPOSITION

PLANT AGGREGATE CONSTRUCTION

2019-2023 CONSTRUCTION
1. RAISE DAMS 1, 1W, 2, AND 5.

I |

2. CONSTRUCT RAILROAD GRADES ON DAM 1, 2, 5, AND
EAST RIDGE ROAD.

1000 2000 @
|
SCALE IN FEET

BARR PROJECT No.

DWG. No.

. ‘ - — roj ice: rcoe —
I%NT ’ J;;;:fﬂ ENGINEERING CO. 30; :/Sofyzogﬂ MP—7 TAILINGS BASIN
CONSTRUCTION IBARR 52T ANE et oo oSy NORTHSHORE MINING COMPANY SILVER BAY, MINNESOTA
b by, 1_s00-225-1066 ookl | ATG SILVER BAY, MINNESOTA FIVE YEAR OPERATING PLAN
Reeasep LA I B I Cl O 1] 2 3 [Gororate Headquarters: gy (518) 262-3460 Designed
no. By [crk]arp| DaTE REVISION DESCRIPTION T0/FOR DATE RELEASED Phi 12800-632-2277  Wwwbor.com Roproved PROPOSED CONSTRUCTION 2019-2023 FIGURE 3

23/38-086

CLIENT PROJECT No.

REV. No.

A




CADD USER: Greg Johnson FILE: M:\DESIGN\23380086.00\23380086 S5YR_2018 OP_FIGURE 4.DWG PLOT SCALE: 1:2 PLOT DATE: 12/11/2018 9:11 AM

DAM 1 _ WATER ELEVATION ‘ DAM 2
==X [} 1221.0 ¢
1250 17 RN 1250 1250 S — e 1250
B e R IR N =TT B e 3 | R N——1—-— ~~
1200 B 1200 1200 e 1200
150 o= ey S 1150 1150 1150
@A 1400 2400 3+00 4400 5+00 6+00 7400 8+00 9+00 10+00 11400 12400 13+00 14+00 135400  136+00 137400 138400 139400 140400 141400 142400  143+00 144400 145400  146+00
{ ) SECTION: EXISTING BASIN
FOREY o 100 200
[N | |
TYPICAL FILTER BERM OAM 1 SCALE IN FEET
SLOPES: 1.5H:1V Y
1300 B e 1300
FLEV 1295 i i~ e e e Sy
ELEV) 1280  fIETHIEIRA: oo s b - b b i s e e S
ELEv] 1268  fEldimny. Lol bl ol ITTaalL
=~ b Toode e |
SECTION: DAM 1 RAISE TO EL. 1315 ;550 ELEV. 1250 B e R e e e et St 1250
FIGQRE 2 ELEV, 1243 e e D e
0 50 100 A ST SRR R ey N I
| P N | | ‘\\\‘
SCALE N FEET m===== ==——=d__
1200 R ——— 1200
——— \\\\
~ [se] o 0 0 o o (o)) o o (o] 'e} M M o o o - ~ o ~ M o [ve] (o2} ~N o o o o Te} M M o~ M o o < o o 'e} <+ o~ - M
N < N < ) © © 15} © 3 3 ~ ~ o © © o ~ ~ © ITo] ITo] ITo] < < < < < < To) e} © o o0 2} 0 = <+ N o e} o ~ ~ o
o~ o~ ~N o~ M M M M M M M M <+ w0 w0 w0 ©o <+ M M M M M M M M M M M M M o~ o~ — — o o (o)) (o)) o o [o6] oo} ~ ~
S 8 o & & & & & & & & & & 8 8 8§ § o &8 o & 8§ o & &8 & o &8 o & &8 8 8 &8 8 8 2 2 2 F F F F F
—1+00 0+00 1+00 2+00 3+00 4+00 5+00 6+00 7+00 8+00 9+00 10+00
TYPICAL FILTER BERM
PES: 1.5H:1V DAM 2
\ &
ELEV) 1305 N
1300 " ey 1200 18500
ELEV, 1275
ELEV. 1260 o
e
6 E ) SECTION: DAM 2 RAISE TO EL. 1315 1250 R R 19360
FIGQRE 2 S
0 50 100 7
Letatatatral | - -
SCALE N FEET === o -
1200 = e T 12200
_—— ~—
LEGEND: T
[] PLANT AGGREGATE I N R e T T T T e T T T I T T T T T T T T T T T
FILTER T ] F o ) I B o S I N N I B N I B N I N N I B N o i I B i ] I i
- =1400 0+00 1400 2+00 3+00 4+00 5+00 8+00 7400 8+00 9+00
GLACIAL TILL CORE
DAM 5
1325 T‘ 1325
3
= 1300 1300
g
S 1275 1275
8 ELEV. 1263
N
N
N SECTION: DAM 5 RAISE TO EL. 1315 1250 1250
FIGQRE 2
° 0 50 100
5 Letitataaal | 1225 1225
= SCALE IN FEET
o T=~d
. 1200 e T 1200
H 1S igssads
g 1175 1175
5
3
2 115%00 ~150 ~100 ~50 0 50 100 150 200 250 300 350 400 450 500 550 600 700 750 800 8sb' >0
|
E DAM RAISES SHOWN ARE CONCEPTUAL. ACTUAL RAISE HEIGHT MAY VARY AND WILL BE ADDRESSED DURING DESIGN PHASE.
~
%
g T
& | CLIENT Project Office: Scale AS SHOWN _ BARR PROJECT No.
% BID _ BARR ENGINEERING CO.  [Ddte 9/04/2018 MP—7 TAILINGS BASIN 23/38—086
g CONSTRUCTION BARR 2. TARE ot oo = NORTHSHORE MINING COMPANY SILVER BAY, MINNESOTA CLIENT PROJECT No.
Z ' Checked ATG
E R, | o oo SILVER BAY, MINNESOTA EAR I
¥ RELEASED A B C 0 1 2 3 ‘Cnorporote" Heﬂflquartfrs: ?:X '(2?3‘)’ 226225_;3565 Designed ’ FNE Y OPERAT'NG PLAN DWG, No. REV. No.
-@ INo.| BY [cHK]APP] DATE REVISION DESCRIPTION TO/FOR DATE RELEASED Ph: 1-800-632-2277 ~ WWwbam.com ‘Approved TYPICAL CROSS—SECTIONS FIGURE 4 A




CADD USER: Greg Johnson FILE: M:\DESIGN\23380086.00\23380086 S5YR_2018 OP_FIGURE 5.DWG PLOT SCALE: 1:2 PLOT DATE: 12/10/2018 10:10 AM

BAR M:\autocad 2006\template\barr_2006_template.dwt

Plot ot 0 07/27/2007 09:19:39

85'—0" — ULTIMATE DAM CREST WIDTH

l ¢I_LTER BERM
1320 ELEVATIONT1315 = ULTIMATE DAM 1320
RR EMBANKMENT
1300 A 1300
FILTER BERM 2017 SURVEY
1280 PLANT AGGREGATE 1280
ULTIMATE SLOPE
1260 ¢ evarion 1250 *6[ 1260
1240 / 1240
1220 R Ao SEEPAGE COLLECTION DITCH 1220
~ FLTER WD~ PLANT AGGREGATE
—~ FILTER ~
1200 T s 1200
1180 UPPER TAILIN PLANT | AGGREGATE (ORIGINAL | DESIGN) 1180
e Tailings TARBETFITeR UPSTREMT DOWNSTREAM
1160 MIDDLE TAILINGS 1160
FINE TAILINGS SAND AND
| PGRAVEL
1140 LOWER TAILINGS (STARTER™ DAM) 1140
CLAY
1120 CLAY UPPER CLAY CLAY 1120
LOWER CLAY FOUNDATION TILL
1100 FOUNDATION |TILL Ttk FOUNDATION TILL 1100
—1+400 —0+50 0+00 0+50 1400 1450 2+00 2+50 3+00 3+50 4400 4450 5+00 5+50 6+00 6+50 7+00 7+50 8+00 8+50 9+00 9+50 10+00 10+50 11+00 11+50 12+00 12+50 13+00 13+50
(1 SECTION: DAM 1 TYPICAL STRATIGRAPHY STATION 35+00
— 0 50 100
Lotatvaanal |
SCALE IN FEET
DAM RAISES SHOWN ARE CONCEPTUAL. ACTUAL RAISE HEIGHT MAY VARY AND WILL BE ADDRESSED DURIND DESIGN PHASE.
| CLIENT Project Office: TScale AS SHOWN _ BARR PROJECT No.
BID _ BARR ENGINEERING CO.  [Pot 6/19,/2013 MP—7 TAILINGS BASIN 23/38—-086
CONSTRUCTION B ARR a:langéﬂnNA\éEsr;LiE EAST [Grown oS NORTHSHORE MINING COMPANY SILVER BAY, MINNESOTA CLIENT PROJECT No.
' Checked ATG
. . | o oo SILVER BAY, MINNESOTA N
RELEASED A B C 0 1 3 ?'orpomte" He‘c}gquartfrs: ?:;; '(ﬂg()) 226225—.’:495%6 Designed ’ DAM 1 CONCEPTUAL DAM RA'SES DWG, No. REV. No.
no/ ex [crk]ape] pate REVISION DESCRIPTION T0/FOR DATE RELEASED P RoL b asry  wwwbam.com Fomroved TYPICAL CROSS—SECTION FIGURE 5 | A




CADD USER: Greg Johnson FILE: M:\DESIGN\23380086.00\23380086 S5YR_2018 OP_FIGURE 6.DWG PLOT SCALE: 1:2 PLOT DATE: 12/10/2018 10:19 AM

BAR M:\autocad 2006\template\barr_2006_template.dwt

Plot ot O 07/27/2007 09:19:39

35’—0" — ULTIMATE DAM CREST WIDTH

FILTER BERM\ ¢

l ELEVATION 1315 = ULTIMATE DAM

1320 1320
ULTIMATE SLOPE
1300 7T\ _~FiLTeR sERM 6/ 1300
1
1280 1280
PLANT AGGREGATE RR EMBANKMENT
ELEVATION 1260
L 55 e s e B SEEPAGE COLLECTION DITCH 1260
1240 S 1240
N———— ~
1220 ——— B et s e s et A SO B ORIGINAL DESIGN 1220
s SAND AND GRAVEL
1200 B i /T COARSE —=— B —~ STARTER | DAM 1200
1180 PLANT AGGREGATE - e TAILINGS ;:ongs // T OB —— — {fiND AND GRAVEL 1180
- AILIN CORE TALNGS |/ Tl
1160 FINE TA‘UNGSi P NT TCRAYEL — | LAY A ] @@ T T r————a———— 1160
Co T PEAT— AND AND
R CLAY _ ‘%'I-aY = CLAY 1140
FOUNDATION TILL
1120 TILL 1120
1100 1100
1080 1080
1060 1060
~1400 —0+50 0+00 0+50 1400 1450 2400 2450 3400 3450 4400 4450 5+00 5450 6+00 6+50 7+00 7450 8+00 8+50 9+00 9+50 10+00 10+50 11400 11450 12400
(1 SECTION: DAM 2 TYPICAL STRATIGRAPHY STATION 41+95
— 0 50 100
Lototiaanal |
SCALE IN FEET
DAM RAISES SHOWN ARE CONCEPTUAL. ACTUAL RAISE HEIGHT MAY VARY AND WILL BE ADDRESSED DURIND DESIGN PHASE.

CLIENT _ Project Office: [Scale AS_SHOWN MP—7 TAILINGS BASIN BARR PROJECT No.

L BID BARR ENGINEERING €O,  [Dote 6/19,/2013 23/38—086

CONSTRUCTION B ARR 3128 14TH AVENUE EAST [Grown 5Sd NORTHSHORE MINING COMPANY SILVER BAY, MINNESOTA CLENT PROJECT No.

HIBBING, MN 55746
’ Checked ATG
T, | 5o s
receasep LA T B T €T 0 1] 2] 3 |Corporate Headquarters: Fh (218 eo 3480 Designed SILVER BAY, MINNESOTA DAM 2 CONCEPTUAL DAM RAISES DWG. No. REV. No.
no/ e [crk]ape] pate REVISION DESCRIPTION T0/FOR DATE_ RELEASED P ReooL bp asry  wwbar.com Foproved TYPICAL CROSS—SECTION FIGURE 6 | A




CADD USER: Greg Johnson FILE: M:\DESIGN\23380086.00\23380086 S5YR_2018 OP_FIGURE 7.DWG PLOT SCALE: 1:2 PLOT DATE: 12/10/2018 10:35 AM

BAR M:\autocad 2006\template\barr_2006_template.dwt

Plot ot 0 07/27/2007 09:19:39

TYPICAL SLOPE .

DAM ¢

144’—0" — ULTIMATE DAM CREST WIDTH

1320 F ELEVATION 1315 — ULTIMATE DAM 1320
2.5
1300 1L—" 1300
PLANT AGGREGATE
TYPICAL SLOPE
1280 GLACIAL TILL CORE D/S FILTER 2008 SURVEY — 1280
ELEVATION 1265 a 1
1260 1260
T ATION 1245 \ DAM 5 BUTTRESS CONSTRUCTED IN 2013
1240 . 1240
PLANT| AGGREGATE 5' HORIZONTAL DRAIN, SELECT COARSE AGGREGATE
1220 1220
~ —4
1200 5’ HORIZONTAL FILTER 1200
1180 ] 1 ] 1180
® [ ]
1160 o— 1160
—1+50 —1+00 —0+50 0+00 0+50 1+00 1450 2+00 2+50 3+00 3+50 4+00 4450 5+00 5+50 6+00 6+50 7+00 7+50 8+00 8+50 9+00
(1 SECTION: DAM 5 TYPICAL STRATIGRAPHY STATION 14+00
— 0 50 100
Lotatvaanal |
SCALE IN FEET
DAM RAISES SHOWN ARE CONCEPTUAL. ACTUAL RAISE HEIGHT MAY VARY AND WILL BE ADDRESSED DURIND DESIGN PHASE.

| CLIENT 2/12] Project Office: TScale AS SHOWN _ BARR PROJECT No.

BID _ BARR ENGINEERING CO.  [Ddte 6/19,/2013 MP—7 TAILINGS BASIN 23/38—-086

CONSTRUCTION B ARR 3128 14TH AVENUE EAST  [Gv oSy NORTHSHORE MINING COMPANY SILVER BAY, MINNESOTA CLENT PROJECT No.

' Checked ATG
R,
AT BT T O T 2 5 Cororets recouarrs:  Ph 1-800-225-1566 Searanad SILVER BAY, MINNESOTA DAM 5 CONCEPTUAL DAM RAISES S— N
RELEASED fnneopols, Minesota  F0% (218) 2 TYPICAL CROSS—SECTION 1GU /
NO| ICHKJAPP.| DATE REVISION DESCRIPTION TO/FOR DATE RELEASED Ph: 1-800-632-2277 -barr ‘Approved FIGURE 7 A




Appendices



Appendix A

Recent Construction Plans

Dam 1
Dam 2
Dam 5
Reclaim Dam



Dam 1



CC—001.dwg Plot at 20 05/28/2014 14:59:04

NORTHSHORE MINING COMPANY
DAM 1 RAISE - ELEVATION 1246

1 H 746 58535-46+0+266-56— ELEVATION SHOT (NOT SHOWN)
7 FN— 530088 24601 30627569580 LOST
3 H 529 60301 3055025 75701 1270 45
P V—4 572886030 06502359 1074.08— RESET
5 V=5 527118 3550 3053032 45001428236
5 N—6 626860- 01 305611 44250134263-54— 1203.45
7 Hv— 6526556-950 063987786
8 fn 524210.90901 30607312050 LOST
9 HV-9 621587.4570] 3048856.4250] 1308.69
10 N —F 50944320 0526285 12034
11 HV—11 [620725.2580[3059623.2150| 1201.82
12 N—3 523264 10101 30666832400
13 —3 521973 50001 30649391690
14 V14 613760 1630 1 304794004601 1236.61
15 N—15 161798468501 3051780.5900 1121750
16 HV—16 [615676.6820[3054865.0750] 1214.85
17 Hy—+ H6947-63 2661729926
18 HY—18—161364 1628613048880 188
19 HY—19 1375 a 0574563646864 REVISED COORDS
20 HY— 07757 47961363964+88
21 HY— 667367 A4H01304206 30+
22 HY— +1828:678 65156766
23 HY—23% H936-459613651899+3
24 HY—24—1669366.09 3654733+
25 HY—25 16656446 85568994801 12+4-06
26 HY— H994645 56482287+ 12455
27 HY= 628966:59661365851+13 +206-44— LOST
28 HY=28 5548:766 861033 26+01+269:95— LOST
29 HY—24 H4+388613658790-H49 LOST
30 MON—F T 61556174 141-3049384-30561 +137-13—MON_#1=BM 109
1 A 6150292024 3048048 At 1111340
M T 32 nn=] 65035445 #9035 4B+ +134
33 it 615183-256613048762- 1613 164
34 it 15178:209413648749:536 18-
35 i +799+-2396 4B +H+2-896H 19444
36 MON—#21619103-58161-3047262:20671246.0 MON #2=BM 113
37 6 619447 4 0476635 t268 4t
38 ) 615438-8867 130469838 H+7 112665
39 HY=39T16249 164170 306113333001 122+
40 HYy=41 63 +187-5966013662878-2+501+1+56- PIN MARKED 302
41 HY =1 63013 8310 306101739301 +157-
42 Hy=4 63008334 S058663-27901 1254
43 HY—4 63234289 045529-266011436-99—WEST ACCESS ROAD (NOT SHOWN)
NOTE:

MILEPOST SEVEN TAILINGS POND NOT ALL CONTROL POINTS ARE SHOWN ON SITE PLAN

INDEX OF SHEETS

CC-001 . . . . TITLE SHEET, SITE PLAN, AND SHEET INDEX
CC-002 . . . . CONSTRUCTION LOCATION MAP

CC-003 . . . . EXISTING CONDITIONS, PLAN AND PROFILE
CC-004 . . . . CONSTRUCTION PLAN

CC-005 . . . . TYPICAL SECTIONS

' CO Hwy 4

SILVER BAY

- o y
Z A
MILEPOST SEVEN = (75
BEAR LAKE 5
x
m
2 .,
¢ O o
PIPELINE ACCESS ROAD )5 —
,b Beaver Bay
. \/\\M C’O/y Waa. (81
) }k),
<
BEAVER
BAY
T ©

ISSUED
o . oo 2000 @ FOR CONSTRUCTION
SCALE IN FEET 5/23/2074

| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, | CLIENT 5/28/14

Project Office [Scale AS SHOWN BARR PROJECT No.
OR REPORT WAS PREPARED BY ME OR UNDER MY — 2014 PROPOSED DAM CONSTRUCTION 23380086

DIRECT SUPERVISION AND THAT | AM A DULY BID BARR ENGINEERING CO. 04,/01/2013

KOs O Th STATE OF RNESoTA. | [CQNSRLCTION L BARR 2. Amie east [ oSy NORTHSHORE MINING COMPANY MILEPOST SEVEN TAILINGS BASIN CTTENT PROVECT No.

HIBBING, MN 55746

SIGNATURE

E—— o e oot SILVER BAY, MINNESOTA DAM 1 RAISE — ELEVATION 1246

CADD USER: Randy Wilson FILE: D—SIZE—BARR_2011_TEMPLATE.DWG PLOT SCALE: 1:1 PLOT DATE: 6/12/2008 3:47 PM

images in Drawing — K-\Design\23380086.00\local map.tif C:\Users\gsj\Desktop\SLL Signature.jpg

GSJ K:\Design\23380086.00\23380086 Dam 1

Designed
PRINTED NAME SARA L. LEOW Receasep LAIBJCJOJ1]12]3 Rinboaoals. dnaebots Fox: (218) 262-3460 esigne GSJ DWG. No. REV. No.

.| BY |[CHKJAPP| DATE REVISION DESCRIPTION DATE __5/28/2014 _ ReG. NQ. 47103 T0/FOR DATE RELEASED Ph: 1-800—-632—2277 www.barr.com Approved SLL TITLE SHEET: SITE PLAN: AND SHEET INDEX CC-001 0




CC—002.dwg Plot at 10 02/17/2014 09:38:01

LAYOUT NOTES:

1. LAYOUT BASED ON CONTOURS DEVELOPED FROM AERIAL SURVEY BY
AERO—METRIC OF SHEYBOYGAN, WISCONSIN. DATE OF PHOTOGRAPHY

APRIL 12, 2012. AERO-METRIC MAPPING BASED ON THE FOLLOWING

DATUM:

— VERTICAL DATUM: TWO FOOT CONTOUR
INTERVAL BASED ON NORTH AMERICAN
VERTICAL DATUM OF 1988.

— HORIZONTAL DATUM: MINNESOTA STATE PLANE
COORDINATE SYSTEM, NORTH ZONE,
NAD 83/96.

"
)

90~ ~ CONSTRUCTION AREA;
¢/ REFER TO CC-003

—

7 7 // . N L7
~ RECLAIM POND i
(& (1

&~ )

0/
//ﬂ"’h’\{“ SV
[ =

|
<

TN\

2
sty o
e

@W ISSUED

FOR CONSTRUCTION

X : v 5/28/2014
| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, [CLIENT 5/28/14 Project Office Scale AS SHOWN BARR PROJECT No.
OR REPORT /A5 PREPARED ‘Y ME OR UNDER MY [Gr BARR ENGINEERING Co.  [P%—Toa70172013 2014 PROPOSED DAM CONSTRUCTION 23380086

e A THe  [CONSTRUCTION S B ARR 3128 14TH AVENUE EAST [oravm = NORTHSHORE MINING COMPANY MILEPOST SEVEN TAILINGS BASIN CLIENT PROJECT No.

/ HIBBING, MN 55746 Thooked
SIGNATURE I~ Ph: 1-800-225-1966 — SILVER BAY’ MINNESOTA D ONSTRUGTION LOGATION. MAD -

Vzzz22272772227}
PRINTED NAME @ L. LEQW Reeasep LAIBJCJlOJ 11213 s?n'g:;‘;fh;e“d“““de's' Fax: (218) 262-3460 Designed GSJ DWG. No. REV. No.

CADD USER: Greg Johnson FILE: K:\DESIGN\23380086.00\23380086 DAM 1_CC—002.DWG PLOT SCALE: 1:2 PLOT DATE: 5/28/2014 2:52 PM

GSJ  K:\Design\23380086.00\23380086 Dam 1

DATE REVISION DESCRIPTION DATE __5/28/2014 _ ReG. NO. 47103 T0/FOR DATE RELEASED Ph: 1-800-632-2277 www.barr.com ‘Approved SLL CONSTRUCTION LOCATION MAP CC-002 0




10:14:01

Plot at 0 02/17/2014

CC—003.dwg

— K:\Design\23380086.00\23380086 MP7 Existing Planimetric.dwg

CADD USER: Greg Johnson FILE: K:\DESIGN\23380086.00\23380086 DAM 1_CC—003.DWG PLOT SCALE: 1:2 PLOT DATE: 5/28/2014 313 PM
K:\Design\23380086.00\23380086 Dam 1

Xrefs in Drawin,

GSJ

(5/15/14)

SOUTH POND

WATER LEVEL 1215.3

\r\ﬂ:\\:\\\\\\
o

< )PLAN: DAM 1
1. LAYOUT BASED ON CONTOURS DEVELOPED FROM AERIAL LIDAR SURVEY 0 400

800
BY AERO-METRIC OF SHEYBOYGAN, WISCONSIN. DATE OF AERIAL LIDAR N R | J @
SURVEY APRIL 12, 2012. MAPPING BASED ON THE FOLLOWING DATUM: SCALE IN FEET

—VERTICAL DATUM: TWQO FOOT CONTOUR
INTERVAL BASED ON NORTH AMERICAN
VERTICAL DATUM OF 1988

—HORIZONTAL DATUM: MINNESOTA STATE PLANE
COORDINATE SYSTEM, NORTH ZONE, NAD 83/96

LEGEND:
<> CASAGRANDE PIEZOMETER

PNEUMATIC PIEZOMETER

O RELIEF WELL

@ VIBRATING WIRE PIEZOMETER
/A INCLINOMETER

1. ALL INSTRUMENTATION SHALL BE PROTECTED.

2. CONSTRUCTION OF THE DAM HAS BEEN ONGOQING BY NSM. CONDITIONS HAVE CHANGED FROM

THE TIME OF THE SURVEY.

3. PROTECT TAILINGS PIPE DURING CONSTRUCTION ACTIVITIES

4. PROVIDE, PLACE, AND COMPACT MATERIALS IN DAMS IN GENERAL ACCORDANCE WITH MATERIALS
AND METHODOLOGIES DESCRIBED IN UPDATE OF ENGINEERING DESIGN FOR THE RESERVE MINING
COMPANY ON—LAND TAILINGS DISPOSAL, MAY 1985, AND DISCUSSED IN THE MEMO TITLED "2014
DAM 1 RAISE CONSTRUCTION RECOMMENDATIONS” DATED 5/28/2014 AND DESCRIBED IN BARR
REPORT TITLED "DAM 1 STABILITY EVALUATION, DAM 1 CREST ELEVATION 1245 FEET” DATED

SEPTEMBER 2013.

1280 1280
— EXISTING ELEVATION AT DAM @ PROPOSED DAM ELEVATION 1246 PROPOSED| INTERMEDIATE DAM ELEVATION 1234
1260 1260
- / 0.00% )
1240 \‘\ 0.00% — [ 1240
1220 /\ﬂ/v NN ./ v oy VA e VTN 1220
1200 1200
EXISTING ELEVATION AT DAM €, (TYP.) ‘\ PROPOSED ELEVATION AT DAM G, (TYP.)
<@ S|Q i) NI ) I <@ i) [SH%) NI — @ Rl 0| Q@ IolEe) ) Rl ~ Qo ) ©| S =11 o © o
NANA M o< o INIDSA o o< NI o< o N | < o - < NI N| < o o NI NI NI — < M
Ny NN e NN RN NN e N e NN Ny NN Ny NN Rl N N IR N e S e
-54+00 0+00 5+00 10+00 15400 20+00 25+00 30400 35+00 40400 45+00 50400 55400 60+00 65400 70+00 75400 80+00 85400 90+00 95400 100400
€ ) PROFILE: DAM 1
HORIZONTAL SCALE: 0 400 800
SCALE IN FEET [SSUEB
VERTICAL SCALE: 0 ° 8o FOR CONSTRUCTION
SCALE IN FEET
5/28/2014
| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, JCLIENT 5/28/14 Project Offi TScale AS SHOWN BARR PROJECT No.
A e o ot b ot [ED "oare ENONEERG 0. [P ou/o1 /2013 2014 PROPOSED DAM CONTRUCTION 23380086
HOEN RS OF THE STATE OF MNESOTAL | | i O e B ARR 3128 14TH AVENUE EAST [orown oSy NORTHSHORE MINING COMPANY MILEPOST SEVEN TAILINGS BASIN, DAM 1 CLIENT PROJECT No.
—, 4 Checked ATG
7727727222242
SIGNATURE > AT B 1 Cl ol 11 21 3 |Corporate Headquorters: B -800-225-1966 Designed SILVER BAY, MINNESOTA DAM 1 RAISE — ELEVATION 1246 DWG. N REV. N
PRINTED NAME SARA L. LEOW RELEASED Minneapolis, Minnesota Fox: b(zmj 262-3460 GsJ EXISTING CONDITIONS PLAN AND PROFILE - o - O
NoO.| BY [CHKJAPP.| DATE REVISION DESCRIPTION DATE __5/28/2014 _ ReG. No. 47103 TO/FOR DATE RELEASED Ph: 1-800-632-2277 ~ WWw.barr.com Approved SLL CC-003 0




10/05/2010  14:03:50

Plot at 1

CADD USER: Greg Johnson FILE: K:\DESIGN\23380086.00\23380086 DAM 1_CC—004.DWG PLOT SCALE: 1:2 PLOT DATE: 5/29/2014 2:18 PM
M:\AutoCAD 2011\AutoCAD 2011 Support\enu\Template\Barr_2011_Template. dwt

BAR

FILTER BERM, SHOWN AT ELEVATION 1246

25+00 30+00 35+00 40+00

e e —— S NNRE YW

] : S = — = T DS
ey TWIE e 2T N -

FUTURE RAILROAD ALIGNMENT (CREST ELEVATION 1265) E g 0 : o 2 = Tt b = o

. v 8 Spseis TRy ey © E

PLANT AGGREGATE DAM ®
25+00 30+00 35+00 40+00 45+00
50+00 55+00 60
e - e 4 - = = - e - — _’_+oo
F et e e — A e e e e —— L - -1

(9]

a
ESTIMATED QUANTITIES
CONSTRUCTION STAGE

MATERIAL |EXISTING — EL 1234|EL 1234 — EL 1246 |EXISTING — EL 1246

FILTER 154,500 CY 224,000 CY 378,500 CY m PLAN: DAM 1

PA — DAM 972,000 CY 1,595,000 CY 2,567,000 CY _ 0 200

PA — RR 331,000 CY 795,500 CY 1,126,500 CY Lol

PA REQUIRED TO FINISH RR EMBANKMENT FROM EL 1246 = 698,000 CY ﬂ SCALE IN FEET @

CLEAR, GRUB, AND SCALE ROCK TO COMPETENT ROCK
SURFACE. APPLY COMPACTED FILTERS TO ABUTMENT Y
CONTACT FACE. SURFACE TQ BE INSPECTED BY DAM

ENGINEER PRIOR TO FILL PLACEMENT

FILTER BERM

‘i\‘{ 85*00
~n
= S

FUTURE RAILROAD ALIGNMENT

LAYOUT NOTES:
1. LAYOUT BASED ON CONTOURS DEVELOPED FROM AERIAL LIDAR SURVEY
BY AERQ—METRIC OF SHEYBOYGAN, WISCONSIN. DATE OF AERIAL LIDAR
SURVEY APRIL 12, 2012. MAPPING BASED ON THE FOLLOWING DATUM: GENERAL NOTES:
—VERTICAL DATUM: TWO FOOT CONTQUR 1. ALL INSTRUMENTATION SHALL BE PROTECTED.
INTERVAL BASED ON NORTH AMERICAN
VERTICAL DATUM OF 1988 2. CONSTRUCTION OF THE DAM HAS BEEN ONGOING BY NSM. CONDITIONS PLAN: DAM 1
HAVE CHANGED FROM THE TIME OF THE SURVEY. ESTIMATED = [SSUED
—HORIZONTAL DATUM: MINNESOTA STATE PLANE CONSTRUCTION VOLUMES HAVE BEEN CALCULATED AGAINST 2012 0 200 400
COORDINATE SYSTEM, NORTH ZONE, NAD 83/96 CONDITIONS [ I | FOR CONSTRUCTION
SCALE IN FEET
3. PROTECT TAILINGS PIPE DURING CONSTRUCTION ACTIVITIES. 5/,23/2074
| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, JCLIENT 5/28/14 Project Office Scate AS SHOWN BARR PROJECT No.
OR REPORT WAS PREPARED BY ME OR UNDER MY
DIRECT SUPERVISION AND THAT | AM A DULY  |EL BARR ENGINEERING CO.  [Pote 04,/01/2013 2014 PROPOSED DAM CONTRUCTION 23380086

N RS OF THE STATE OF Mwesoma. | fEmmmecTon A BARR 3128 14TH AVENUE EAST [Grawn X NORTHSHORE MINING COMPANY MILEPOST SEVEN TAILINGS BASIN, DAM 1 CLIENT PROJECT No.

HIBBING, MN 55746

o 4 F Checked ATG
SIGNATURE g N - SILVER BAY, MINNESOTA AM RAI — ELEV.
PRINTED NAME SARA L. LEOW ReLeasep LA 1B JC 10O Y1 213 ﬁ?ﬁ?:&iﬁswﬁfﬁqnfsgzsl Fox: (218) 262-3460 Designed S ' D ! St ELEVATION 1246 pwe. - REV Mo

NO.| BY |[CHKJAPP| DATE REVISION DESCRIPTION DATE __5/28/2014 _ ReG. NO. 47103 T0/FOR DATE RELEASED Ph: 1-800-632-2277 www.barr.com ‘Approved SLL CONSTRUCTION PLAN CC-004 0




1:2 PLOT DATE: 5/28/2014 3:20 PM

14:33:16

Plot at 0 05/28/2014

CC—005.dwg

95]\Desktop\SLL Signature jpg

- C‘\Ussrs\\

— K:\Design\23380086.00\23380086 MP7 Existing Planimetric.dwg K:\Design\23380086.00\20276_1.dwg

K:\Design\ 2338008600\ 23380086 Dam 1

CADD USER: Greg Johnson FILE: K:\DESIGN\23380086.00\23380086 DAM 1_CC-005.DWG PLOT SCALE:

Xrefs in_Drawin,
Images in Drawin

GSJ

§ FUTURE RR ELEV. [1265
1960 15,00 50.00 \ 1260
ELEV. 1246 FUTURE PLANT
AGGREGATE RAILROAD S
1240 SUBSEQUENT PLANT FUTURE | PLANT EMBANKMENT FUTURE PUANT ——1 1240
DAM 1 (F GGREGATE PLACEMENT AGGREGATE PLACEMENT AGGREGATE PLACEMENT ] —
ELEV. 1234 | T T e
’\y/ I R‘g‘c‘1¢ FUTURE [PLANT FUTURE PLANT //
FILTER BERM REGA El g b L=
" i U po7-1onge _ [ACOREGATE PLAGEMeNT |~ | | 11T AT || eccReoATe pucEMEN ||
1220 — T A SK-P2 1220
—774~~W//' EXISTING GROUND, (2012
1210 —40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 s56t7 10
SECTION: STA 28440
7 o 20 40
Lot |
SCALE IN FEET
§ FUTURE &R ELev. h265
15.00' 50.00
1260 \ 1260
ELEV. 1246 FUTURE PLANT
AGGREGATE RAILROAD S Y
Sl e - i =
ELEV. 1234 DAM 1 ﬁE r AGGREGATE PLACEMENT GGREGRTE PUACEMERT e T e e
B INTTTAL PLAN 7 z T
XS AGGREGATE PLAGEMENT |4 > FUTURE-PLANT FUTURE PLANT
747 ] s H it RN + =~ E
> | AGOREGATE PLACEMENT /ﬁ,,fff\/___77__7_k777&7777777777777777777777777777777777// SN\l _ ||| | ACGREGATE PLACEMENT = | -
P —d | _d__
1220 / - D1—3500R100A—VIW NEST 2K=P1 1220
-
S ¢ B EXISTING GROUND, (2012
1210 —40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 44D 460 48D 500 520 540 560710
SECTION: STA 35400
cC_003,
0 20 40
[T |
SCALE IN FEET
§ FUTURE RR ELEV. [1265
1260 15,00 5p-00 \ 1260
ELEV. 1246 FUTURE PLANT
p AGGREGATE RAILROAD I
DAM 1 SUBSEQUENT PLANT EMBANKMENT FUTURE PLANT ——6H:1y|
1240 ‘ GGREGATE PLACEMENT AGGREGATE PUACEMENT — 1240
ELEV. 1234 —
AV S INITIAL PLANT K. FUTURE PLANT
FILTER BERM i AGGREGATE PLACEMENT o — | — | A\l -4 —— - ——— R~ ———— 1 | | [ ——F————F——__ \ | _ || AGGREGATE PILACEMENT Pis
-~ L FUTURE PLANT \ e T TTr
1220 2 1220
/ A e AGGREGATE PLACEMENT EXISTING GROQUND, (2012
1210 1210
—40 -20 0 20 40 80 80 100 120 140 160 180 200 220 240 260 28D 300 320 340 360 380 400 420 44D 460 48D 500 520 540 56
SECTION: STA 65+00
) 20 40
[FTSTERTSTRIRTA N | |
SCALE IN FEET
§ FUTURE RR ELEV. 1265
15.00' 50.00°
1260 \ 1260
ELEV. 1246 FUTURE PLANT 6 o —
AGGREGATE RAILROAD 1y L ——Ll___
7 SUBSEQUENT PLANT EMBANKMENT — 1T ——
1240 DAM 1 GGREGATE PLACEMENT —I< _ 1240
ELEV. 1234 | - - el s
1 T . TNITIAL PLAN 7 = -7 T e _ G IR S S
N5 FILTER BERM 7, AGGREGATE_PLACEMENT % i | —— A = T
7 EXISTING GROUND, (2012 |
1220 - FUTURE PLANT L FUTURE PLANT 1990
_ ~ AGGREGATE PLAGEMENT AGGREGATE PLACEMENT
1210 1210
—40 -20 0 20 40 60 80 100 120 140 160 180 200 220 24D 260 28D 300 320 34D 360 38D 40D 420 44D 46D 48D 500 520 54D 56
GENERAL NOTES:
1. ALL INSTRUMENTATION SHALL BE PROTECTED. SECTION: STA 85+00
2. CONSTRUCTION OF THE DAM HAS BEEN ONGOING BY NSM. CONDITIONS ?HHMMWM?‘O 4‘0
HAVE CHANGED FROM THE TIME OF THE SURVEY. SCALE IN FEET ISSUED
3. PROTECT TAILINGS PIPE DURING CONSTRUCTION ACTIVITIES. FOR CONSTRUCTION
| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, JCLIENT 5/28/14 : 1 E I .
OR REPORT WAS PREPARED BY ME OR UNDER MY |§\D 23] _ Project Office D:j: AS/ S;OWN 2014 PROPOSED DAM CONTRUCTION BARR P;g;gor\gas
DIRECT SUPERVISION AND THAT | AM A DULY BARR ENGINEERING CO. 06/26/2013
LICENSED PROFESSIONAL ENGINEER UNDER THE CONSTRUCTION 5/28/14
LAWS OF THE_STATE OF MINNESOTA. /2] BARR a:BZBEIN:;”uNA\éES’;liE EAST [Drawn GSJ NORTHSHORE MINING COM PANY MILEPOST SEVEN TAILINGS BASIN- DAM 1 CLIENT PROJECT No.
S A 4 Checked ATG
BT
SIGNATURE = Bl C o 71 2] 3 |Comorste Heodquarters: ~ Eh: 1-800-225-1966 Designed SILVER BAY, MINNESOTA DAM 1 RAISE — ELEVATION 1246 DWG. No REV. No
PRINTED NAME SARA L. LEOW RELEASED Minnoapofis, Minnesota 10X (218) 2623460 GsJ SECTIONS e e
NoO.| BY [CHKJAPP.| DATE REVISION DESCRIPTION DATE __5/28/2014 _ ReG. No. 47103 TO/FOR DATE RELEASED Ph: 1-800-632-2277 barr Approved SLL CC-005 0




Dam 2



NORTHSHORE MINING COMPANY
DAM 2 RAISE - ELEVATION 1248

TAILING BASIN CONTROL DATA

BASIN CONTROL

NUMBER| NAME INORTHING EASTING _[ELEVATION
1 HV-8 |621587.4510] 3048856.4250| 1308.69
2 HV—11 [620725.2580] 3059623.2150| 1201.82
3 HV-16 [615676.6820]| 3054865.0750| 1214.85

INDEX OF SHEETS

CC-001 . . . . TITLE SHEET, SITE PLAN, AND SHEET INDEX
CC—002 . . . . CONSTRUCTION LOCATION MAP
CC-003 . . . . EXISTING CONDITIONS, PLAN AND PROFILE
CC—-004 . . . . CONSTRUCTION PLAN
CC-005 . . . . TYPICAL SECTIONS
CC-006 . .. . DAM 2 — INTERMEDIATE ELEV 1243
. CC-007 . ... DAM 2 — ELEV 1248
=\ Y il CC-008 . . .. DAM 2 — SEEPAGE CUTOFF
/ » /| Il 0 CC-009 . ... DAM 2 — SEEPAGE CUTOFF DETAILS
RECLAM DIKE / = z N
7 >
/ S
8

b .. #% SIVER BAY

@ o
- > 0 4 LA
5 MILEPOST SEVEN " s
: BEAR LAKE &
=
g 3 8 Bay
B PIPELINE ACCESS ROAD 5 -
8 .
) 1, Beuv\i Bay
8 et
8 ® W
° <
3 BEAVER
v BAY
53 N
: y
£d
S¢
g b
82 / ISSUED
5 COUNTY HWY 3 7 °  [looo 2000 @ FOR CONSTRUCTION
o8 ) 7 —= Gl SCALE IN FEET 6/30 égo 16
2 | HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, | cLIENT 2/23] 6/30 i ice: [Sca BARR PROJECT No.
g O SEEORT S i o1 ME 8 N0 W' [ D e coees o [T 2016 PROPOSED DAM CONSTRUCTION 53330086
&% Lmsmjgnggﬁ,;Lﬂ\(wmbg;gwmgggg? T [ consTRUCTION 2/23 3128 14TH AVENUE EAST [Grown oS0 NORTHSHORE MINING COMPANY MILEPOST SEVEN TAILINGS BASIN CTENT PROJECT Nor ]
98 = HIBBING, MN 55746
o< alls . [, | o0 s Checked ATG SILVER BAY, MINNESOTA -
g PRINTED NAVE SARA L. LEOW Receasep A [ B I CJOJ1]2]3 [Rereerate Hesauoners: Fox: (218) 265-3460 Designed GSJ ’ DAM 2 RAISE ELEVATION 1248 DWG. No. REV. No.
|no.| BY [cHk]aPP| DATE REVISION DESCRIPTION DATE __8/30/2016 _ REG. NO. 47103 TO/FOR DATE RELEASED Ph: 1-800-632—2277  WWwWw-barr.com Approved SLL TITLE SHEET, SITE PLAN, AND SHEET INDEX CC-001 1




CADD USER: Greg Johnson FILE: K:\DESIGN\23380086.00\23380086 DAM 2_CC—002.DWG PLOT SCALE: 1:2 PLOT DATE: 6/30/2016 12:15 PM

6SJ K:\Design\23380086.00\23380086 Dam 2_CC-002.dwg Plot at 10 05/06/2014 10:28:10

W:;\

&

LANDFILL -

o \a\k
S
:\Q

CONSTRUCTION AREA,
REFER TO CC—003

Project Office: /¥'°°'°

THEREDY CERTIFY THAT THIS PLAN, SPECIFIGATION, [CLENT 2/23] 6/30
OR REPORT WAS PREPARED BY ME OR UNDER MY [E

DIRECT SUPERVISION AND THAT | AM A DULY

LICENSED PROFESSIONAL ENGINEER UNDER THE [CONSTRUCTION 2/23

LAWS OF TATE_QF  MINNESOTA.
%/C/
PRINTED NAME SARA L. LEOW ReLeasep | A 1B |1 C101]1 Corporate Headquarters:
NO. ICHKJAPP.| DATE REVISION DESCRIPTION DATE __6/30/2016 _ REG. NO. 47103 TO0/FOR DATE RELEASED Ph: 1-800-632-2277

BARR ENGINEERING CO.
3128 14TH AVENUE EAST
HIBBING, MN 55746

Ph: 1-800-225-1966

Fox: (218) 262-3460
www.barr.com

AS_SHOWN

05,/05/2014

GSJ

PAGE CUTOFF AREA, ~/
0 CC-008 .
¢ b
\ £

LAYOUT NOTES:

1. LAYOUT BASED ON CONTOURS DEVELOPED FROM LIDAR BY
AERO—METRIC OF SHEYBOYGAN, WISCONSIN COMBINED WITH BATHYMETRY

BY BARR ENGINEERING. DATE OF LIDAR MAY, 2014.

DATE OF

BATHYMETRY MAY 15, 2015. MAPPING BASED ON THE FOLLOWING DATUM:

— VERTICAL DATUM: TWO FOOT CONTOUR
INTERVAL BASED ON NORTH AMERICAN
VERTICAL DATUM OF 1988.

— HORIZONTAL DATUM: MINNESOTA STATE PLANE
COORDINATE SYSTEM, NORTH ZONE,
NAD 83/96

/1 PLAN: VICINITY MAP
O/

ISSUED
6/30/2016

FOR CONSTRUCTION

NORTHSHORE MINING COMPANY
SILVER BAY, MINNESOTA

2016 PROPOSED DAM CONSTRUCTION
MILEPOST SEVEN TAILINGS BASIN

BARR PROJECT No.

DAM 2 RAISE — ELEVATION 1248
CONSTRUCTION LOCATION MAP

DWG. No.
CC-002

23380086

CLIENT PROJECT No.

REV. No.

1




10:19:05

— K:\Design\23380086.00\23380086 MP7 Existing Planimetric.dwg K:\Design\23380086.00\23380086_Dam 2 Elev 1248 Planimetric.dwg

CADD USER: Greg Johnson FILE: K:\DESIGN\23380086.00\23380086 DAM 2_CC—003.DWG PLOT SCALE: 1:2 PLOT DATE: 6/30/2016 12:18 PM

6SJ K:\Design\23380086.00\23380086 Dam 2_CC-003.dwg Plot at O 05/06/2014

Patl

_
\_FUTURE WORK
{

1
TO BE
\

COMPLETED

- D T \
o — W
1 APPROXIMATE DESIGN
S0+0olLI 45+00 40+00 COMPACTED GLACIAL TILL BLANKET |
N ~ n /
__ PLANT AGGREGATE DAM, SEE NOTE 5 l . N b

é\y -
%,
%

. p FILTER BERM, SEE NOTE 5

: e NORTH POND
/ WATER LEVEL 1216.50
| (11/2/15)

LAYQUT NOTES: GENERAL NOTES:
1. LAYOUT BASED ON CONTOURS DEVELOPED FROM LIDAR BY PLAN: DAM 2 LEGEND: 1 ALL INSTRUMENTATION SHALL BE PROTECTED
AERO-METRIC OF SHEYBOYGAN, WISCONSIN COMBINED WITH BATHYMETRY . -
BY BARR ENGINEERING. DATE OF LIDAR MAY, 2014. DATE OF 0 300 600 O GASAGRANDE PIEZOMETER
3 . 2014. . Ll j 2. CONSTRUCTION OF THE DAM HAS BEEN ONGOING BY NSM. CONDITIONS HAVE CHANGED FROM THE TIME OF THE SURVEY.
BATHYMETRY MAY 15, 2015. MAPPING BASED ON THE FOLLOWING DATUM: SR O PNEUMATIC PIEZOMETER

— VERTICAL DATUM: TWO FOOT CONTOUR © VIBRATING WIRE PIEZOMETER 3. PROTECT TAILINGS PIPE DURING CONSTRUCTION ACTMITIES.

INTERVAL BASED ON NORTH AMERICAN 4. PROVIDE, PLACE, AND COMPACT MATERIALS IN DAMS IN GENERAL ACCORDANCE WITH MATERIALS AND METHODOLOGIES DESCRIBED

VERTICAL DATUM OF 1988. A INCLINOMETER IN UPDATE OF ENGINEERING DESIGN FOR THE RESERVE MINING COMPANY ON—LAND TAILINGS DISPOSAL FACILITY, MAY 1985,
DISCUSSED IN THE MEMO TITLED “DAM 2 RAISE CONSTRUCTION RECOMMENDATIONS,” AND DESCRIBED IN THE BARR REPORT TITLED
— HORIZONTAL DATUM: MINNESOTA STATE PLANE ; v g
COORDINATE SYSTEM, NORTH ZONE, O RELIEF WELL DAM 2 STABILITY EVALUATION, DAM 2 CREST ELEVATION 1248 FEET.
NAD 83/96 5. DAM CONSTRUCTION SHOWN DEPICTS FULL DAM CONSTRUCTION EXTENTS TO ELEVATION 1248
1300 1300
1280 1280
1250 EXISTING ELEVATION AT DAM G PROPOSED DAM ELEVATION 1248 PROPOSED INTERMEDIATE DAM ELEVATION 1243 1260
0.00% /
/e g . g g N
. v \\A/\/ Mw\_ / 1240
1220 1220
1200 EXISTING ELEVATION AT DAM €, (TYP.) | PROPOSED ELEVATION AT DAM §, (TYP.) 1200
<~ <+ M <+ a SIS - a M a 0 Qo S Lé oo 0o N o oo 0o oo © o
o ~ o 0 00 0 ™~ o0 ~ 00 ~ 00 o0 00 Q0 o 0 [o3): ) 00 00 < 00 00 00 < 00 ~ 00
el ] © I I < NI NI NI NI s Mg MI$ NI LI NI AR N
2 S & G RN §S §S §S S S8 N N N N N I I
80+00 75+00 70+00 65+00 60+00 55+00 50+00 45+00 40+00 35+00 30+00 25+00 20+00 15+00 10400 5+00 0+00
69 PROFILE: DAM 2 ISSUED
HORIZONTAL SCALE: 0 300 600 VERTICAL SCALE: o 60 FOR CONSTRUCTION
SCALE IN FEET SCALE IN FEET 6/30/2016
| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION,l . rS l .
O IRECT SUPERSION AND TWAT 1 Al A DOLY " o —— - Pro];;;:fﬂ EﬁGINEERING co. D:':: ogiossk/‘cz)g? 4 2016 PROPOSED DAM CONSTRUCTION [*™ PE??&O%BB
LICENSED PROFESSIONAL ENGINEER UNDER THE |CONSTRUCTION X T
LAWS OF Wwﬂ. 2/23 BARR EI:BZBBINETHNA%EE';&E EAST [Drawn GSJ NORTHSHORE MlNlNG COM PANY MILEPOST SEVEN TAILINGS BASIN, DAM 2 CLIENT PROJECT No.
g ' Checked
o 1_s00-225-1366 : ATG SILVER BAY, MINNESOTA DAM 2 RAISE — ELEVATION 1248 e ————
AlB|C|l O] 1] 2] 3 |Corporate Headquarters: ¢4 '(518) 262-3460 Designed GSJ DWG. No. REV. No
prNTED e SIEA L LEON | RELEASED Minneapolis, Minesoio  ywwbar.com EXISTING CONDITIONS PLAN AND PROFILE cC— 1
No.| BY [cHk]APP] DATE REVISION DESCRIPTION DATE __6/30/2016 _ Rec. No. 47103 TO/FOR DATE RELEASED Ph: 1-800-632-2277 -barr ‘Approved SLL CC-003 1




— K:\Design\23380086.00\23380086 MP7 Existing Planimetric.dwg K:\Design\23380086.00\20276_1.dwg K:\Design\23380086.00\23380086_Dam 2 Elev 1248 Planimetric.dwg

CADD USER: Greg Johnson FILE: K:\DESIGN\23380086.00\23380086 DAM 2_CC—004.DWG PLOT SCALE: 1:2 PLOT DATE: 6/30/2016 12:20 PM

Xrefs in Drawin,

10:21:02

12/08/2015

Plot at O

K:\Design\23380086.00\23380086 Dam 2_CC—004.dwg

gsj

S===S=SgEEsn|
o

!.#A

FILTER BERM, SHOWN AT ELEVATION 1248

SURFACE. APPLY COMPACTED FILTERS TO ABUTMENT
= CONTACT FACE. SURFACE TO BE INSPECTED BY DAM
ENGINEER PRIOR TO FILL PLACEMENT

P

3

( )PLAN: DAM 2
0 200 400

I |

SCALE IN FEET

S

LAYOUT NOTES:

1. LAYOUT BASED ON CONTOURS DEVELOPED FROM LIDAR BY
AERO-METRIC OF SHEYBOYGAN, WISCONSIN COMBINED WITH BATHYMETRY
BY BARR ENGINEERING. DATE OF LIDAR MAY, 2014. DATE OF
BATHYMETRY MAY 15, 2015. MAPPING BASED ON THE FOLLOWING DATUM:

— VERTICAL DATUM: TWO FOOT CONTOUR
INTERVAL BASED ON NORTH AMERICAN
VERTICAL DATUM OF 1988.

— HORIZONTAL DATUM: MINNESOTA STATE PLANE
COORDINATE SYSTEM, NORTH ZONE,
NAD 83/96

GENERAL NOTES:

1. ALL INSTRUMENTATION SHALL BE PROTECTED.

2. CONSTRUCTION OF THE DAM HAS BEEN ONGOING BY NSM.
HAVE CHANGED FROM THE TIME OF THE SURVEY. ESTIMATED

CONSTRUCTION VOLUMES HAVE BEEN CALCULATED AGAINST 2014
CONDITIONS.

CONDITIONS

3. PROTECT TAILINGS PIPE DURING CONSTRUCTION ACTIVITIES.

FUTURE WORK TO BE COMPLETED

0+00.

i/ 4

o FILTER BERM, SHOWN AT ELEVATION 1248

PLAN: DAM 2 ESTIMATED QUANTITIES|ESTIMATED QUANTITIES
@—o 00 400 WATERIAL |EXISTING — EL 1243 [EL 1243 — EL 1248 ISSUED
FILTER 171,200 CY 105,000 CY

LN ‘:; PA — DAM| __ 1,900,000 CY 460,000 CY FOR goﬁfzﬁljgffwlf
R R g Lt ey oo - — | R 2016 _PROPOSED DAM CONSTRUCTION |™™ 355,056
B A — IBARR 3.\ ot 5o = NORTHSHORE MINING COMPANY MILEPOST SEVEN TAILINGS BASIN, DAM 2 [crv pRodecT o

= A//(/ 4 Checked ATG
T o, | oo s SILVER BAY, MINNESOTA -
s oae G o uon e N EH R o R A e e A ey ' DAM 2 RAISE — ELEVATION 1248 A
NO.| BY [CHKJAPP] DATE REVISION DESCRIPTION DATE __6/30/2016 _ RgG. NO. 47103 T0/FOR DATE RELEASED Ph: 1-800-632—2277 www.barr.com Approved SLL CONSTRUCTION PLAN CC-004 1




07:50:25

Plot ot 0 05/11/2016

1260 1260

— K:\Design\23380086.00\23380086 MP7 Existing Planimetric.dwg K:\Design\23380086.00\20276_1.dwg K:\Design\23380086.00\23380086_Dam 2 Elev 1248 Planimetric.dwg

— "C:\Users\gsj\Desktop\SLL Signature.jpg

K:\Design\23380086.00\23380086 Dam 2_CC—005.dwg

CADD USER: Greg Johnson FILE: K:\DESIGN\23380086.00\23380086 DAM 2_CC—005.DWG PLOT SCALE: 1:2 PLOT DATE: 6/30/2016 12:23 PM

Images in_Drawin

Xrefs in_Drawin
gsj

FILTER BERM \w 15.00° , 5D.00 T INITIAL PLANT AGGREGATE PLACEMENT
ELEV, 1248
ELEV. 1243 L :
1240 > FUTURE PLANT v T~ Sh:ty 1240
- AGGREGATE PLACEMENT = x
_7DAM 2 L ~
____________________________________________ —— _ N
N
\\\ ________________________________________
1220 N 1220
EXISTING GROUND, (2014) ~_
121064 —40 ~20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 54210
SECTION: STA 52400
Y 20 40
[ETETETRTRTRTETHTRIT] B |
SCALE IN FEET
1260 - . 1260
FILTER BERM — o 1900° 5p.00 o INITIAL PLANT AGGREGATE PLACEMENT
ELEV. 124}\\
ELEV. 1243 o R S 6H:1y
1240 S 2 . — ~J 1240
i FUTURE PLANT -7 AN
e AGOREGATE PLACEMENT | | _ | L __ ~ NG
- 5oumuiunin A N S N E SR N SO Lttt S~
- A0 NS N ol T e
2 3 (S [ [ I A AN AN Ao A N A NN AN (N AN A AN N AN A KN (N AN (N AN A AN AN AN A AN AN (N AN R K S E e St S R
1220 ———L—f _— e ——————————— 1220
EXISTING GROUND, (2014)
121064 —40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 54?10
SECTION: STA 42400
% 6 20 40
[FTETETRTRIRTETH TRTT] B |
SCALE IN FEET
1260 - . 1260
FILTER BERM \_15-00 - 5p.00 o INITIAL PLANT AGGREGATE PLACEMENT
ELEV, 1248 \
ELEV. 1243 __L_ s
— I S _—— H: 1
1240 > “Bhwt 2 — 7 < v 1240
& FUTURE PLANT -7 RS
P AGGREGATE PLACEMENT | | | - - N
92 s Pk e S B ~
s / P N o=
g -l R - S~do L _
1220 B B e e 1220
EXISTING GROUND, (2014)
121064 —40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 s54b? 10
SECTION: STA 34+75
RN 20 40
SCALE IN FEET
1260 - . 1260
FILTER BERM \_15-00 - 5p.00 o INITIAL PLANT AGGREGATE PLACEMENT
ELEV, 1248 \
ELEV. 1243 | AN N A ISR RNV E 61y
1 FUTURE PLANT d NN 1240
AGGREGATE PLACEMENT i \\\ / EXISTING GROUND, (2014)
____________________ N
i ~
// \\
1220 ~o e s - 1220
_______ ~
d
121064 —40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 80  s00 520 54’0
SECTION: STA 10+00
GENERAL NOTES: o 20 40
| FTETE TR TEYRTETY THTT] B |
1. ALL INSTRUMENTATION SHALL BE PROTECTED. SCALE IN FEET
2. CONSTRUCTION OF THE DAM HAS BEEN ONGOING BY NSM. CONDITIONS
HAVE CHANGED FROM THE TIME OF THE SURVEY. ESTIMATED ISSUED
CONSTRUCTION VOLUMES SHOWN ON CC—-004 HAVE BEEN CALCULATED
AGAINST 2014 CONDITIONS. 1;10}? CUNSTHUCTIO /V
3. PROTECT TAILINGS PIPE DURING CONSTRUCTION ACTIVITIES. 6/30/2016
| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, e " rs g .
R REGT. SUPERVISON. AND THAT 1 A A DOLY" g:-;aﬂ —— |_ ng:mgm I-;:IIGINEERING co D:':: ogioi’;cz)g?4 2016 PROPOSED DAM CONTRUCTION i P;gjggothG
Y E .
mnsﬂspggw Wuom THE  [CONSTRUCTION 2/23 IB ARR EI|1 legNé 4TuNA\éE5l;lilé EAST [Grawn o5) NORTHSHORE MINING COMPANY MILEPOST SEVEN TAILINGS BASIN, DAM 2 [COENT PROJECT Nom ]
X ’ Checked SLL
R ., SILVER BAY, MINNESOTA — ELEV.
. Ph: 1-800—-225-1966 - FTY o Y P 1oYW e
PRINTED NAME SARA L. LEOW | RELEASED A B C 0 1 2 3 F‘?rporatep Heﬂgquartfrs. Fax: (218) 262-3460 Designed GSJ ! DAM 2 RNSE E AT|ON 1248 DWG. No. REV. No.
NO.| BY [CHKJAPPJ DATE REVISION DESCRIPTION DATE __6/30/2016 _ ReG. NO. 47103 T0/FOR DATE RELEASED Ph: 1-800-632—2277 www.barr.com Approved SLL SECTIONS CC-005 1




FILE: K:\DESIGN\23380086.00\23380086 DAM 2_CC—006.DWG PLOT SCALE: 1:2 PLOT DATE: 6/30/2016 12:52 PM

CADD USER: Greg Johnson

FUTURE’ WORK TO BE COMPLETED,

DITCH CONFIGURATION SHOWN IN CLOUDED AREA IS
PRELIMINARY AND CONCEPTUAL TO BE FINALIZED' IN
CONJUCTION WITH WEST RIDGE RAILROAD DESIGN

EXISTING DIVERSION DITCH

O,
i

BFO 79400 20+00 21403 —
; ; + = — #

i “M‘\‘\ ‘ BLOCK EXISTING DIVERSION DITCH
HERAENRRE R
R
Ll

e
EXTEND SEEPAGE
COLLECTION DITCH

FUTURE DAM CONSTRUCTION
TO FULL WIDTH

WESTERN EXTENT OF
INTERMEDIATE DAM RAISE

EXISTING DIVERSION DITCH

EXISTING SEEPAGE
COLLECTION DITCH

1243 DAM 2 RAISE PROJECTION
(TO BE BUILT IN 2015)

sktop\SLL Signature.jpg
a

PLAN: DAM 2 DIVERSION DITCH/DAM CONSTRUCTION NOTE: "FUTURE WORK TO BE COMPLETED” SHALL BE REQUIRED TO BE COMPLETED ]SS[/Eﬂ
WHEN THE WATER LEVEL IS WITHIN 10" OF THE DAM CREST, WHEN RUNOFF FROM
0 100 200 THE WEST RIDGE RAILROAD WOULD ENTER THE DIVERSION DITCH, OR WHEN RUNOFF Faﬁ COZVSTHUCTION

Ll | FROM THE DAM WOULD ENTER THE DIVERSION DITCH — WHICHEVER OCCURS FIRST.

gsj K:\Design\23380086.00\23380086 Dam 2_CC-006.dwg Plot at 40 12/22/2015 13:30:01

SCALE N FEET 6/30,/2016
| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, |CUENT 12/23| 6/30] . TScal BARR PROJECT No.
OR IRECT SUPERVSION, AND. THAT 1 At & Doy [ _ Pmljae;;:fr ENGINEERING GO, o 1?313’;2\’0\’:' 7 2016 PROPOSED DAM CONSTRUCTION 23380586
UCML?MP%%FEEEIO%%@B&?N%&?E THE  |CONSTRUCTION 12/23 B ARR EI:BZBBIN;I;‘*THNA\;EE';L‘:.E EAST [Drawn 5SJ NORTHSHORE MINING COM PANY MILEPOST SEVEN TAILINGS BASIN CLIENT PROJECT No.
PRINTED NAVE SARA-L. LEQW e I Checked SLL SILVER BAY, MINNESOTA PLAN
] X RELEASED A B C 0 1 2 3 |Corporate Headquarters: oo (218) 262-3460 Designed GSJ DWG. No. REV. No.
-H%|noJ BY [cHk|aPP| DATE REVISION DESCRIPTION DATE __6/30/20%6~ License 447103 TO/FOR DATE RELEASED Ph: 1-800-632-2277  WNw-bar.com Approved SLL DAM 2 — INTERMEDIATE ELEV 1243 CC-006 1




FILE: K:\DESIGN\23380086.00\23380086 DAM 2_CC—007.DWG PLOT SCALE: 1:2 PLOT DATE: 6/30/2016 12:50 PM

— C:\Users\gsj\Desktop\SLL Signature.jpg
sign\23380086.00\23380086 Dam 2_CC-007.dwg Plot at 0 12/22/2015 13:35:44

Images in Drawing

CADD USER: Greg Johnson
gsj K:\De:

FUTURE WORK TO BEGIN AFTER COMPLETION OF =~
WEST RIDGE RAILROAD/DIVERSION DITCH WORK, OR
UNTIL MURPHY’S POND REACHES ELEVATION 1238,
5 WHICHEVER OCCURS FIRST. PRELIMINARY DITCH
S CONFIGURATION CONCEPT IS SHOWN AND IS TO BE

(@) FURTHER DESIGNED IN CONJUNCTION WITH WEST

) RIDGE RAILROAD DESIGN.

\ EXISTING DIVERSION DITCH
‘19‘,:00 ' 204'._oo_r 21:—03

= ‘-’to..\ %

< ’ 7///////////////// 17400 —18+00 7
> X
,A/,/~ LOCK EXISTING DIVERSION DITCH
IAIl,'&\ S
//.41{////v > ST,
ST %
=

EXISTING DIVERSION DITCH

b

2 l Lz ’ // | \\\ ,
7 N\
)%‘ .// ////// \\\ e S

° g,

s 7 ~Sq
—

% _ 1248 DAM 2 RAISE PROJECTION

7 . e A

PLAN: DAM 2 DIVERSION DITCH/DAM CONSTRUCTION @ ISSUED

o 100 200 FOR CONSTRUCTION
SCALE N FEET 6 %20/6’
b#ﬁiﬁ%ﬁﬁsiﬁ %?'i%%wlg;w - _ Pmljae;;:fr IEC:I:GINEERING co. rz:*:l: 1?313’;2\’0\’?4 2016 PROPOSED DAM CONSTRUCTION i P;gjggo'gQS
O s OF TE STATE OF MANESOTA. | [ 12/23 BARR & ARE st oo = NORTHSHORE MINING COMPANY MILEPOST SEVEN TAILINGS BASIN OENT PROVEET Mo
PRINTED N‘"EM - |, -800-225- 1366 ecke? SLL SILVER BAY, MINNESOTA PLAN
X Reeasep LA I B I Cl O 1] 2 3 [Gororate Headquarters: gy (518) 262-3460 Designed GSJ DWG. No. REV. No.
No.| BY [cHKJAPP] DATE REVISION DESCRIPTION DATE __6/30/2016 |icENSE 447103 TO/FOR DATE RELEASED Ph: 1-800-632-2277 ~ Wwwbarr.com Approved SLL DAM 2 — ELEV 1248 CC-007 1




CADD USER: Randy Wilson FILE: D—SIZE—BARR_2011_TEMPLATE.DWG PLOT SCALE: 1:1 PLOT DATE: 6/12/2008 3:47 PM

rawing — M:\Design\23380086.00\2008 outer.dwg

15:08:189

12/21/2011

Plot at 50

M:\Design\23380086.00\Seepage Cut—off Wall Design\CC—004.dwg

gsj

DOWNSTREAM FILTER

FUTURE SPIGOT LINE
(APPROXIMATE)

DAM 2 SEEPAGE RECLAIM PIPELINE

~ WORK ZONE

/
PROPOSED LOW PERMEABILITY COMPACTED FILL AND DOWNSTREAM FILTER
P

AVLAN
COMPLETED SEEPAGE CUTOFF
/
Q
Q
RAILROAD ¢
AN
N\
N

CONSTRUCTION COORDINATES

STATION NORTHING | EASTING DESCRIPTION .
STA. 0+40|625143.76 | 3061057.34{LOW PERMEABILITY COMPACTED FILL =002 PLAN: DAM 2 — SEEPAGE CUTOFF
STA. 2+55[625138.34 | 3061272.27|(FIELD VERIFY) N/ 50 100 @
[ ]
SCALE IN FEET
ISSUED
FOR CONSTRUCITON
6/30,/2016
) | CLIENT rojec ice: [Seale -
bsﬁiﬁ%ﬁmﬁ BTEAD:#NEI (EEE?ES%?‘NY BID — _ ’ JBA;:W ENGINEERING CO. zﬂtle oﬁoi?%l 2016 PROPOSED DAM CONSTRUCTION i P;gjggo'g)SS
NS OF ToE STATE OF Mnwesora, | [CSTRUCTION BARR 12,0 st o GsU NORTHSHORE MINING COMPANY MILEPOST SEVEN TAILINGS BASIN CUENT PROJECT No.
- Cmm— .. ... checked | ATG SILVER BAY, MINNESOTA DAM 2 RAISE — ELEVATION 1248 [REV. o,
PRINTED NaE SARE L. LEOW RELEASED B clo 1 Corporate Headquarters:  pol. (218) 562-3460 Designed SLL DWG. No. REV. No.
NO., [CHK|APP.| DATE REVISION DESCRIPTION DATE __6/30/2016 _ ReG. NO. 47103 TO/FOR DATE RELEASED Ph: 1-800-632-2277 ~ Wwwbarr.com ‘Approved SLL SEEPAGE CUTOFF CC-008 0




CADD USER: Greg Johnson FILE: K:\DESIGN\23380086.00\23380086 DAM 2_CC—009.DWG PLOT SCALE: 1:2 PLOT DATE: 6/30/2016 12:54 PM

Images in_Drawin

— C:\Users\gsj\Desktop\SDul_5th_KO12020614370.jpg

Plot at 0 05/01/2012 07:29:52

M:\Design\23380086.00\CC—006.dwg

gsj

1280 1280
EXISTING HILLSIDE |(ROCK AND LOOSE| BOULDERS) ~
1270 o 1270
/
M
1260 __ e 1260
- -+
1250 — STAGE 4 ELEVATION 1248 1250
/ 707, 7 M/ STAGE 3| ELEVATION 1243
1240 — 7777777777772 777777777777 77777777777 777777777 5722777 /77 777777 77 STAGE 2 ELEVATION 1240—COMPLETED 2012 1240
TAILINGS BEACH - T T
1230 o 1230
/
b
1220 . STAGE 1_ELEVATION 1216—COMPLETED 2012 1220
R B S B, S
1210 1210
1200 1200
\
1190 —_—— = 1190
-1400 —-0+80 —-0+60 —-0+40 —-0+20 0+00 0426 0+40 0+60 0+80 1400 1420 1440 1460 1+80 2+00 2420 2+40 2+60 2+80 3+00 3+20 3+40 3+60 3+80 4+00 4420 4+40
STAGE 1 — PREVIOUSLY INSTALLED SCB SEEPAGE CUTOFF
( ) SECTION: SEEPAGE CUTOFF
0 20 40
[ETETETRTRTRTRTHTRIT] B |
SCALE IN FEET
PLANT AGGREGATE BACKFILL 8.00" (MIN) 8.00" (MIN.)
STAGE 4 ELEVATION 1248
STAGE 3 ELEVATION 1243
STAGE 2 ELEVATION 1240—COMPLETED 2012
LOW PERMEABILITY COMPACTED FILL CUTOFF
DOWNSTREAM FILTER\\ / PLANT AGGREGATE BACKFILL
j STAGE 1 _ELEVATION 1216
)
o
™
- . SCB SEEPAGE CUTOFF
EXISTING PLANT AGGREGATE
BOTTOM ELEVATION VARIES
SECTION: SEEPAGE CUTOFF
NOT TO SCALE ] S S[/ED
| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, [CLIENT — —] —16/39 —|— Project Office: [Scale AS SHOWN BARR PROJECT No.
of SR WS rRCmacs o e o Aot W [ T | o cvoneene oo [ Toer0s/5017 2016 PROPOSED DAM CONSTRUCTION | ™ 53380086
B (N B B e e —BARR Z.THADE ot [ oSy NORTHSHORE MINING COMPANY MILEPOST SEVEN TAILINGS BASIN STENT PROJECT o,
( RN S U — R — ’ Checked
I . 1_g00-725-1965 : ATE SILVER BAY, MINNESOTA DAM 2 RAISE — ELEVATION 1248 ]
PRINTED NAME Sabt—trow— Receasep LA L Bl Cl o] 1] 2| 3 |Coporate Headquarters: oy, (51g) 262-3460 Designed SLL WG, No. REV No.
NO.| CHKJ|APP] DATE REVISION DESCRIPTION DATE __6/30/2016 _ ReG. NO. 47103 TO/FOR DATE RELEASED Ph: 1-800-632-2277  WWw-.barr.com Approved SLL SEEPAGE CUTOFF DETAILS CC-009 0




Dam 5



NORTHSHORE MINING COMPANY
DAM 5 RAISE

LOCATION MAP ()

M/"/ ¢

TAILING BASIN CONTROL DATA
BASIN CONTROL

NUMBER |[NAME NORTHING EASTING ELEVATION [DESCRIPTION
9 HV-9 621587.4510| 3048856.4250| 1308.69
11 HV—11 [620725.2580 |3059623.2150(1201.82
16 HV—16 [615676.6820 | 3054865.0750| 1214.85
19 HV—=19 [613756.3770|3057456.3040]1180.18 |REVISED COORDS
1oy DAM 5
e SEE SHEET
MILEPOST SEVEN TAILINGS POND CC-002
INDEX OF SHEETS
CC—001 . . . . TITLE SHEET, SITE PLAN, AND SHEET INDEX

CC—002 . . . . EXISTING CONDITIONS PLAN/PROFILE
CC—-003 . . . . CONSTRUCTION PLAN

CC-004 . . . . DAM PROFILE

CC—-005 . . . . SECTIONS — STATION 8+00 AND 14400
CC—006 . . . . SECTIONS — STATION 14+00 AND 24+00

SOUTH POND

“CO HWY 4 ¢

. &% SIVER BAY

CADD USER: Randy Wilson FILE: D—SIZE—BARR_2011_TEMPLATE.DWG PLOT SCALE: 1:1 PLOT DATE: 6/12/2008 3:47 PM

Xrefs in Drawing — M:\Design\23380086.00\2008 outer.dwg
gsj M:\Design\23380086.00\23380086 Dam 5_TS—001.dwg Plot at 20 04/06/2012 10:38:37

Images in Drawing — M:\Design\23380086.00\Seepage Cut—off Wall Design\local map.tif

S 0 4 3
MILEPOST SEVEN = (I
BEAR LAKE z
m
]
o
2.)55&‘5“1‘
1
East
- o EmwirBay
: o o
H © " . B
ACCESS ROAD /
BEAVER BAY
4 &
——
0 1000 2000
COUNTY HWY 3/ Litetiriil | @ FOR CONSTRUCTION
1 = SCALE IN FEET
CNSZJATG [ SLL]06/12/18] ISSUED_FOR_CONSTRUCTION T WEREBY CERTIY THAT THIS PLAN, SPECFICATION, | CLIENT (7 " ; oo BARR PROJECT No.
O IREGT SUPERVISON. AKD THAT 1 A A DoL " [ BID _ngAc:a:"Er:dNEERlNG co. [bste Qjas/gm MILEPOST 7 TAILINGS BASIN 23/38—-086
N e o0 1oz STATE" o7 MinnESoTe, | [FCoNSTRUCTION f/TZ/1 B ARR 3128 14TH AVENUE EAST [orovn oMs2 NORTHSHORE MINING COMPANY SILVER BAY, MINNESOTA CLENT PROJECT No.
= ' Checked GSJ
LTI o), | a0 o5 SILVER BAY, MINNESOTA -
et oue S L 1500 e [A LB C Lo 1T 1213 |Gmme e G 7538  [Fwe| o ' DAM 5 RAISE — ELEVATION 1245 WG T REV. T
.| BY |CHK]APP| DATE REVISION DESCRIPTION DATE__6/12/18 _ Rec. No. 47103 TO/FOR DATE RELEASED Ph: 1-800-632-2277 ~ Wwwbarr.com Approved SLL TITLE SHEET, SITE PLAN, AND SHEET INDEX CC-001 A



AutoCAD SHX Text
CADD USER: Randy Wilson FILE: D-SIZE-BARR_2011_TEMPLATE.DWG PLOT SCALE: 1:1 PLOT DATE: 6/12/2008 3:47 PM

AutoCAD SHX Text
INDEX OF SHEETS

AutoCAD SHX Text
CC-002

AutoCAD SHX Text
. . . . EXISTING CONDITIONS PLAN/PROFILE

AutoCAD SHX Text
DAM 5 RAISE

AutoCAD SHX Text
NORTHSHORE MINING COMPANY

AutoCAD SHX Text
0

AutoCAD SHX Text
1000

AutoCAD SHX Text
2000

AutoCAD SHX Text
SCALE IN FEET

AutoCAD SHX Text
N

AutoCAD SHX Text
DAM 2

AutoCAD SHX Text
DAM 1

AutoCAD SHX Text
LOCATION MAP

AutoCAD SHX Text
LOCATION

AutoCAD SHX Text
PROJECT

AutoCAD SHX Text
N

AutoCAD SHX Text
NUMBER  NAME    NORTHING    EASTING    ELEVATION DESCRIPTION

AutoCAD SHX Text
9       HV-9   621587.4510 3048856.4250 1308.69    

AutoCAD SHX Text
11      HV-11  620725.2580 3059623.2150 1201.82   

AutoCAD SHX Text
16      HV-16  615676.6820 3054865.0750 

AutoCAD SHX Text
19      HV-19  613756.3770 3057456.3040

AutoCAD SHX Text
1214.85

AutoCAD SHX Text
REVISED COORDS

AutoCAD SHX Text
1180.18

AutoCAD SHX Text
TAILING BASIN CONTROL DATA

AutoCAD SHX Text
BASIN CONTROL

AutoCAD SHX Text
MILEPOST SEVEN TAILINGS POND

AutoCAD SHX Text
DAM 5

AutoCAD SHX Text
RECLAIM DIKE

AutoCAD SHX Text
BEAR LAKE

AutoCAD SHX Text
TRUCK SHOP

AutoCAD SHX Text
ASH LANDFILL

AutoCAD SHX Text
COUNTY HWY 3

AutoCAD SHX Text
ACCESS ROUTE

AutoCAD SHX Text
CC-001

AutoCAD SHX Text
. . . . TITLE SHEET, SITE PLAN, AND SHEET INDEX

AutoCAD SHX Text
11

AutoCAD SHX Text
16

AutoCAD SHX Text
9

AutoCAD SHX Text
19

AutoCAD SHX Text
BEAR LAKE

AutoCAD SHX Text
CO HWY 3

AutoCAD SHX Text
CO HWY 4

AutoCAD SHX Text
HWY 61

AutoCAD SHX Text
BEAVER BAY

AutoCAD SHX Text
SILVER BAY

AutoCAD SHX Text
CO HWY 5

AutoCAD SHX Text
CO HWY 4

AutoCAD SHX Text
MILEPOST SEVEN

AutoCAD SHX Text
LAX LAKE ROAD

AutoCAD SHX Text
ACCESS ROAD

AutoCAD SHX Text
CC-003

AutoCAD SHX Text
. . . . CONSTRUCTION PLAN

AutoCAD SHX Text
CC-004

AutoCAD SHX Text
. . . . DAM PROFILE

AutoCAD SHX Text
CC-005

AutoCAD SHX Text
. . . . SECTIONS - STATION 8+00 AND 14+00

AutoCAD SHX Text
CC-006

AutoCAD SHX Text
. . . . SECTIONS - STATION 14+00 AND 24+00

AutoCAD SHX Text
REVISION DESCRIPTION

AutoCAD SHX Text
DATE

AutoCAD SHX Text
APP.

AutoCAD SHX Text
BY

AutoCAD SHX Text
NO.

AutoCAD SHX Text
CHK.

AutoCAD SHX Text
TO/FOR

AutoCAD SHX Text
CONSTRUCTION

AutoCAD SHX Text
RELEASED

AutoCAD SHX Text
BID

AutoCAD SHX Text
CLIENT

AutoCAD SHX Text
DATE RELEASED

AutoCAD SHX Text
Approved

AutoCAD SHX Text
Designed

AutoCAD SHX Text
Drawn

AutoCAD SHX Text
Checked

AutoCAD SHX Text
Date

AutoCAD SHX Text
Scale

AutoCAD SHX Text
DWG. No.

AutoCAD SHX Text
BARR PROJECT No.

AutoCAD SHX Text
CLIENT PROJECT No.

AutoCAD SHX Text
REV. No.

AutoCAD SHX Text
Ph: 1-800-225-1966

AutoCAD SHX Text
HIBBING, MN 55746

AutoCAD SHX Text
3128 14TH AVENUE EAST

AutoCAD SHX Text
BARR ENGINEERING CO.

AutoCAD SHX Text
Fax: (218) 262-3460

AutoCAD SHX Text
Minneapolis, Minnesota

AutoCAD SHX Text
Ph: 1-800-632-2277

AutoCAD SHX Text
Corporate Headquarters:

AutoCAD SHX Text
www.barr.com

AutoCAD SHX Text
Project Office:

AutoCAD SHX Text
DATE

AutoCAD SHX Text
REG. NO.

AutoCAD SHX Text
SIGNATURE

AutoCAD SHX Text
PRINTED NAME

AutoCAD SHX Text
I HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, OR REPORT WAS PREPARED BY ME OR UNDER MY DIRECT SUPERVISION AND THAT I AM A DULY LICENSED PROFESSIONAL ENGINEER UNDER THE LAWS OF THE STATE OF MINNESOTA.

AutoCAD SHX Text
AS SHOWN

AutoCAD SHX Text
6/8/2018

AutoCAD SHX Text
CMS2

AutoCAD SHX Text
GSJ

AutoCAD SHX Text
SLL

AutoCAD SHX Text
SLL

AutoCAD SHX Text
NORTHSHORE MINING COMPANY

AutoCAD SHX Text
SILVER BAY, MINNESOTA

AutoCAD SHX Text
MILEPOST 7 TAILINGS BASIN

AutoCAD SHX Text
SILVER BAY, MINNESOTA

AutoCAD SHX Text
DAM 5 RAISE - ELEVATION 1245

AutoCAD SHX Text
TITLE SHEET, SITE PLAN, AND SHEET INDEX

AutoCAD SHX Text
23/38-086

AutoCAD SHX Text
CC-001

AutoCAD SHX Text
A

AutoCAD SHX Text
A

AutoCAD SHX Text
B

AutoCAD SHX Text
C

AutoCAD SHX Text
0

AutoCAD SHX Text
1

AutoCAD SHX Text
2

AutoCAD SHX Text
3

AutoCAD SHX Text
%%uImages in Drawing%%u - M:\Design\23380086.00\Seepage Cut-off Wall Design\local map.tif

AutoCAD SHX Text
%%uXrefs in Drawing%%u - M:\Design\23380086.00\2008 outer.dwg

AutoCAD SHX Text
gsj  M:\Design\23380086.00\23380086 Dam 5_TS-001.dwg  Plot at 20  04/06/2012  10:39:37

AutoCAD SHX Text
SARA L. LEOW

AutoCAD SHX Text
6/12/18

AutoCAD SHX Text
47103

AutoCAD SHX Text
FOR CONSTRUCTION

AutoCAD SHX Text
SOUTH POND

AutoCAD SHX Text
NORTH POND

AutoCAD SHX Text
SPLITTER DIKE

AutoCAD SHX Text
DAM 5 SEE SHEET CC-002

AutoCAD SHX Text
06/12/18

AutoCAD SHX Text
A

AutoCAD SHX Text
CMS2

AutoCAD SHX Text
ATG

AutoCAD SHX Text
SLL

AutoCAD SHX Text
ISSUED FOR CONSTRUCTION

AutoCAD SHX Text
6/12/18

AutoCAD SHX Text
6/12/18


10/05/2010 14:03:50

Plot at 1

CADD USER: Chris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC—002_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 3:54 PM

BAR M:\AutoCAD 2011\AutoCAD 2011 Support\enu\Template\Barr_2011_Template.dwt

LAYOUT NOTES:

1. LAYOUT BEYOND DAM 5 FOOTPRINT BASED ON CONTOURS DEVELOPED
FROM AERIAL SURVEY BY QUANTUM SPATIAL OF LEXINGTON,
KENTUCKY. DATE OF PHOTOGRAPHY MAY 4, 2017. MAPPING BASED
ON THE FOLLOWING DATUM:

SOUTH POND
W.L..1221.0

— VERTICAL DATUM: TWO FOOT CONTOUR
INTERVAL BASED ON NORTH AMERICAN
VERTICAL DATUM OF 1988.

20+00
— HORIZONTAL DATUM: MINNESOTA STATE PLANE “"__l_-‘__'-\l- 2
COORDINATE SYSTEM, NORTH ZONE, —~—F- \5;{;00
NAD 83/96. ~

—4
2. DEPICTED EXISTING CONDITIONS SURFACE OF DAM 5 ARE ESTIMATED ®D5’3CD
BASED ON REGRADING RECOMMENDATIONS SENT BY BARR TO NSM
3/9/2018. NSM INDICATED THE RECOMMENDED REGRADED SURFACE
WAS SUBSEQUENTLY CONSTRUCTED.

0
35 40()—\_""ZO
w=2290/ 255\ W—2
RECLAIM POND 5= W=g o5

WL 1206.3

GENERAL NOTES: SURVEYED 6/8/2018
1. ALL INSTRUMENTATION SHALL BE PROTECTED.

2. PROPOSED DESIGN BASELINE DETERMINED FROM FIELD INVESTIGATION
AND SHALL BE MODIFIED IN FIELD BASED ON ACTUAL CONDITIONS.

3. CONSTRUCTION OF THE DAM HAS BEEN ONGOING BY NSM.
CONDITIONS HAVE CHANGED FROM THE TIME OF SURVEY.

LEGEND:
EXISTING 10" MAJOR CONTOUR
EXISTING 2’ MINOR CONTOUR
—— — —— DAM CENTERLINE
+HHHHHH EXISTING RR
o INCLINOMETER

© HISTORIC BORING LOCATION -
VIBRATING WIRE PIEZOMETER WITH DATA LOGGER HEAR LAKE
PLAN: DAM 5 @
0 200 400
| | |
SCALE IN FEET
1320 1320
\
\
1310 | 1310
\
\ ] 8
1300 \ S & 1300
} T 1 o
| N o <+ Q <+ s’ ®
1290 { § o) § g 3 | § 1290
\ 5 8 5 2 5 AR
1280 \ a i 1280
\ J
1270 l\ /‘ 1270
L‘ {
1260 \ /’ 1260
\\ I
1250 \ !/ 1250
\
1240 “ SAND — dﬁomz GLAY 1240
. E GRAVEL
et oL~ [EXISTING DAM ELEV. 1235+ _ _ | . _ _| I S R SR S O O N - 1 L= ~_ 4
1230 Y S ——— 1230
N~ o= _ 2012 DAMLEVEL . _ e TN R i =Ll ——— LRI
BEDROCK
1220 1220
2008 DAM LEVEL
1210 1210
AN
1200 \ -7 — 1200
\\ 2003 DAM LEVEL b L/
/
1190 \ / 2003 DAM[LEVEL | /¢ 1190
L / /S
1180 AN J A //‘19 1180
ORIGINAL GROUND \\—~\\\/~\\ == PLANT AGGREGATE \\ /\/0
SILTY SAND- TRACE FINE GRAVEL N _ —} CLAY — SOME SILT SELECT CQARSE / c§
1170 GRAVELLY sanoH | ~————"" [ SAND = SOME CLAY AGGREGATE' ) /& 1170
H SELECT COARSE || CLAY WITH GRAVEL (6L)[] °©
1160 AGGREGATE LEAN-CLAY (CLAY) [ SILTY SAND- — SOMEFINE GRAVEL 1160
=
BEDROCK LEAN cLAY| (cL)H WEATHERED IROCK™N | _ /M SiLTY (CLAY — TRACE OF SAND
1150 4 1150
SILTY SAND (SM SILTY | SAND |- SOME FINE GRAVEL
U (WEATHERED &OC)K) SOME BOULDERS
2+00 4+00 6+00 8+00 10+00 12400 14+00 16+00 18+00 20+00 22+00 24+00 26+00 28+00 30+00 32400 34+00
PROFILE: DAM 5 0 200 400 0 20 40
@—‘ HORIZONTAL SCALE: Liwiiiiioil | VERTICAL SCALE: Luwtituunnl | FOR CONSTRUCTION
SCALE IN FEET SCALE IN FEET
| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, . rS l .
[~ [CNS2[ATG [ SLL]06/12/18] ISSUED FOR CONSTRUCTION °R—|:D’f§c'}”s£‘asmp§§'&‘§ﬁ% B o S g:;sm E;lzgl _ p,o:;; :WIEC:@NEERNG . D::: ,;383/,;3?2 MILEPOST 7 TAILINGS BASIN BARR sgoang:é Noo 86
LICENSED PROFESSIONAL ENGINEER UNDER THE |CONSTRUCTION X _;
LAWS OF THE STATE OF MINNESOTA. B ARR EI:BZBBINETHNA%EE';&E EAST [Drawn CMS2 NORTHSHORE MINING COM PANY SILVER BAY: MINNESOTA CLIENT PROJECT No.
< ' Checked GSJ
l22222222227222222222)
Al B clo 1 2 '3 |Corporate Headquarters: Ph: 1-800-225-1966 Designed SILVER BAY’ MINNESOTA DAM 5 RAISE — ELEVATION 1245 ]
PRINTED NAME SARA L. LEOW | RELEASED g ST Fox: (218) 262-3460 g SLL EXISTING CONDITIONS PLAN/PROFILE DWG. No. REV. No.
NO.| BY [CHKJAPP.| DATE REVISION DESCRIPTION DATE __6/12/18 __ REG. NO. 47103 TO0/FOR DATE RELEASED Ph: 1-800-632—2277 www.barr.com ‘Approved SLL / CC-002 A



AutoCAD SHX Text
D5-VW-1390R30

AutoCAD SHX Text
D5-VW-2290/235

AutoCAD SHX Text
I04-2

AutoCAD SHX Text
I04-1

AutoCAD SHX Text
D5-VW-2400-R200

AutoCAD SHX Text
D5-VW-1400-R200

AutoCAD SHX Text
I13-2

AutoCAD SHX Text
VW-1400L90

AutoCAD SHX Text
VW-1400R400

AutoCAD SHX Text
D5-3CD-4

AutoCAD SHX Text
ORIGINAL GROUND

AutoCAD SHX Text
2003 DAM LEVEL

AutoCAD SHX Text
2003 DAM LEVEL

AutoCAD SHX Text
SOME GRAVEL

AutoCAD SHX Text
DH 5028

AutoCAD SHX Text
BEDROCK

AutoCAD SHX Text
SAND - SOME CLAY

AutoCAD SHX Text
SILTY CLAY - TRACE OF SAND

AutoCAD SHX Text
SOME BOULDERS

AutoCAD SHX Text
DH 5014

AutoCAD SHX Text
SILTY SAND - SOME FINE GRAVEL

AutoCAD SHX Text
SILTY SAND - SOME FINE GRAVEL

AutoCAD SHX Text
DH 5004

AutoCAD SHX Text
SAND - SOME CLAY

AutoCAD SHX Text
CLAY - SOME SILT

AutoCAD SHX Text
BEDROCK

AutoCAD SHX Text
DH 5002

AutoCAD SHX Text
GRAVELLY SAND

AutoCAD SHX Text
BEDROCK

AutoCAD SHX Text
2008 DAM LEVEL

AutoCAD SHX Text
SILTY SAND- TRACE FINE GRAVEL

AutoCAD SHX Text
D5-1400-R200

AutoCAD SHX Text
PLANT AGGREGATE

AutoCAD SHX Text
LEAN CLAY (CL)

AutoCAD SHX Text
SILTY SAND (SM) 

AutoCAD SHX Text
(WEATHERED ROCK)

AutoCAD SHX Text
SELECT COARSE AGGREGATE

AutoCAD SHX Text
D5-2400-R200

AutoCAD SHX Text
WEATHERED ROCK

AutoCAD SHX Text
CLAY WITH GRAVEL (CL)

AutoCAD SHX Text
LEAN CLAY (CLAY)

AutoCAD SHX Text
SELECT COARSE AGGREGATE

AutoCAD SHX Text
2012 DAM LEVEL

AutoCAD SHX Text
CADD USER: Chris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-002_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 3:54 PMChris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-002_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 3:54 PM FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-002_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 3:54 PMM:\DESIGN\23380086.00\23380086 DAM 5_CC-002_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 3:54 PM PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 3:54 PM1:2 PLOT DATE: 6/12/2018 3:54 PM PLOT DATE: 6/12/2018 3:54 PM6/12/2018 3:54 PM

AutoCAD SHX Text
BAR  M:\AutoCAD 2011\AutoCAD 2011 Support\enu\Template\Barr_2011_Template.dwt  Plot at 1  10/05/2010  14:03:50

AutoCAD SHX Text
.

AutoCAD SHX Text
.

AutoCAD SHX Text
SCALE IN FEET

AutoCAD SHX Text
40

AutoCAD SHX Text
20

AutoCAD SHX Text
0

AutoCAD SHX Text
1

AutoCAD SHX Text
--

AutoCAD SHX Text
PLAN: DAM 5

AutoCAD SHX Text
SCALE IN FEET

AutoCAD SHX Text
400

AutoCAD SHX Text
200

AutoCAD SHX Text
0

AutoCAD SHX Text
N

AutoCAD SHX Text
2

AutoCAD SHX Text
--

AutoCAD SHX Text
PROFILE: DAM 5

AutoCAD SHX Text
SCALE IN FEET

AutoCAD SHX Text
400

AutoCAD SHX Text
200

AutoCAD SHX Text
0

AutoCAD SHX Text
HORIZONTAL SCALE:

AutoCAD SHX Text
VERTICAL SCALE:

AutoCAD SHX Text
RECLAIM POND W.L. 1206.3 SURVEYED 6/8/2018

AutoCAD SHX Text
SEEPAGE COLLECTION POND WL. 1185.3±(VARIES) (6/8/2018)

AutoCAD SHX Text
SOUTH POND W.L. 1221.0 SURVEYED 6/8/2018

AutoCAD SHX Text
ORIGINAL GROUND

AutoCAD SHX Text
BEAR LAKE 

AutoCAD SHX Text
REVISION DESCRIPTION

AutoCAD SHX Text
DATE

AutoCAD SHX Text
APP.

AutoCAD SHX Text
BY

AutoCAD SHX Text
NO.

AutoCAD SHX Text
CHK.

AutoCAD SHX Text
TO/FOR

AutoCAD SHX Text
RELEASED

AutoCAD SHX Text
DATE RELEASED

AutoCAD SHX Text
Approved

AutoCAD SHX Text
Designed

AutoCAD SHX Text
Drawn

AutoCAD SHX Text
Checked

AutoCAD SHX Text
Date

AutoCAD SHX Text
Scale

AutoCAD SHX Text
DWG. No.

AutoCAD SHX Text
BARR PROJECT No.

AutoCAD SHX Text
CLIENT PROJECT No.

AutoCAD SHX Text
REV. No.

AutoCAD SHX Text
Ph: 1-800-225-1966

AutoCAD SHX Text
HIBBING, MN 55746

AutoCAD SHX Text
3128 14TH AVENUE EAST

AutoCAD SHX Text
BARR ENGINEERING CO.

AutoCAD SHX Text
Fax: (218) 262-3460

AutoCAD SHX Text
Minneapolis, Minnesota

AutoCAD SHX Text
Ph: 1-800-632-2277

AutoCAD SHX Text
Corporate Headquarters:

AutoCAD SHX Text
www.barr.com

AutoCAD SHX Text
Project Office:

AutoCAD SHX Text
DATE

AutoCAD SHX Text
REG. NO.

AutoCAD SHX Text
SIGNATURE

AutoCAD SHX Text
PRINTED NAME

AutoCAD SHX Text
I HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, OR REPORT WAS PREPARED BY ME OR UNDER MY DIRECT SUPERVISION AND THAT I AM A DULY LICENSED PROFESSIONAL ENGINEER UNDER THE LAWS OF THE STATE OF MINNESOTA.

AutoCAD SHX Text
AS SHOWN

AutoCAD SHX Text
6/8/2018

AutoCAD SHX Text
CMS2

AutoCAD SHX Text
GSJ

AutoCAD SHX Text
SLL

AutoCAD SHX Text
SLL

AutoCAD SHX Text
NORTHSHORE MINING COMPANY

AutoCAD SHX Text
SILVER BAY, MINNESOTA

AutoCAD SHX Text
MILEPOST 7 TAILINGS BASIN

AutoCAD SHX Text
SILVER BAY, MINNESOTA

AutoCAD SHX Text
DAM 5 RAISE - ELEVATION 1245

AutoCAD SHX Text
EXISTING CONDITIONS PLAN/PROFILE

AutoCAD SHX Text
23/38-086

AutoCAD SHX Text
CC-002

AutoCAD SHX Text
A

AutoCAD SHX Text
SARA L. LEOW

AutoCAD SHX Text
6/12/18

AutoCAD SHX Text
47103

AutoCAD SHX Text
FOR CONSTRUCTION

AutoCAD SHX Text
EXISTING DAM ELEV. 1235±

AutoCAD SHX Text
CLIENT

AutoCAD SHX Text
BID

AutoCAD SHX Text
CONSTRUCTION

AutoCAD SHX Text
A

AutoCAD SHX Text
B

AutoCAD SHX Text
C

AutoCAD SHX Text
0

AutoCAD SHX Text
1

AutoCAD SHX Text
2

AutoCAD SHX Text
3

AutoCAD SHX Text
GENERAL NOTES: 1. ALL INSTRUMENTATION SHALL BE PROTECTED. ALL INSTRUMENTATION SHALL BE PROTECTED. 2. PROPOSED DESIGN BASELINE DETERMINED FROM FIELD INVESTIGATION PROPOSED DESIGN BASELINE DETERMINED FROM FIELD INVESTIGATION AND SHALL BE MODIFIED IN FIELD BASED ON ACTUAL CONDITIONS. 3. CONSTRUCTION OF THE DAM HAS BEEN ONGOING BY NSM.  CONSTRUCTION OF THE DAM HAS BEEN ONGOING BY NSM.  CONDITIONS HAVE CHANGED FROM THE TIME OF SURVEY.

AutoCAD SHX Text
LAYOUT NOTES: 1. LAYOUT BEYOND DAM 5 FOOTPRINT BASED ON CONTOURS DEVELOPED LAYOUT BEYOND DAM 5 FOOTPRINT BASED ON CONTOURS DEVELOPED FROM AERIAL SURVEY BY QUANTUM SPATIAL OF LEXINGTON, KENTUCKY.  DATE OF PHOTOGRAPHY MAY 4, 2017.  MAPPING BASED ON THE FOLLOWING DATUM: - VERTICAL DATUM: TWO FOOT CONTOUR    INTERVAL BASED ON NORTH AMERICAN    VERTICAL DATUM OF 1988. - HORIZONTAL DATUM: MINNESOTA STATE PLANE    COORDINATE SYSTEM, NORTH ZONE,    NAD 83/96. 2. DEPICTED EXISTING CONDITIONS SURFACE OF DAM 5 ARE ESTIMATED DEPICTED EXISTING CONDITIONS SURFACE OF DAM 5 ARE ESTIMATED BASED ON REGRADING RECOMMENDATIONS SENT BY BARR TO NSM 3/9/2018. NSM INDICATED THE RECOMMENDED REGRADED SURFACE WAS SUBSEQUENTLY CONSTRUCTED.

AutoCAD SHX Text
DAM 5  

AutoCAD SHX Text
LEGEND: EXISTING 10' MAJOR CONTOUR EXISTING 2' MINOR CONTOUR DAM CENTERLINE EXISTING RR INCLINOMETER HISTORIC BORING LOCATION VIBRATING WIRE PIEZOMETER WITH DATA LOGGER

AutoCAD SHX Text
06/12/18

AutoCAD SHX Text
A

AutoCAD SHX Text
CMS2

AutoCAD SHX Text
ATG

AutoCAD SHX Text
SLL

AutoCAD SHX Text
ISSUED FOR CONSTRUCTION

AutoCAD SHX Text
6/12/18

AutoCAD SHX Text
6/12/18


CADD USER: Chris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC—003_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 10:13 PM

BAR M:\AutoCAD 2011\AutoCAD 2011 Support\enu\Template\Barr_2011_Template.dwt

10/05/2010 14:03:50

Plot at 1

®©D5-3cp—4g

D5-ViW=2sg,

Bagw= +QQ-R200

& GLACIAL
g, TIL

LAYOUT NOTES:
1. LAYOUT BEYOND DAM 5 FOOTPRINT BASED ON CONTOURS DEVELOPED FROM

AERIAL SURVEY BY QUANTUM SPATIAL OF LEXINGTON, KENTUCKY. DATE OF
PHOTOGRAPHY MAY 4, 2017. MAPPING BASED ON THE FOLLOWING DATUM:

— VERTICAL DATUM: TWO FOOT CONTOUR
INTERVAL BASED ON NORTH AMERICAN
VERTICAL DATUM OF 1988.

— HORIZONTAL DATUM: MINNESOTA STATE PLANE
COORDINATE SYSTEM, NORTH ZONE,
NAD 83/96.

2. EXISTING CONDITIONS OF DAM 5 BASED ON CAD REGRADING SURFACE SENT
BY BARR TO NSM 3/9/2018. WHICH WE UNDERSTAND HAVE BEEN

SUBSEQUENTLY CONSTRUCTED. [ D/S FILTER

[ 186,000

GENERAL NOTES:
1. ALL INSTRUMENTATION SHALL BE PROTECTED.

2. PROPOSED DESIGN BASELINE DETERMINED FROM FIELD INVESTIGATION
AND SHALL BE MODIFIED IN FIELD BASED ON ACTUAL CONDITIONS.

3. CONSTRUCTION OF THE DAM HAS BEEN ONGOING BY NSM.
CONDITIONS HAVE CHANGED FROM THE TIME OF SURVEY.

CMS2| ATG | SLL |06/12/18] ISSUED FOR _CONSTRUCTION

[~

LICENSED PROFESSIONAL ENGINEER UNDER THE
LAWS OF THE STATE OF MINNESOTA.

| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION,
OR REPORT WAS PREPARED BY ME OR UNDER MY fai>
DIRECT SUPERVISION AND THAT | AM A DULY

STATIONING COORDINATES: DAM 5 AS—BUILT ALIGNMENT

PRINTED NAME SARA L. LEOW
NO.| BY [CHK|APP| DATE

REVISION DESCRIPTION DATE __6/12/18 __ ReG. NO. 47103

LEGEND: STATION ORTHING EASTING
0+00 19352.39 | 3059138.00
PLAN: DAM § EXISTING 25’ MAJOR CONTOUR PC14+52.81 ] 620768.09 | 3058811.75
0 100 200 , PCC17+33.63 621045.94 | 3058811.14
Liviitoiinl | EXISTING 5" MINOR CONTOUR PCC21+26.54] 621415.38 | 3058941.86
SCALE IN FEET PT22+80.63 | 621549.03 | 3059017.81
—— — —— DAM CENTERLINE PC28+49.84 | 622001.20 | 3059363.74
PT30+22.54 | 622055.70 | 3059515.38
CLAY CORE 32+88.38 | 621984.99 | 3059771.65
APPROXIMATE FILL QUANTITIES (CY IN—PLACE)
+HHHHHH EXISTING RR
[ GLACIAL TILL [ SELECT COARSE AGGREGATE | PLANT AGGREGATE |
| 22,000 102,000 201,000 | > INCLINOMETER
@® HISTORIC BORING LOCATION
NOTE: QUANTITY OF FILL SHOWN REFLECTS AMOUNT OF
FILL REQUIRED TO CONSTRUCT DAM TO DESIGN CREST ‘ VIBRATING WIRE PIEZOMETER WITH DATA LOGGER
ELEVATION AND ASSOCIATED SLOPES ABOVE ESTIMATED
EXISTING CONDITION.
CLIENT 12/1 Project Office: [Scale AS SHOWN BARR PROJECT No.
%msmmw _ WJBQACRR IEC:IGINEERING CO,  |Date 6/8/2018 MILEPOST 7 TAILINGS BASIN 23/38-086
B ARR ﬁ.‘azaaméﬁﬂu‘“é%'ﬁ'é EAST [Drawn CMS2 NORTHSHORE MINING COMPANY SILVER BAY, MINNESOTA CLIENT PROJECT No.
' Checked GSJ
I |, | o s SILVER BAY, MINNESOTA -
Reeasep LAl Blclo]1 Corporate Heodquarters:  £o 80022300 Designed SLL ! DAM 5 RAISE ELEVATION 1245 DWG. No. REV. No.
TO0/FOR DATE RELEASED Ph: 1-800-632-2277 www.barr.com ‘Approved SLL CONSTRUCTION PLAN CC-003 A



AutoCAD SHX Text
D5-VW-1390R30

AutoCAD SHX Text
D5-VW-2290/235

AutoCAD SHX Text
I04-2

AutoCAD SHX Text
I04-1

AutoCAD SHX Text
D5-VW-2400-R200

AutoCAD SHX Text
D5-VW-1400-R200

AutoCAD SHX Text
VW-1400L90

AutoCAD SHX Text
VW-1400R400

AutoCAD SHX Text
D5-3CD-4

AutoCAD SHX Text
I13-2

AutoCAD SHX Text
CADD USER: Chris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-003_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 10:13 PMChris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-003_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 10:13 PM FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-003_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 10:13 PMM:\DESIGN\23380086.00\23380086 DAM 5_CC-003_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 10:13 PM PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 10:13 PM1:2 PLOT DATE: 6/12/2018 10:13 PM PLOT DATE: 6/12/2018 10:13 PM6/12/2018 10:13 PM

AutoCAD SHX Text
BAR  M:\AutoCAD 2011\AutoCAD 2011 Support\enu\Template\Barr_2011_Template.dwt  Plot at 1  10/05/2010  14:03:50

AutoCAD SHX Text
.

AutoCAD SHX Text
.

AutoCAD SHX Text
CLIENT

AutoCAD SHX Text
BID

AutoCAD SHX Text
CONSTRUCTION

AutoCAD SHX Text
A

AutoCAD SHX Text
B

AutoCAD SHX Text
C

AutoCAD SHX Text
0

AutoCAD SHX Text
1

AutoCAD SHX Text
2

AutoCAD SHX Text
3

AutoCAD SHX Text
1

AutoCAD SHX Text
--

AutoCAD SHX Text
PLAN: DAM 5

AutoCAD SHX Text
SCALE IN FEET

AutoCAD SHX Text
200

AutoCAD SHX Text
100

AutoCAD SHX Text
0

AutoCAD SHX Text
N

AutoCAD SHX Text
3059771.65

AutoCAD SHX Text
621984.99

AutoCAD SHX Text
3059515.38

AutoCAD SHX Text
622055.70

AutoCAD SHX Text
3059363.74

AutoCAD SHX Text
622001.20

AutoCAD SHX Text
621549.03

AutoCAD SHX Text
3059017.81

AutoCAD SHX Text
3058941.86

AutoCAD SHX Text
621415.38

AutoCAD SHX Text
3058811.14

AutoCAD SHX Text
621045.94

AutoCAD SHX Text
3058811.75

AutoCAD SHX Text
620768.09

AutoCAD SHX Text
3059138.00

AutoCAD SHX Text
619352.39

AutoCAD SHX Text
32+88.38

AutoCAD SHX Text
PT30+22.54

AutoCAD SHX Text
0+00

AutoCAD SHX Text
STATIONING COORDINATES: DAM 5 AS-BUILT ALIGNMENT

AutoCAD SHX Text
STATION

AutoCAD SHX Text
NORTHING

AutoCAD SHX Text
EASTING

AutoCAD SHX Text
PC14+52.81

AutoCAD SHX Text
PCC17+33.63

AutoCAD SHX Text
PCC21+26.54

AutoCAD SHX Text
PC28+49.84

AutoCAD SHX Text
PT22+80.63

AutoCAD SHX Text
1

AutoCAD SHX Text
-

AutoCAD SHX Text
2,3

AutoCAD SHX Text
-

AutoCAD SHX Text
4

AutoCAD SHX Text
-

AutoCAD SHX Text
APPROXIMATE FILL QUANTITIES (CY IN-PLACE)

AutoCAD SHX Text
D/S FILTER

AutoCAD SHX Text
GLACIAL TILL

AutoCAD SHX Text
SELECT COARSE AGGREGATE 

AutoCAD SHX Text
22,000

AutoCAD SHX Text
102,000

AutoCAD SHX Text
16,000

AutoCAD SHX Text
 PLANT AGGREGATE 

AutoCAD SHX Text
201,000

AutoCAD SHX Text
NOTE:  QUANTITY OF FILL SHOWN REFLECTS AMOUNT OF FILL REQUIRED TO CONSTRUCT DAM TO DESIGN CREST ELEVATION AND ASSOCIATED SLOPES ABOVE ESTIMATED EXISTING CONDITION.

AutoCAD SHX Text
REVISION DESCRIPTION

AutoCAD SHX Text
DATE

AutoCAD SHX Text
APP.

AutoCAD SHX Text
BY

AutoCAD SHX Text
NO.

AutoCAD SHX Text
CHK.

AutoCAD SHX Text
TO/FOR

AutoCAD SHX Text
RELEASED

AutoCAD SHX Text
DATE RELEASED

AutoCAD SHX Text
Approved

AutoCAD SHX Text
Designed

AutoCAD SHX Text
Drawn

AutoCAD SHX Text
Checked

AutoCAD SHX Text
Date

AutoCAD SHX Text
Scale

AutoCAD SHX Text
DWG. No.

AutoCAD SHX Text
BARR PROJECT No.

AutoCAD SHX Text
CLIENT PROJECT No.

AutoCAD SHX Text
REV. No.

AutoCAD SHX Text
Ph: 1-800-225-1966

AutoCAD SHX Text
HIBBING, MN 55746

AutoCAD SHX Text
3128 14TH AVENUE EAST

AutoCAD SHX Text
BARR ENGINEERING CO.

AutoCAD SHX Text
Fax: (218) 262-3460

AutoCAD SHX Text
Minneapolis, Minnesota

AutoCAD SHX Text
Ph: 1-800-632-2277

AutoCAD SHX Text
Corporate Headquarters:

AutoCAD SHX Text
www.barr.com

AutoCAD SHX Text
Project Office:

AutoCAD SHX Text
DATE

AutoCAD SHX Text
REG. NO.

AutoCAD SHX Text
SIGNATURE

AutoCAD SHX Text
PRINTED NAME

AutoCAD SHX Text
I HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, OR REPORT WAS PREPARED BY ME OR UNDER MY DIRECT SUPERVISION AND THAT I AM A DULY LICENSED PROFESSIONAL ENGINEER UNDER THE LAWS OF THE STATE OF MINNESOTA.

AutoCAD SHX Text
AS SHOWN

AutoCAD SHX Text
6/8/2018

AutoCAD SHX Text
CMS2

AutoCAD SHX Text
GSJ

AutoCAD SHX Text
SLL

AutoCAD SHX Text
SLL

AutoCAD SHX Text
NORTHSHORE MINING COMPANY

AutoCAD SHX Text
SILVER BAY, MINNESOTA

AutoCAD SHX Text
MILEPOST 7 TAILINGS BASIN

AutoCAD SHX Text
SILVER BAY, MINNESOTA

AutoCAD SHX Text
DAM 5 RAISE - ELEVATION 1245

AutoCAD SHX Text
CONSTRUCTION PLAN

AutoCAD SHX Text
23/38-086

AutoCAD SHX Text
CC-003

AutoCAD SHX Text
A

AutoCAD SHX Text
SARA L. LEOW

AutoCAD SHX Text
6/12/18

AutoCAD SHX Text
47103

AutoCAD SHX Text
FOR CONSTRUCTION

AutoCAD SHX Text
DAM 5  

AutoCAD SHX Text
LEGEND: EXISTING 25' MAJOR CONTOUR EXISTING 5' MINOR CONTOUR DAM CENTERLINE CLAY CORE EXISTING RR INCLINOMETER HISTORIC BORING LOCATION  VIBRATING WIRE PIEZOMETER WITH DATA LOGGER

AutoCAD SHX Text
GENERAL NOTES: 1. ALL INSTRUMENTATION SHALL BE PROTECTED. ALL INSTRUMENTATION SHALL BE PROTECTED. 2. PROPOSED DESIGN BASELINE DETERMINED FROM FIELD INVESTIGATION PROPOSED DESIGN BASELINE DETERMINED FROM FIELD INVESTIGATION AND SHALL BE MODIFIED IN FIELD BASED ON ACTUAL CONDITIONS. 3. CONSTRUCTION OF THE DAM HAS BEEN ONGOING BY NSM.  CONSTRUCTION OF THE DAM HAS BEEN ONGOING BY NSM.  CONDITIONS HAVE CHANGED FROM THE TIME OF SURVEY.

AutoCAD SHX Text
LAYOUT NOTES: 1. LAYOUT BEYOND DAM 5 FOOTPRINT BASED ON CONTOURS DEVELOPED FROM LAYOUT BEYOND DAM 5 FOOTPRINT BASED ON CONTOURS DEVELOPED FROM AERIAL SURVEY BY QUANTUM SPATIAL OF LEXINGTON, KENTUCKY.  DATE OF PHOTOGRAPHY MAY 4, 2017.  MAPPING BASED ON THE FOLLOWING DATUM: - VERTICAL DATUM: TWO FOOT CONTOUR    INTERVAL BASED ON NORTH AMERICAN    VERTICAL DATUM OF 1988. - HORIZONTAL DATUM: MINNESOTA STATE PLANE    COORDINATE SYSTEM, NORTH ZONE,    NAD 83/96. 2. EXISTING CONDITIONS OF DAM 5 BASED ON CAD REGRADING SURFACE SENT EXISTING CONDITIONS OF DAM 5 BASED ON CAD REGRADING SURFACE SENT BY BARR TO NSM 3/9/2018. WHICH WE UNDERSTAND HAVE BEEN SUBSEQUENTLY CONSTRUCTED.

AutoCAD SHX Text
06/12/18

AutoCAD SHX Text
A

AutoCAD SHX Text
CMS2

AutoCAD SHX Text
ATG

AutoCAD SHX Text
SLL

AutoCAD SHX Text
ISSUED FOR CONSTRUCTION

AutoCAD SHX Text
6/12/18

AutoCAD SHX Text
6/12/18


CADD USER: Chris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC—004_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 4:03 PM

BAR  M:\AutoCAD 2011\AutoCAD 2011 Support\enu\Template\Barr_2011_Template.dwt

10/05/2010  14:03:50

Plot at 1

1260 ; 1260
|
!
[}
]
1250 II 1250
PROPOSED DAM RAISE ELEV. 1245 |
1
\v\ |
1240 ‘\ {’ 1240
L _ _ | EXISTING DAM ELEV. 1235+ . L o I '-//
\ e R e e B e Rt b B e T T e [ R S I R B L N I N %
/
1230 N / 1230
\\ A /
7\ -~
\ _ 2012 DAM ELEV. PN N s~ S~—l_ LTS Fm—~___ "7 T~
2 DAM ey AT e - Tt re——_ TN -
|
1220 \ /J\ 1220
Nt ~ . 2008 DAM LEVEL et —— - — - — 7 | — — 1~ JESNN S S S N AR I SR (
\ Lo /
1210 \ I \ / 1210
\ / \ /
\ - | \ /
NN S~ TN | \ /
V- N ST I D it 4
1200 A Saya | J s 1200
N~ 2003 DAM LEVEL -7 7 | | 4
R Y N N e e e v | e
\ s | Y
\ ,/ | _|_ _ _2003 DAM LEVEL | _ _ _ _ -] /
1190 AN / \ - a 1190
\ / — L y
\ / | 7 ,
\\ / \ / /
~ // \ ~< /
\\ y: \\ , \ /
1180 — - N = 1180
ORIGN T == — == e A Vs
CINAL U~ — = - - \ /&
UND ~~_—-—— Te— -~ N i \\ /s
St ———— N
N -7 \ /S
N _-" N /, (}\0
1170 S — - N /S 1170
\ /
\ /
\ /
\ /
\ //
1160 AW / 1160
\\ /
\ //
Se_~7
1150 1150
EXISTING GROUND ELEVATION PROPOSED ELEVATION
AT DAM 5 G, (TYP.)\ / AT DAM 5 €, (TYP.)
—
o %8 28 98 58 n8 n8 28 98 a8 @8 b ©8 28 @8 59 a8 38 @8 ©8 28 28 @8 28 28 38 59 28 28 3 =
n n n n n n n n n n n n n n n n n n n n n n n n n n n n
S B 2% 8% 93 8% 8% 8% 8% 2% 9% S8 2% 8% 83 83 8% B 8% 2% 2% 2% 2% 8% 83 93 93 83 2% S &
2+00 4+00 6+00 8+00 10400 12400 14400 16+00 18400 20+00 22+00 24+00 26+00 28+00 30400 32400
(T PROFILE: DAM 5
100 200
LAYOUT NOTES: HORIZONTAL:  Litiitoiiil i
SCALE IN FEET
1. LAYOUT BASED ON CONTOURS DEVELOPED FROM AERIAL SURVEY BY QUANTUM o 10 2
SPATIAL OF LEXINGTON, KENTUCKY. DATE OF PHOTOGRAPHY MAY 4, 2017. VERTICAL: | ) | J
MAPPING BASED ON THE FOLLOWING DATUM: e N FEET
— VERTICAL DATUM: TWO FOOT CONTOUR LEGEND
INTERVAL BASED ON NORTH AMERICAN
ORIGINAL GROUND — ADAPTED FROM
VERTICAL DATUM OF 1988. DIGITIZED 1976 DRAWING TEST HOLE
LOCATION PLAN BY KLOHN LEONOFF
— HORIZONTAL DATUM: MINNESOTA STATE PLANE
COORDINATE SYSTEM, NORTH ZONE, CONSULTANTS LTD.
NAD 83/96. e EXISTING GROUND 2017 CONTOURS
A ATIAL,
2. ESTIMATED EXISTING CREST ELEVATION IS 1,235 FT, SIMILAR TO CREST [f?g'UTQL,QONTTE%M SPATIAL, SEE
ELEVATION FROM 2017 AERIAL SURVEY.
PROPOSED DAM RAISE FOR CONSTRUCTION
(A T HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, - ) [Scal )
A_[CNSZATG [ SLL]06/12/18] ISSUED_FOR_CONSIRUCTION T HEREY CERTE THAT THS P, <P UNW—FW g:.;aﬂ 2]l _ Project Office: cale AS SHOWN MILEPOST 7 TAILINGS BASIN BARR PROJECT No
e R T i BARR ENGINEERING co. [ | 6/8/2015 23/38—086
s OF T STATE OF IBARR 2\ THNNE BT oo ™ ousa NORTHSHORE MINING COMPANY SILVER BAY, MINNESOTA CUENT PROVECT No.
< ’ Checked GSJ
R ., SILVER BAY, MINNESOTA RAI — ELEV.
. Ph: 1-800-225—-1966 - 1
PRINTED NAME SARA L. LEOW RELEASED A B|C 0 1 Corporate Headquarters: ., I:(218) 262—-3460 Designed SLL ’ DAM 5 DSAEM PRE OF| LAEnON 1245 DWG. No. REV. No.
NO.| BY [CHKJAPPJ DATE REVISION DESCRIPTION DATE __6/12/18 __ REG. NO. 47103 T0/FOR DATE RELEASED Ph: 1-800-632—2277 www.barr.com Approved SLL CC-004 A



AutoCAD SHX Text
ORIGINAL GROUND

AutoCAD SHX Text
CADD USER: Chris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-004_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 4:03 PMChris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-004_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 4:03 PM FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-004_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 4:03 PMM:\DESIGN\23380086.00\23380086 DAM 5_CC-004_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 4:03 PM PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 4:03 PM1:2 PLOT DATE: 6/12/2018 4:03 PM PLOT DATE: 6/12/2018 4:03 PM6/12/2018 4:03 PM

AutoCAD SHX Text
BAR  M:\AutoCAD 2011\AutoCAD 2011 Support\enu\Template\Barr_2011_Template.dwt  Plot at 1  10/05/2010  14:03:50

AutoCAD SHX Text
.

AutoCAD SHX Text
.

AutoCAD SHX Text
CLIENT

AutoCAD SHX Text
BID

AutoCAD SHX Text
CONSTRUCTION

AutoCAD SHX Text
A

AutoCAD SHX Text
B

AutoCAD SHX Text
C

AutoCAD SHX Text
0

AutoCAD SHX Text
1

AutoCAD SHX Text
2

AutoCAD SHX Text
3

AutoCAD SHX Text
ORIGINAL GROUND

AutoCAD SHX Text
2003 DAM LEVEL

AutoCAD SHX Text
2003 DAM LEVEL

AutoCAD SHX Text
2008 DAM LEVEL

AutoCAD SHX Text
2012 DAM ELEV.

AutoCAD SHX Text
EXISTING DAM ELEV. 1235±

AutoCAD SHX Text
HORIZONTAL:

AutoCAD SHX Text
PROFILE: DAM 5

AutoCAD SHX Text
1

AutoCAD SHX Text
LEGEND

AutoCAD SHX Text
ORIGINAL GROUND - ADAPTED FROM DIGITIZED 1976 DRAWING TEST HOLE LOCATION PLAN BY KLOHN LEONOFF CONSULTANTS LTD. EXISTING GROUND 2017 CONTOURS FROM QUANTUM SPATIAL, SEE LAYOUT NOTES PROPOSED DAM RAISE

AutoCAD SHX Text
VERTICAL:

AutoCAD SHX Text
CC-004

AutoCAD SHX Text
0

AutoCAD SHX Text
100

AutoCAD SHX Text
200

AutoCAD SHX Text
SCALE IN FEET

AutoCAD SHX Text
SCALE IN FEET

AutoCAD SHX Text
10

AutoCAD SHX Text
0

AutoCAD SHX Text
20

AutoCAD SHX Text
EXISTING GROUND ELEVATION  AT DAM 5  , (TYP.)

AutoCAD SHX Text
PROPOSED ELEVATION  AT DAM 5  , (TYP.)

AutoCAD SHX Text
REVISION DESCRIPTION

AutoCAD SHX Text
DATE

AutoCAD SHX Text
APP.

AutoCAD SHX Text
BY

AutoCAD SHX Text
NO.

AutoCAD SHX Text
CHK.

AutoCAD SHX Text
TO/FOR

AutoCAD SHX Text
RELEASED

AutoCAD SHX Text
DATE RELEASED

AutoCAD SHX Text
Approved

AutoCAD SHX Text
Designed

AutoCAD SHX Text
Drawn

AutoCAD SHX Text
Checked

AutoCAD SHX Text
Date

AutoCAD SHX Text
Scale

AutoCAD SHX Text
DWG. No.

AutoCAD SHX Text
BARR PROJECT No.

AutoCAD SHX Text
CLIENT PROJECT No.

AutoCAD SHX Text
REV. No.

AutoCAD SHX Text
Ph: 1-800-225-1966

AutoCAD SHX Text
HIBBING, MN 55746

AutoCAD SHX Text
3128 14TH AVENUE EAST

AutoCAD SHX Text
BARR ENGINEERING CO.

AutoCAD SHX Text
Fax: (218) 262-3460

AutoCAD SHX Text
Minneapolis, Minnesota

AutoCAD SHX Text
Ph: 1-800-632-2277

AutoCAD SHX Text
Corporate Headquarters:

AutoCAD SHX Text
www.barr.com

AutoCAD SHX Text
Project Office:

AutoCAD SHX Text
DATE

AutoCAD SHX Text
REG. NO.

AutoCAD SHX Text
SIGNATURE

AutoCAD SHX Text
PRINTED NAME

AutoCAD SHX Text
I HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, OR REPORT WAS PREPARED BY ME OR UNDER MY DIRECT SUPERVISION AND THAT I AM A DULY LICENSED PROFESSIONAL ENGINEER UNDER THE LAWS OF THE STATE OF MINNESOTA.

AutoCAD SHX Text
AS SHOWN

AutoCAD SHX Text
6/8/2018

AutoCAD SHX Text
CMS2

AutoCAD SHX Text
GSJ

AutoCAD SHX Text
SLL

AutoCAD SHX Text
SLL

AutoCAD SHX Text
NORTHSHORE MINING COMPANY

AutoCAD SHX Text
SILVER BAY, MINNESOTA

AutoCAD SHX Text
MILEPOST 7 TAILINGS BASIN

AutoCAD SHX Text
SILVER BAY, MINNESOTA

AutoCAD SHX Text
DAM 5 RAISE - ELEVATION 1245

AutoCAD SHX Text
DAM PROFILE

AutoCAD SHX Text
23/38-086

AutoCAD SHX Text
CC-004

AutoCAD SHX Text
A

AutoCAD SHX Text
SARA L. LEOW

AutoCAD SHX Text
6/12/18

AutoCAD SHX Text
47103

AutoCAD SHX Text
FOR CONSTRUCTION

AutoCAD SHX Text
PROPOSED DAM RAISE ELEV. 1245

AutoCAD SHX Text
LAYOUT NOTES: 1. LAYOUT BASED ON CONTOURS DEVELOPED FROM AERIAL SURVEY BY QUANTUM LAYOUT BASED ON CONTOURS DEVELOPED FROM AERIAL SURVEY BY QUANTUM SPATIAL OF LEXINGTON, KENTUCKY.  DATE OF PHOTOGRAPHY MAY 4, 2017.  MAPPING BASED ON THE FOLLOWING DATUM: - VERTICAL DATUM: TWO FOOT CONTOUR    INTERVAL BASED ON NORTH AMERICAN    VERTICAL DATUM OF 1988. - HORIZONTAL DATUM: MINNESOTA STATE PLANE    COORDINATE SYSTEM, NORTH ZONE,    NAD 83/96. 2. ESTIMATED EXISTING CREST ELEVATION IS 1,235 FT, SIMILAR TO CREST ESTIMATED EXISTING CREST ELEVATION IS 1,235 FT, SIMILAR TO CREST ELEVATION FROM 2017 AERIAL SURVEY.

AutoCAD SHX Text
06/12/18

AutoCAD SHX Text
A

AutoCAD SHX Text
CMS2

AutoCAD SHX Text
ATG

AutoCAD SHX Text
SLL

AutoCAD SHX Text
ISSUED FOR CONSTRUCTION

AutoCAD SHX Text
6/12/18

AutoCAD SHX Text
6/12/18


CADD USER: Chris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC—005_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 8:53 PM

BAR  M:\AutoCAD 2011\AutoCAD 2011 Support\enu\Template\Barr_2011_Template.dwt

10/05/2010 14:03:50

Plot at 1

144.00" MIN.

. DAM 5 ,
1280 97.00° MIN. _‘1:‘_ 47.00° MIN. 1280
1260 3 __15.00 20.00 15.00 20.00 ) 1260
0 0
| PLANT | AGGREGATE (R
PLANT AGGREGATE /\
AN > SELECT SELECT Qg e T e T e LT T
1240 o e COARSE | cutorf | (/5. | CoR By / bt T e R ESTIMATED_EXISTING SURFACE 1240
7_.5 — 3 AGGREGATE FILTER AGGREGATE. : ha S R T TE T e P (6H:1V DOWNSTREAM SLOPE
SELECT GLACIAL D/s SELECT %E%H":S FUTURE CREST EL
COARSE itk 4 COARSE ) )
AGGREGATE CUTOFF AGGREGATE SURFACE FROM
SELECT | GLACAL | pg SELECT 2017 LIDAR
1220 OARSE TEE FILTER COARSE 1220
| CUTOFF_| AGGREGATE
T 1 T N Y P I A PR A A P I R SELECT GLACIAL | D/S
~ CORRSE TILL FILTER BEREST
1200 RECLAIM POND WATER LEVEL AS AGGREGATE CUTOFF AGGREGATE PLANT AGGREGATE 1200
OF 6/8/2018 AT [EL. 1,206.3 PLANT AGGREGATE .
3
PLANT AGGREGATE o sC
R
308 SELECT COARSE AGGREGATE F\\jE
£ ?\\/«’ G\PQ\V\’ | HOR\? =
1180 Q‘ ORIZONTAL FILTER > 1180
ANSQNURNS
8 & 7S
NKRXA NG\
1160 1160
18G50 —280 —260 —240 -220 —200 -180 —-160 —140 -120 —-100 -80 -60 —40 -20 0 20 40 60 80 100 120 140 180 200 220 240 260 280 30b'%0
CONSTRUCTION NOTES: SECTION: STATION 8+00
CC—-003
1. SCARIFY, MOISTURE CONDITION, AND RE—COMPACT SURFACE OF 0 20 40
EXISTING SEEPAGE CUTOFF PRIOR TO PLACEMENT OF NEW LAYER.
SCALE IN FEET
2. COMPACT ALL FILL MATERIALS FOR RAISE TO A MINIMUM 95%
STANDARD PROCTOR (ASTM D698)
3. REFER TO ASSOCIATED CONSTRUCTION MEMO FOR MORE
MATERIALS INFORMATION. 144.00'MIN.
%
2 , DAM 5 ,
1280 Z 97.00° MIN. i 47.00° MIN. 1280
2 @
b4 Lo}
3 2 o
2 ¥ 15.00' | 20.00° | 15.00' , 20.00' Sgk
1260 8 R o : : — 3= 8 1260
“ 8 183
L e Iz PLANT |AGGREGATE
PLANT AGGREGATE N S
1240 9.8 AL SERESL | Zeutorr DS ggkﬁ%ﬁ 1240
T > AGGREGATE E
SELECT GLACAL | p /g SELEC]
—— w TILL P4 COARS
i GREGATE CUTOFF AGGREGATE
ELECT GLACIAL SELECT T
1220 — — — — —_ c FiC D/S COARS 1220
/ |__cutorfF | FILTER | AGGREGATE
SOUTH POND EL. 1,221.0 FT I
AS OF 6/8/2018 PLAT AooREeATE CSRRSE GUACIAL | D/S \
AGGREGATE CJ%FF FILTER | seLecT
1200 COARSE [AGIGRHGATE 1200
PLANT AGGREGATE
o€ §\0£
1180 ol 1180
FAT CLAY (CH) SELECT | COARSE AGGREGATE
SANDY CLAY| TILL (CL/GLACIAL TILL) — |
HORIZONTALY FILTER
1160 EOB — WEATHERED BEDROCK — 1160
FOUNDATION | TILL
13%60 140 -120 -100 -80 —60 -40 -20 0 20 40 60 80 100 1180
( 2\ SECTION: UPSTREAM STATION 14+00
CC—003
0 20 40 FOR CONSTRUCTION
SCALE IN FEET
| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, . rS ! .
A_[CWS2[ATG [ SLL]06/12/18] ISSUED_FOR_CONSTRUCTION. R e e R o o e ng:.;mr Eétz;li |_ ProjBeAc; :mE;G N D::: ,;j;gg\:lg MILEPOST 7 TAILINGS BARR 5R30JE30; Noo 86
Y . —
LICENSED PROFESSIONAL ENGINEER UNDER THE |CONSTRUCTION
LaWS OF THE STATE OF |B ARR a;ﬁngé‘fTuNA\ég';lig EAST [Drawn CMS2. NORTHSHORE MINING COMPANY SILVER BAY, MINNESOTA CLIENT PROJECT No.
= ’ Checked
SIONATURE S ., 100251966 - £ SILVER BAY, MINNESOTA DAM 5 RAISE — ELEVATION 1245
AlBlC|O]| 1] 2] 3 |Corporate Headquarters: : - Designed DWG. No. REV. No
PRINTED b SAGA L LEOW RELEASED Nineopol, Mimesoto 1% (75, 7523460 L SECTIONS — STATION 8+00 AND 14+00 : ‘
NO.| BY [CHKJAPP]| DATE REVISION DESCRIPTION DATE __6/12/18 __ ReG. NO. 47103 T0/FOR DATE RELEASED Ph: 1-800-632-2277 www.barr.com Approved SLL CC-005 A



AutoCAD SHX Text
PLANT AGGREGATE

AutoCAD SHX Text
GLACIAL

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
TILL

AutoCAD SHX Text
D/S

AutoCAD SHX Text
5' HORIZONTAL DRAIN, S.C.A

AutoCAD SHX Text
5' HORIZONTAL FILTER

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
PLANT AGGREGATE

AutoCAD SHX Text
SELECT COARSE AGGREGATE

AutoCAD SHX Text
HORIZONTAL FILTER

AutoCAD SHX Text
PLANT AGGREGATE

AutoCAD SHX Text
U/S FILTER

AutoCAD SHX Text
D/S FILTER

AutoCAD SHX Text
GLACIAL TILL CUTOFF

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
GLACIAL

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
TILL

AutoCAD SHX Text
D/S

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
GLACIAL

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
TILL

AutoCAD SHX Text
D/S

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
D/S

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
GLACIAL

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
TILL

AutoCAD SHX Text
D/S

AutoCAD SHX Text
 AGGREGATE

AutoCAD SHX Text
COARSE AGGREGATE

AutoCAD SHX Text
SELECT COARSE AGGREGATE

AutoCAD SHX Text
HORIZONTAL FILTER

AutoCAD SHX Text
PLANT AGGREGATE

AutoCAD SHX Text
U/S FILTER

AutoCAD SHX Text
D/S FILTER

AutoCAD SHX Text
GLACIAL TILL CUTOFF

AutoCAD SHX Text
D5-I1400R30

AutoCAD SHX Text
D5-VW-1390R30

AutoCAD SHX Text
D5-VW1400R30 (T,B)

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
GLACIAL

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
TILL

AutoCAD SHX Text
D/S

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
FOUNDATION TILL

AutoCAD SHX Text
GLACIAL

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
TILL

AutoCAD SHX Text
D/S

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
2.5H:1V

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
D/S

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
SANDY CLAY TILL (CL/GLACIAL TILL)

AutoCAD SHX Text
FAT CLAY (CH)

AutoCAD SHX Text
EOB - WEATHERED BEDROCK

AutoCAD SHX Text
D5-1400L90 VW NEST

AutoCAD SHX Text
PLANT AGGREGATE

AutoCAD SHX Text
CADD USER: Chris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-005_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 8:53 PMChris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-005_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 8:53 PM FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-005_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 8:53 PMM:\DESIGN\23380086.00\23380086 DAM 5_CC-005_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 8:53 PM PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 8:53 PM1:2 PLOT DATE: 6/12/2018 8:53 PM PLOT DATE: 6/12/2018 8:53 PM6/12/2018 8:53 PM

AutoCAD SHX Text
BAR  M:\AutoCAD 2011\AutoCAD 2011 Support\enu\Template\Barr_2011_Template.dwt  Plot at 1  10/05/2010  14:03:50

AutoCAD SHX Text
.

AutoCAD SHX Text
.

AutoCAD SHX Text
CLIENT

AutoCAD SHX Text
BID

AutoCAD SHX Text
CONSTRUCTION

AutoCAD SHX Text
A

AutoCAD SHX Text
B

AutoCAD SHX Text
C

AutoCAD SHX Text
0

AutoCAD SHX Text
1

AutoCAD SHX Text
2

AutoCAD SHX Text
3

AutoCAD SHX Text
SECTION: UPSTREAM STATION 14+00

AutoCAD SHX Text
2

AutoCAD SHX Text
CC-003

AutoCAD SHX Text
SECTION: STATION 8+00

AutoCAD SHX Text
1

AutoCAD SHX Text
CC-003

AutoCAD SHX Text
SCALE IN FEET

AutoCAD SHX Text
40

AutoCAD SHX Text
20

AutoCAD SHX Text
0

AutoCAD SHX Text
SCALE IN FEET

AutoCAD SHX Text
40

AutoCAD SHX Text
20

AutoCAD SHX Text
0

AutoCAD SHX Text
6H:1V

AutoCAD SHX Text
DAM 5  

AutoCAD SHX Text
DAM 5  

AutoCAD SHX Text
REVISION DESCRIPTION

AutoCAD SHX Text
DATE

AutoCAD SHX Text
APP.

AutoCAD SHX Text
BY

AutoCAD SHX Text
NO.

AutoCAD SHX Text
CHK.

AutoCAD SHX Text
TO/FOR

AutoCAD SHX Text
RELEASED

AutoCAD SHX Text
DATE RELEASED

AutoCAD SHX Text
Approved

AutoCAD SHX Text
Designed

AutoCAD SHX Text
Drawn

AutoCAD SHX Text
Checked

AutoCAD SHX Text
Date

AutoCAD SHX Text
Scale

AutoCAD SHX Text
DWG. No.

AutoCAD SHX Text
BARR PROJECT No.

AutoCAD SHX Text
CLIENT PROJECT No.

AutoCAD SHX Text
REV. No.

AutoCAD SHX Text
Ph: 1-800-225-1966

AutoCAD SHX Text
HIBBING, MN 55746

AutoCAD SHX Text
3128 14TH AVENUE EAST

AutoCAD SHX Text
BARR ENGINEERING CO.

AutoCAD SHX Text
Fax: (218) 262-3460

AutoCAD SHX Text
Minneapolis, Minnesota

AutoCAD SHX Text
Ph: 1-800-632-2277

AutoCAD SHX Text
Corporate Headquarters:

AutoCAD SHX Text
www.barr.com

AutoCAD SHX Text
Project Office:

AutoCAD SHX Text
DATE

AutoCAD SHX Text
REG. NO.

AutoCAD SHX Text
SIGNATURE

AutoCAD SHX Text
PRINTED NAME

AutoCAD SHX Text
I HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, OR REPORT WAS PREPARED BY ME OR UNDER MY DIRECT SUPERVISION AND THAT I AM A DULY LICENSED PROFESSIONAL ENGINEER UNDER THE LAWS OF THE STATE OF MINNESOTA.

AutoCAD SHX Text
AS SHOWN

AutoCAD SHX Text
6/8/2018

AutoCAD SHX Text
CMS2

AutoCAD SHX Text
GSJ

AutoCAD SHX Text
SLL

AutoCAD SHX Text
SLL

AutoCAD SHX Text
NORTHSHORE MINING COMPANY

AutoCAD SHX Text
SILVER BAY, MINNESOTA

AutoCAD SHX Text
MILEPOST 7 TAILINGS

AutoCAD SHX Text
SILVER BAY, MINNESOTA

AutoCAD SHX Text
DAM 5 RAISE - ELEVATION 1245

AutoCAD SHX Text
SECTIONS - STATION 8+00 AND 14+00

AutoCAD SHX Text
23/38-086

AutoCAD SHX Text
CC-005

AutoCAD SHX Text
A

AutoCAD SHX Text
SARA L. LEOW

AutoCAD SHX Text
6/12/18

AutoCAD SHX Text
47103

AutoCAD SHX Text
FOR CONSTRUCTION

AutoCAD SHX Text
2.5H:1V

AutoCAD SHX Text
RECLAIM POND WATER LEVEL AS OF 6/8/2018 AT EL. 1,206.3

AutoCAD SHX Text
1280

AutoCAD SHX Text
1260

AutoCAD SHX Text
1240

AutoCAD SHX Text
1200

AutoCAD SHX Text
1220

AutoCAD SHX Text
1180

AutoCAD SHX Text
1160

AutoCAD SHX Text
1150

AutoCAD SHX Text
SURFACE FROM 2017 LIDAR

AutoCAD SHX Text
SOUTH POND EL. 1,221.0 FT AS OF 6/8/2018

AutoCAD SHX Text
CONSTRUCTION NOTES: 1. SCARIFY, MOISTURE CONDITION, AND RE-COMPACT SURFACE OF SCARIFY, MOISTURE CONDITION, AND RE-COMPACT SURFACE OF EXISTING SEEPAGE CUTOFF PRIOR TO PLACEMENT OF NEW LAYER. 2. COMPACT ALL FILL MATERIALS FOR RAISE TO A MINIMUM 95% COMPACT ALL FILL MATERIALS FOR RAISE TO A MINIMUM 95% STANDARD PROCTOR (ASTM D698) 3. REFER TO ASSOCIATED CONSTRUCTION MEMO FOR MORE REFER TO ASSOCIATED CONSTRUCTION MEMO FOR MORE MATERIALS INFORMATION.

AutoCAD SHX Text
ESTIMATED EXISTING SURFACE (6H:1V DOWNSTREAM SLOPE MATCHING FUTURE CREST EL 1,260 FT)

AutoCAD SHX Text
06/12/18

AutoCAD SHX Text
A

AutoCAD SHX Text
CMS2

AutoCAD SHX Text
ATG

AutoCAD SHX Text
SLL

AutoCAD SHX Text
ISSUED FOR CONSTRUCTION

AutoCAD SHX Text
6/12/18

AutoCAD SHX Text
6/12/18

AutoCAD SHX Text
2H:1V

AutoCAD SHX Text
2H:1V

AutoCAD SHX Text
2H:1V

AutoCAD SHX Text
2H:1V


CADD USER: Chris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC—006_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 8:50 PM

BAR M:\AutoCAD 2011\AutoCAD 2011 Support\enu\Template\Barr_2011_Template.dwt

10/05/2010 14:03:50

Plot at 1

-
w
[nj
DAM 5 ) Z
1280 ‘t 47.007 MIN. z 1280
™ 1
o
- o
23 T
) ) ) S O . o
1260 __15.00 20.00 15.00 20003 B & 3 8 = 1260
187 < T = !
=1z PLANT |AGGREGATE 9 2 i
T £ >
— b b b 8 §'
1200 =~ SERESL | ‘auror (D43, | SHhRS ESTIMATEDEXISTING 2 b 1240
AGGREGATE SURFACE (6H:1V J J
selecT GLACIAL SELECT DOWNSTREAM SLOPE Q Q
SOARSE TiLL DL —coars MATCHING FUTURE I 3
GREGATE | CUTOFF AGGREGAJTE gg'f;"cu% A’;ROM CREST EL. 1,260 FT) > >
FLECT GLACIAL SELECT T~ a a
1220 COARSE T D/S COARS 1220
AGGREGME | CUTOFF | FILTER | AGGREGATE
SEREEE GIACIAL | 0/3
AGGREGATE | AITER | seeer ||
1200 > COARSE | AGBREGATE 1200
SURFACE FROM EQLUIMENT |ACCESS
= \Z 2014/ LIDAR _//\ TOE | SEEPAGE POND
< MIN. EL 1,181 FT
\:\?/g G\)XOQ '% Q\\j \ /
1180 P e i . COARSE AGGREGATE 1180
:,\}C SELECT | COARSE AGGREGATE \ PLANT| AGGREGATE
I L_PLANT AGGREGATE
HORIZONTAL FILTER SELECT COARSE A
1160 R —— i i 1160
FOUNDATION | TILL
LEAN LAY (CL) LACUSTRINE CLAY FAT CLAY (OH) FAT QLAY (CH)
1150 40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 1150
SECTION: DOWNSTREAM STATION 14400
ge905 20 40
SCALE IN FEET
144.00° MIN.
s Al s
97.00° MIN. DAM Si 47.00° MIN.
-
&
1260 ) _ 15.00 20.00 15.00 20.00 ) Z 1260
@ PLANT AGGREGATE ~ ® §I
PLANT AGGREGATE <+ \ 3 o)
S 3 O\ g
. (.~ SELECT SELE T T fo e e : I
:; N Y D/S [k g : o ‘ =]
1240 o e WSSk | OO ek A€€€§§E T — g ESTIAIED EYSTIG 1240
/(ESWATED EXISTING _SUERFACE SORRSE | CUCAL | p/s | SEREER SURFACE_FROM 9 DOWNSTREAM | SLOPE L
(e}
/ COREGATE | cutire | FILTER | AGGRE 2017 LIDAR MATCHING FUTURE
(2.5H:1V UPSTREAM SLOPE MATCHING PLANT AGGREGR CREST [EL. 1,260 FT) 1
FUTURE CREST EL. 1,260 FT) SELECT GLACIAL SELECT SURFACE FROM -] |
1220— — ¢ o o o e e = e ARSE Tk /S COARS 5014 LIDAR & 1220
SOUTH POND EL 1,221.0 FT AGG E| cutore | FILTER | AGGREGAE @
AS OF 6/8/18 L | AEPRERA |
PLANT AGGREGATE SELECT GLACIAL | D/S \
COARSE TILL FILTER u
AGGREGATE CUTOFF
PLANT
1200 AGGREGATE 1200
Co
QU SELECT
PLANT AGGREGATE < COARSE
1180 AGGREGATE 1180
| GRADED GRAVEL WITH SAND |(GP/FILL) NT AGGREGATE
4_ CGRECATE :E?ngAﬁgADsEﬁ GRAVELWITHSAND (GP/FILL)
POORLY GRADED GRAVEL [ cLAY WITH GRAVEL (cL) S
1160 GLACIAL TILL i LEAN (LAY (CIA1) P e e 1160
ORIZONTAL [FILTER — WEATHERED RQCK EOB - POSSIBLE BEDROCK
7 / / // EOB + POSSIBLE BEDROCK
S 7R RNl
// SN /A/\/\/\ R AN AT cLaY (cH)
/\\/K\// \//\//\ // SILTY LEAN |CLAY (CL—ML)
1140 ai SANDY LEAN CLAY (CL/GLACIAL TILL) 1140
EOB — BEDROCK
113050 -180 —~160 —140 120 —-100 -80 -60 —40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 1130
SECTION: STATION 24400
€C—003
0 20 40
T FOR CONSTRUCTION
| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, . rs l .
[~ [CNS2[ATG [ SLL]06/12/18] ISSUED FOR CONSTRUCTION T HEREBY CERTIY THAT THIS FLAN, SPECTICATON, |g:;sm T2/1 Project Office: cale AS SHOWN MILEPOST 7 TAILINGS BASIN BARR PROJECT No
| DRECT SUPERVSON AND THAT 1AM A DULY " PR BARR ENGINEERING CO.  [Date 6/8/2018 23/38—-086
LAWS OF THE STATE OF MINNESOTA. B ARR EI:BZBBINETHNA\;EE';LE EAST [Drawn CMS2 NORTHSHORE MINING COM PANY SILVER BAY: MINNESOTA CLIENT PROJECT No.
< ' Checked GSJ
Pz RAI
Corporate Headquarters: £ 1-800-225-1966 Designed SILVER BAY’ MINNESOTA DAM 5 SE — ELEVATION 1245
PRINTED NAME SARA L. LEOW RELEASED LA 1 B I C 1O 1] 2| 3 |iorporate Headquarters:  Fax: (218) 262-3460 esign SLL DWG. No. REV. No.
NO.| BY [CHK|APP| DATE REVISION DESCRIPTION DATE __6/12/18 __ REG. NO. 47103 TO/FOR DATE RELEASED Ph: 1-800-632-2277 ~ Wwwbarr.com ‘Approved SLL SECTIONS — STATION 14+00 AND 24+00 CC-006 A



AutoCAD SHX Text
SANDY LEAN CLAY (CL/GLACIAL TILL)

AutoCAD SHX Text
POORLY GRADED GRAVEL (GP/FILL)

AutoCAD SHX Text
FAT CLAY (CH)

AutoCAD SHX Text
SILTY LEAN CLAY (CL-ML)

AutoCAD SHX Text
POORLY GRADED GRAVEL WITH SAND (GP/FILL)

AutoCAD SHX Text
EOB - BEDROCK

AutoCAD SHX Text
EOB - POSSIBLE BEDROCK

AutoCAD SHX Text
POORLY GRADED GRAVEL WITH SAND (GP/FILL)

AutoCAD SHX Text
SILTY SAND (SM)

AutoCAD SHX Text
FAT CLAY (CH)

AutoCAD SHX Text
D5-4-04

AutoCAD SHX Text
PLANT AGGREGATE

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
PLANT

AutoCAD SHX Text
D5-I-2400R30

AutoCAD SHX Text
SANDY LEAN CLAY (CL/GLACIAL TILL)

AutoCAD SHX Text
POORLY GRADED GRAVEL (GP/FILL)

AutoCAD SHX Text
FAT CLAY (CH)

AutoCAD SHX Text
SILTY LEAN CLAY (CL-ML)

AutoCAD SHX Text
POORLY GRADED GRAVEL WITH SAND (GP/FILL)

AutoCAD SHX Text
EOB - BEDROCK

AutoCAD SHX Text
D5-3CD-04

AutoCAD SHX Text
D5-3A-04

AutoCAD SHX Text
EOB - POSSIBLE BEDROCK

AutoCAD SHX Text
POORLY GRADED GRAVEL WITH SAND (GP/FILL)

AutoCAD SHX Text
SILTY SAND (SM)

AutoCAD SHX Text
FAT CLAY (CH)

AutoCAD SHX Text
D5-4-04

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
TILL

AutoCAD SHX Text
GLACIAL

AutoCAD SHX Text
D/S

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
PLANT

AutoCAD SHX Text
5' HORIZONTAL DRAIN, SELECT COARSE AGGREGATE

AutoCAD SHX Text
5' HORIZONTAL FILTER

AutoCAD SHX Text
HORIZONTAL FILTER

AutoCAD SHX Text
PLANT AGGREGATE

AutoCAD SHX Text
U/S  FILTER

AutoCAD SHX Text
D/S  FILTER

AutoCAD SHX Text
GLACIAL TILL CUTOFF

AutoCAD SHX Text
D5-I-2400R30

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
TILL

AutoCAD SHX Text
GLACIAL

AutoCAD SHX Text
D/S

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
EOB - POSSIBLE BEDROCK

AutoCAD SHX Text
WEATHERED ROCK

AutoCAD SHX Text
PLANT AGGREGATE

AutoCAD SHX Text
SELECT COARSE AGGREGATE

AutoCAD SHX Text
CLAY WITH GRAVEL (CL)

AutoCAD SHX Text
LEAN CLAY (CLAY)

AutoCAD SHX Text
D5-2400-R200-VW NEST

AutoCAD SHX Text
GLACIAL TILL

AutoCAD SHX Text
GLACIAL

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
TILL

AutoCAD SHX Text
D/S

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
D/S

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
GLACIAL

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
TILL

AutoCAD SHX Text
D/S

AutoCAD SHX Text
 AGGREGATE

AutoCAD SHX Text
COARSE AGGREGATE

AutoCAD SHX Text
SELECT COARSE AGGREGATE

AutoCAD SHX Text
HORIZONTAL FILTER

AutoCAD SHX Text
U/S FILTER

AutoCAD SHX Text
D/S FILTER

AutoCAD SHX Text
GLACIAL TILL CUTOFF

AutoCAD SHX Text
D5-I1400R30

AutoCAD SHX Text
D5-VW-1390R30

AutoCAD SHX Text
D5-VW1400R30 (T,B)

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
GLACIAL

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
TILL

AutoCAD SHX Text
D/S

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
PLANT AGGREGATE

AutoCAD SHX Text
SELECT COARSE AGGREGATE

AutoCAD SHX Text
LEAN CLAY (CL)

AutoCAD SHX Text
D5-1400-R200-VW NEST

AutoCAD SHX Text
FOUNDATION TILL

AutoCAD SHX Text
GLACIAL

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
TILL

AutoCAD SHX Text
D/S

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
6H:1V

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
D/S

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
AGGREGATE

AutoCAD SHX Text
COARSE

AutoCAD SHX Text
SELECT

AutoCAD SHX Text
CUTOFF

AutoCAD SHX Text
D5-1400-R400-VW NEST

AutoCAD SHX Text
LACUSTRINE CLAY

AutoCAD SHX Text
FILTER

AutoCAD SHX Text
D5-1400-R300 (INCL)

AutoCAD SHX Text
PLANT AGGREGATE

AutoCAD SHX Text
PLANT AGGREGATE

AutoCAD SHX Text
FAT CLAY (CH)

AutoCAD SHX Text
FAT CLAY (CH)

AutoCAD SHX Text
CADD USER: Chris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-006_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 8:50 PMChris M. Schulte FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-006_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 8:50 PM FILE: M:\DESIGN\23380086.00\23380086 DAM 5_CC-006_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 8:50 PMM:\DESIGN\23380086.00\23380086 DAM 5_CC-006_2017.DWG PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 8:50 PM PLOT SCALE: 1:2 PLOT DATE: 6/12/2018 8:50 PM1:2 PLOT DATE: 6/12/2018 8:50 PM PLOT DATE: 6/12/2018 8:50 PM6/12/2018 8:50 PM

AutoCAD SHX Text
BAR  M:\AutoCAD 2011\AutoCAD 2011 Support\enu\Template\Barr_2011_Template.dwt  Plot at 1  10/05/2010  14:03:50

AutoCAD SHX Text
.

AutoCAD SHX Text
.

AutoCAD SHX Text
CLIENT

AutoCAD SHX Text
BID

AutoCAD SHX Text
CONSTRUCTION

AutoCAD SHX Text
A

AutoCAD SHX Text
B

AutoCAD SHX Text
C

AutoCAD SHX Text
0

AutoCAD SHX Text
1

AutoCAD SHX Text
2

AutoCAD SHX Text
3

AutoCAD SHX Text
SECTION: STATION 24+00

AutoCAD SHX Text
4

AutoCAD SHX Text
CC-003

AutoCAD SHX Text
SCALE IN FEET

AutoCAD SHX Text
40

AutoCAD SHX Text
20

AutoCAD SHX Text
0

AutoCAD SHX Text
6H:1V

AutoCAD SHX Text
2.5H:1V

AutoCAD SHX Text
DAM 5  

AutoCAD SHX Text
REVISION DESCRIPTION

AutoCAD SHX Text
DATE

AutoCAD SHX Text
APP.

AutoCAD SHX Text
BY

AutoCAD SHX Text
NO.

AutoCAD SHX Text
CHK.

AutoCAD SHX Text
TO/FOR

AutoCAD SHX Text
RELEASED

AutoCAD SHX Text
DATE RELEASED

AutoCAD SHX Text
Approved

AutoCAD SHX Text
Designed

AutoCAD SHX Text
Drawn

AutoCAD SHX Text
Checked

AutoCAD SHX Text
Date

AutoCAD SHX Text
Scale

AutoCAD SHX Text
DWG. No.

AutoCAD SHX Text
BARR PROJECT No.

AutoCAD SHX Text
CLIENT PROJECT No.

AutoCAD SHX Text
REV. No.

AutoCAD SHX Text
Ph: 1-800-225-1966

AutoCAD SHX Text
HIBBING, MN 55746

AutoCAD SHX Text
3128 14TH AVENUE EAST

AutoCAD SHX Text
BARR ENGINEERING CO.

AutoCAD SHX Text
Fax: (218) 262-3460

AutoCAD SHX Text
Minneapolis, Minnesota

AutoCAD SHX Text
Ph: 1-800-632-2277

AutoCAD SHX Text
Corporate Headquarters:

AutoCAD SHX Text
www.barr.com

AutoCAD SHX Text
Project Office:

AutoCAD SHX Text
DATE

AutoCAD SHX Text
REG. NO.

AutoCAD SHX Text
SIGNATURE

AutoCAD SHX Text
PRINTED NAME

AutoCAD SHX Text
I HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, OR REPORT WAS PREPARED BY ME OR UNDER MY DIRECT SUPERVISION AND THAT I AM A DULY LICENSED PROFESSIONAL ENGINEER UNDER THE LAWS OF THE STATE OF MINNESOTA.

AutoCAD SHX Text
AS SHOWN

AutoCAD SHX Text
6/8/2018

AutoCAD SHX Text
CMS2

AutoCAD SHX Text
GSJ

AutoCAD SHX Text
SLL

AutoCAD SHX Text
SLL

AutoCAD SHX Text
NORTHSHORE MINING COMPANY

AutoCAD SHX Text
SILVER BAY, MINNESOTA

AutoCAD SHX Text
MILEPOST 7 TAILINGS BASIN

AutoCAD SHX Text
SILVER BAY, MINNESOTA

AutoCAD SHX Text
DAM 5 RAISE - ELEVATION 1245

AutoCAD SHX Text
SECTIONS - STATION 14+00 AND 24+00

AutoCAD SHX Text
23/38-086

AutoCAD SHX Text
CC-006

AutoCAD SHX Text
A

AutoCAD SHX Text
SARA L. LEOW

AutoCAD SHX Text
6/12/18

AutoCAD SHX Text
47103

AutoCAD SHX Text
FOR CONSTRUCTION

AutoCAD SHX Text
SECTION: DOWNSTREAM STATION 14+00

AutoCAD SHX Text
3

AutoCAD SHX Text
CC-003

AutoCAD SHX Text
SCALE IN FEET

AutoCAD SHX Text
40

AutoCAD SHX Text
20

AutoCAD SHX Text
0

AutoCAD SHX Text
DAM 5  

AutoCAD SHX Text
1280

AutoCAD SHX Text
1260

AutoCAD SHX Text
1240

AutoCAD SHX Text
1200

AutoCAD SHX Text
1220

AutoCAD SHX Text
1180

AutoCAD SHX Text
1160

AutoCAD SHX Text
1150

AutoCAD SHX Text
TOE SEEPAGE POND MIN. EL 1,181 FT

AutoCAD SHX Text
SOUTH POND EL 1,221.0 FT AS OF 6/8/18

AutoCAD SHX Text
SURFACE FROM 2017 LIDAR

AutoCAD SHX Text
SURFACE FROM 2017 LIDAR

AutoCAD SHX Text
EQUIPMENT ACCESS BENCH

AutoCAD SHX Text
SURFACE FROM 2014 LIDAR

AutoCAD SHX Text
SURFACE FROM 2014 LIDAR

AutoCAD SHX Text
ESTIMATED EXISTING SURFACE (6H:1V DOWNSTREAM SLOPE MATCHING FUTURE CREST EL. 1,260 FT)

AutoCAD SHX Text
ESTIMATED EXISTING SURFACE (6H:1V DOWNSTREAM SLOPE MATCHING FUTURE CREST EL. 1,260 FT)

AutoCAD SHX Text
ESTIMATED EXISTING SURFACE (2.5H:1V UPSTREAM SLOPE MATCHING FUTURE CREST EL. 1,260 FT)

AutoCAD SHX Text
06/12/18

AutoCAD SHX Text
A

AutoCAD SHX Text
CMS2

AutoCAD SHX Text
ATG

AutoCAD SHX Text
SLL

AutoCAD SHX Text
ISSUED FOR CONSTRUCTION

AutoCAD SHX Text
6/12/18

AutoCAD SHX Text
6/12/18

AutoCAD SHX Text
2H:1V

AutoCAD SHX Text
2H:1V

AutoCAD SHX Text
2H:1V


Reclaim Dam



12/02/2015 11:55:37

Plot at 20

NORTHSHORE MINING COMPANY
RECLAIM DAM RAISE - ELEVATION 1245

TAILING BASIN CONTROL DATA

BASIN CONTROL

NUMBER] NAME INORTHING EASTING _|ELEVATION| DESCRIPTION
HV—=9 621587.4510| 3048856.4250| 1308.69

; HV—11 |620725.2580] 3059623.2150[ 1201.82
3 HV—16 |615676.6820| 3054865.0750] 1214.85
PROJECT
NOTE:
LOCATION

NOT ALL CONTROL POINTS ARE SHOWN ON SITE PLAN

LOCATION MAP

ROZARTE NN\ S\
ASH LANDFILL 3
~ =

INDEX OF SHEETS
CC—001 . . . . TITLE SHEET, SITE PLAN, AND SHEET INDEX
CC—002 . . . . CONSTRUCTION LOCATION MAP
CC—003 . . . . EXISTING CONDITIONS, PLAN AND PROFILE
CC—004 . . . . PROPOSED GRADING PLAN
CC—005 . . . . TYPICAL SECTIONS

K:\Design\23380086.00\23380086_ReclaimDam_EL1245_CC—001.dwg

images in Drawing — K:\Design\23380086.00\local map.tif C:\Users\gsj\Desktop\SLL Signature.jpg

gs]

{v <~
> )
; = ' o
& T sesilate &
o "
@)
% 5
% 4
Y %/
i conmt sy . 7% SILVER BAY
: = R i ‘
i MILEPOST SEVEN B @
BEAR LAKE > 4
Py
uggﬁn
< East :
5, . SuBuy e
@ ~ 0 \ Wha Sy
: o = 2
g 9 &}I/), -
i <
i BEAVER
v BAY
pi i
Cokwy3 y
Silﬂ#ﬂ.\y : §(O
sl Aiport y
; N
N IATRRY T l-;ihi
N\ AU ISSUED
o A N \\ o 1000 2000 @ FOR CONSTRUCTION
U - AN “
V27N OSSN 0 ¢ SCALE N FEET 12/02/2015
| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, |[CLIENT 2/02 AS SHOWN BARR PROJECT No.
OR REPORT WAS PREPARED BY ME OR UNDER MY [pip BARR ENGINEERING Co. [0 Ti0/72/2015 2015 PROPOSED DAM CONSTRUCTION 23380086
UCENSL/E\E/SP%?FE%/%RNE%%QEE THE [CONSTRUCTION 2/02 BARR a‘WBZBB‘NéMUNA\g%r\;Li% EAST [Drawn JDH2 NORTHSHORE M”\“NG COMPANY MILEPOST SEVEN TAILINGS BAS|N, RECLAIM DAM CLIENT PROJECT No.
! Checked GSJ
SIGNATURE T — SILVER BAY, MINNESOTA
= AT BT C o T2 [ 3| opore nessarerst B 15800-225- 1366 Seaned = ) RECLAIM DAM RAISE TO ELEVATION 1245 TS RV
PRINTED NAME RELEASED Minneapolis, Minnesata
| BY [cHK[APP| DATE REVISION DESCRIPTION DaTE_12/02/2015 _ geg, No. 47103 TO/FOR DATE RELEASED Ph: 1-800-632-2277  “WWPermeom Approved SLL TITLE SHEET, SITE PLAN, AND SHEET INDEX CC-001 0




0

REV. No.

DATE OF
BARR PROJECT No.
23380086
CC-002

DWG. No.

12/02/2015

ISSUED
FOR CONSTRUCTION

DATE OF LIDAR MAY 23, 2014.

LAYOUT BASED ON CONTOURS DEVELOPED FROM LIDAR BY
AERO—METRIC OF SHEYBOYGAN, WISCONSIN COMBINED WITH BATHYMETRY

INTERVAL BASED ON NORTH AMERICAN

VERTICAL DATUM OF 1988.
COORDINATE SYSTEM, NORTH ZONE,

BATHYMETRY MAY 15, 2015. MAPPING BASED ON THE FOLLOWING DATUM:
NAD 83/96.

— HORIZONTAL DATUM: MINNESOTA STATE PLANE

— VERTICAL DATUM: TWO FOOT CONTOUR

LAYOUT NOTES:
BY BARR ENGINEERING.

1.

RECLAIM DAM RAISE TO ELEVATION 1245
CONSTRUCTION LOCATION MAP

2015 PROPOSED DAM CONSTRUCTION
MILEPOST SEVEN TAILINGS POND, RECLAIM DAM et PrRoJECT No.

(T PLAN: VICINITY MAP

-

MINNESOTA

NORTHSHORE MINING COMPANY
SILVER BAY,

=)
=
Q7 -
—a
- <<
T S _
& Rm z| =
S = =(o
2 T Slala|o|=|
- | IS E|lv w2
8 N[O
3 0 o|lo|n
OC ﬂJ
3 %)
UO <|o
S22 ©
& —-
3
3
2t olg (5|3 |22
35 e
S& 58 |5 6|8 |2
o
—
%]
S
ga
[e]
OO wq
zZz~N ©3
Thw 2%
S0 7w
H2_ 4
Z_Z af
Szs 98¢
. = Lu 5
8 &g 82
£ ¥ ¢
5wz 198
@ -T2
5 ES0 %%
S @OmT als
o
b
R 23R
tow
ogN
XN
2=
3= o
Tdég
0328
£a®
cal
584
a2
B SEE
O=a
)
o~
a
—lw
1]
SBE g
NEN old
NN o
ol
<
a
m
<
z
<] Sa
5} 0o
2 AN
= )
=)
) z
=l =} <] 3
ola|3
25w
Eeni
sE3
\ L2obe )
S Lz h< 3
- oD<aok —
h 7 @ Z0 ~
. T ( ax=59 <
O / 55220
/, P
- - . sw-(2
\ /- i .
) prgs | 7 ¢
) LR
BEEE il
55z5 B
Tudcg <
FERAY \&| e
&SuE <| o
Ll 3 g
R w
E= N
E=3E) R
°x’az w 2
»E5ET 2 2
o 39 5 o
/ gy 2 o
o= < =
= G558 2 2w
W =\ 295 % g%
7 N\ &
A\
ST ig/a NN
=z
o
=
o
x
&)
%)
Ll
=)
=z
o
n
>
[}
[
=1
<
o
o
[a
<
X
I
]
>
[aa]
o
=z

£619Z:0L  6102/20/ZL 0L 10 30id  BMP'Z00—0076hZ 1137 LDQWIDay~98008E£2\00'98008¢€ 7\ Ubisaq\:y _ [sB
Bdleanipubls TIS\dopiseq\[sb\siesn\:D — BUTDIT UT SeBOUT

WY £Z:0L $10Z2/Z/Z} 31va 107d Z:L ‘3TI¥OS LOTd OMA'Z00—007 S¥Z LT3~ WYANIVIOIY ~98008E£Z\00°980088£Z\NOISIA\M F14 uosuyor 6319 :y3sN QavO



1:2 PLOT DATE: 12/2/2015 10:28 AM

10:28:26

12/02/2015

Plot at O

— 'C:\Users\gsj\Desktop\SLL Signature.jpg

K:\Design\23380086.00\23380086_ReclaimDam_EL1245_CC—003.dwg

CADD USER: Greg Johnson FILE: K:\DESIGN\23380086.00\23380086_RECLAIMDAM_EL1245_CC—003.0WG PLOT SCALE:
— K:\Design\23380086.00\20276_1.dwg

Images in_Drawin

Xrefs in Drawin
gs]

SOUTH POND
WATER ELEVATION 1216.40
(10,/05/2015)

SPLITTER DIKE

NORTH POND
WATER ELEVATION 1216.5
(11/02/2015)

[ RECLAIM POND
[ )\ WATER ELEVATION 1207.5
) N\ (10/26,/2015)

\ —

\

/1 PLAN: RECLAIM DAM EXISTING CONDITIONS

0 100 200
| | J
SCALE IN FEET @

LAYOUT NOTES:

1. LAYOUT BASED ON CONTOURS DEVELOPED FROM LIDAR BY
AERO—METRIC OF SHEYBOYGAN, WISCONSIN COMBINED WITH BATHYMETRY
BY BARR ENGINEERING. DATE OF LIDAR MAY 23, 2014. DATE OF
BATHYMETRY MAY 15, 2015. MAPPING BASED ON THE FOLLOWING DATUM:

— VERTICAL DATUM: TWO FOOT CONTOUR
INTERVAL BASED ON NORTH AMERICAN
VERTICAL DATUM OF 1988.

— HORIZONTAL DATUM: MINNESOTA STATE PLANE
COORDINATE SYSTEM, NORTH ZONE,

NAD 83,/96.
1255 1255
1250 1250
1245 1245
1240 / \-{ 1240
= 2015 PROPOSED RECLAIM DAM \
1235 — /q - = A | | 1235
~ L N =T = SN SN I N N B | | /
1230 ‘ ‘ 7 1230
1295 EXISTING GRADE —/ R— — 1225
-
1220 = 1220
EXISTING GRADE AT DAM ¢ (TYP.) [~ PROPOSED GRADE AT DAM ¢ (TYP.)
1215 J 1215
—t

28 58 28 n8 28 18 %8 8 8 58 58 58 18 ¢8 98 08 -8 98 78 48 58 18 =8 58 58 58 ©8 98 28 98 28 8 58 58 58 58 98 98 98 =8 98 28 98 18 98 28 28 =8 83

w3 w3 [foRITe} w3 w3 w3 w3 w3 T} T} [feBaITe} T} [To B ITo VR To! T} T} T} T} [feBaITe} T} T} [feBaITe} te] te] te] te] te] te] te] te] te] te] te] te] te] g 20 te] te] te] Te] Te] Te] [Tol ITs)

RF 83 93 9% 2% 93 93 9% 2% 93 93 9% 93 93 93 U J3 93 V3 9% J3 93 93 9% 83 93 93 9% 93 93 93 9% 93 93 93 93 93 93 9% 83 93§ 9% 83 €3 93 9% 83 €33

0400 5400 10400 15+00 20+00 25+00 30+00 35+00 40+00 45+00 49+47

/ 2\ PROFILE: PROPOSED RECLAIM DAM EL 1245 ?HHMH‘Z?O 4?0
N HORIZONTAL SCALE IN FEET

i 40 ISSUED

VERTICAL SCALE IN FEET Faﬁ C0/VSTHU€T/0N
12/02/2015

| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, |[CLIENT 2/02 j ice: Scale AS SHOWN BARR PROJECT No.
AL T L D o | e s T 2015 PROPOSED DAM CONSTRUCTION |™ 53350086
I G A B 2/c2 BARR . mamue st o o | NORTHSHORE MINING COMPANY  [MILEPOST SEVEN TAILINGS BASIN, RECLAM DAMjayasromeer

PRINTED NAME _SARATL. LEOW i aoo225. Checked GSJ SILVER BAY, MINNESOTA

reepsen [A 1B C1 O T 2[3 |rpsimets M G008 [ | o) ’ RECLAIM DAM RAISE TO ELEVATION 1245 56w REV W

NO.| BY [CHK|APP| DATE REVISION DESCRIPTION DATE _12/02/205" | |cENsE 4 47103 TO/FOR DATE RELEASED Ph: 1-800-632-2077 ~ “Wwbarreom Approved SLL EXISTING CONDITIONS CC—-003 0




12/2/2015 10:32 AM

1:2 PLOT DATE:

12/02/2015

Plot at O

— 'C:\Users\gsj\Desktop\SLL Signature.jpg

K:\Design\23380086.00\23380086_ReclaimDam_EL1245_CC—004.dwg

CADD USER: Greg Johnson FILE: K:\DESIGN\23380086.00\23380086_RECLAIMDAM_EL1245_CC—004.DWG PLOT SCALE:
— K:\Design\23380086.00\2012 Existing Tracks and Roads.dwg

Images in_Drawin

Xrefs in Drawin
gs]

°

o _ — = S = SOUTH POND
i f S — S 77\ WATER ELEVATION 121
N 2 Z s S 1)~/ ~_ (10/5/2015
’ g

RECLAIM

RECLAIM DAM Q
. )
/

/ CC—0as5,

RECLAIM POND \
\ /WATER ELEVATION 1207.5 )
. (10/26/2015) /

10:31:03

J

LAN: RECLAIM DAM

0 100 200
NN | J

SCALE IN FEET

N
-,

LAYOUT NOTES:

1. LAYOUT BASED ON CONTOURS DEVELOPED FROM LIDAR BY
AERO—METRIC OF SHEYBOYGAN, WISCONSIN COMBINED WITH BATHYMETRY
BY BARR ENGINEERING. DATE OF LIDAR MAY 23, 2014. DATE OF
BATHYMETRY MAY 15, 2015. MAPPING BASED ON THE FOLLOWING DATUM:

— VERTICAL DATUM: TWO FOOT CONTOUR
INTERVAL BASED ON NORTH AMERICAN

\XQ\Q/ VERTICAL DATUM OF 1988. ISSUED
— HORIZONTAL DATUM: MINNESOTA STATE PLANE
4 \ COORDINATE SYSTEM, NORTH ZONE, FOR CONSTRUCTION
< = ) L RN NAD 83/96. 12/02/2015
| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, |[CLIENT 2/02 j ice: Scale AS SHOWN BARR PROJECT No.
i "aaRR ENGINEERNG O [ [10/12/201 2015 PROPOSED DAM CONSTRUCTION 23380086
LICENSED PROFESSIONAL ENGINEER UNDER THE  [CONSTRUCTION 2/02) B a RR aﬂangéﬂgNA\gg\#% EAST [Drawn ohz NORTHSHORE MINING COMPANY  |MILEPOST SEVEN TAILINGS POND, RECLAIM DAMI[GENT PROJECT No.
SARAL. LEOW ] ! Checked GSJ
:Z:ESRSAME T~ meeroen LA LB L C 10 1213 |Gree e P 15800-225- 166 Seaned = SILVER BAY, MINNESOTA RECLAIM DAM RAISE TO ELEVATION 1245 TSNS RV
£ inneapolis, Minnesata -
NO.| BY [cHK|aPP| DATE REVISION DESCRIPTION oATE _12/02/2075 LicEnsE £ 47103 TO/FOR DATE RELEASED Ph 1-BD0-632- 277 | “Wwbamcom Approved PROPOSED GRADING PLAN CC-004 Q




1:2 PLOT DATE: 12/2/2015 11:31 AM
12/02/2015 11:28:03

Plot at O

— C:\Users\gsj\Desktop\SLL Signature.jpg

K:\Design\23380086.00\23380086_ReclaimDam_EL1245_CC—005.dwg

CADD USER: Greg Johnson FILE: K:\DESIGN\23380086.00\23380086_RECLAIMDAM_EL1245_CC—005.DWG PLOT SCALE:

Images in_Drawin

9s)

1250 [ 1250 1250 P 1250
1240 1240 1240 1240
1230 o i - o 1230 1230 ~ i ” 1230
1220 1 ; : : 17 1220 1220 — e -y 1220
— = — 5.00’ | 25.00 — = — 5.00" | 25.00° T
1210 > — — — — — o — — 1210 1210 — T — I — - — — —1210
1200 i — = 1200 1200 = — | — ~ 1200
1190 S — 1190 1190 — = — 1190
1180 1180 1180 = — 1180
1170 1170 1170 . R 1170
1160 _— = 1180 1180 T T T T =T — = — 100
1150 1150 1150 1150
140 140 —140 —120 —100 —80 -60 —-40 -20 O 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 40
—140 —120 —100 —80 -60 |-40 -20 O 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 40 0 40 80
(10 SECTION: RECLAIM DAM 45+00
0 40 80 Cg—00 SCALE IN FEET
5\ SECTION: RECLAIM DAM 25+00 R 1950 3 1250
ooy - - SCALE IN FEET
25.00" ;.25.00 1940 1940
1250 F 1250 —
1230 N e 1230
1240 R - —~ 1240 1220 o s e e Ly 1220
1230 N —~ 1230 1210 = 5.00_| 25.00, — 1210
1220 <z > i = 1220 1200 T T - ] = ] - — 11200
1210 === — 1210 DS ol i I e i 1190
1200 e —— 1200 1180 B e Bl Tl S S 1180
1190 1190 1170 1170
1180 180
140 120 100 -80 —-60 —40 -20 0 20 40 60 80 100 120 140 180 180 200 220 240 260 280 300 320 340 360 380 400 V60 o0 100 B0 60 40 20 0 20 40 80 B0 100 120 140 160 180 200 230 40 260 280 300 320 340 360 380 aob'€°
0 40 80
(4 SECTION: RECLAIM DAM 20+00 0 40 80
:
&g e (9" SECTION: RECLAIM DAM_40+00
00y SCALE IN FEET
25.00' [25.00° 1950 . 1950
1250 |  —— 1250 a0 _— ELEVATION 1245 DAM DESIG 1240
R
1240 - 1240 0 —
— 1\ — ELEVATION 1245 DAM DESIGN 1230 N —~< 1230
1230 — =7 — 1 — Tty 1230 e ——
-~ - —_ 1220 o ; - - =+ 1220
1220 - 1220 121012 = - 5.00’ | 25.00 N —_ 1210
= — ~ ~ —1 — —1 —1 — —1
1210 -~ — — — — = — — —'210 1200 = T~ == = 1200
1200 ~ 1200 Tre0” N i — 1190
1190 ~ == — 1190 1180 T = — 1180
1180 EXISTING GROUN ~ — 1180 1170 —_— }\ 176
1170 — 1170 B e
1160 \ 1180 1160 EXISTING  GROUUND — 1160
- = == 1150 1150
1150 1150
1140 140 T140° 7940 —120 —100 —80 —-60 —40 -20 O 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 40D O
140 120 100 —80 —-60 —40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
0 40 80
0 40 80 .
/3 SECTION: RECLAIM DAM 15+00 ((8) SECTION: RECLAIM DAM 35+00 L5
CW SCALE IN FEET CW SCALE IN FEET
) 1250 1250
25.00' | 25.00 1940 1940
1250 . 1250 1230 < g ~ ~—_ 1230
1240 : 1240 S — 1Y
2 r —_ 1220 ; - - 1220
1230 e L 1230 B = 5.00" | 25.00 — 1o
1220 — == Ty 1220 1200 — T~ - — — = 1 - — 1200
1210 - — — I — — — I ~ 1210 1190m T T — 1190
1200 1200 1180 O~ B 1180
1190 T 1190 1170 ~ — 1170
1180 = —— 1180 1160 —_ 1160
1170 — — — 1170 1150 T T T T T T s
.
1160 —— 1160
1150 B e s ol el s PR T140° 140 120 —100 —80 —60 —40 —-20 O 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 40b O
1140 1140
—140 —120 —100 —80 —-60 —-40 -20 O 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 40 0 40 80
(7™ SECTION: RECLAIM DAM 30400
o 40 50 ck-00 SCALE IN FEET
(2 SECTION: RECLAIM DAM 10+00 1250 ] 1250
ck-00 SCALE IN FEET
U 1240 — 1240
1230 N T " 1230
25.00' | 25.00" 1220 = o > oo 2500 S gy — 1220
1250 1250 1210 = T : : I 1210
. — — — < — — —
1240 5 > —= W7, 1240 1200 > = = ~ 1200
1230 T === SRS e >~ 1230 1190 —— S B 1190
1220 = B = = 1220 1180 - B 1180
1210 - - — . = 1210 1170 - i 1170
1200 S— 1200 1160 B e IAL
1190 1190 1150 1150
1180940 120 —100 —80 —-60 —40 —-20 O 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 4000 114077940 120 —100 —80 —60 —40 —20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 40D O
1\ SECTION: RECLAIM DAM STA 5400 0 40 80 0 40 80
C@ Lt (B SECTION: RECLAIM DAM 27+00 ISSUED
0y SCALE IN FEET R0y SCALE IN FEET FOR CONSTRUCTION
12/02/2015
| HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, [CLIENT 2,/02] ; ce: Scal BARR PROJECT No.
OR REPORT WAS PREPARED BY ME OR UNDER MY [g5 £ Project Office: ooe AS SHOWN 2015 PROPOSED DAM CONSTRUCTION N
DIRECT SUPERVISION AND THAT | AM A DULY BARR ENGINEERING CO.  [Dote 10/12/2015 23380086
LICENSED PROFESSIONAL ENGINEER UNDER THE [CONSTRUCTION 2/02
LAWS OF THE STATE OF MINNESOTA. / BARR a\WBZBS\NQSMUNA\éEEI\;i% EAST [Drawn JDH2 NORTHSHORE M”\“NG COM PANY M”—EPOST SEVEN TA”—INGS POND: RECLAIM DAM CLIENT PROJECT No.
— ' Checked GSJ
- Vg )
PRNTED Nae _SARAT. LEOW | by 1-800-225-1966 . SILVER BAY, MINNESOTA RECLAIM DAM RAISE TO ELEVATION 1245
A|B|C | O] 1| 2| 3 [Corporate Headquarters: o) (9yg) 5673460 Designed GSJ DWG. No. REV. No.
SIGNATURE. RELEASED Minneapolis, Minnesata www.barr.com SECT|ONS
BY |CHK|APP| DATE REVISION DESCRIPTION DATE_12/02/2075 |icense 447103 TO/FOR DATE RELEASED Ph: 1-800-632-2277 oo Approved SLL CC-005 0




Appendix B

2018 Dam Inspection Report



Milepost 7 Tailing Basin
Dam Safety Inspection Report
Fall 2018

Prepared for
Northshore Mining Company

December 2018



Milepost 7 Tailing Basin
Dam Safety Inspection Report
Fall 2018

Prepared for
Northshore Mining Company

December 2018




Milepost 7 Tailing Basin
Dam Safety Inspection Report

Fall 2018

December 2018
Contfents
Executive Summary 1
1.0 Introduction 2
2.0 General Dam Information 3
3.0 Dam Inspection 4
3.1 General Overview 4
3.2 Dam 1 4
3.2.1  Description of Dam 4
3.22  Site Observations 5
3.3 Seepage Recovery Dam 1A 7
34 Seepage Recovery Dam 1B 8
35 Dam 2 8
3.5.1  Description of Dam 8
3.5.2 Site Observations 9
3.6 Seepage Recovery Dam 2-3 10
3.7 Dam 5 11
3.7.1  Description of Dam 11
3.7.2  Site Observations 12
3.8 Reclaim Dike 12
39 Diversion Dikes 14
4.0 Monitoring Data 15
5.0 Summary and Action Plan 17




List of Tables

Table 1 2018 Dam Information

List of Appendices, Attachments, or Exhibits

Appendix A Inspection Report
Appendix B Photographs
Appendix C Milepost 7 Tailing Basin 2018 Conditions Drawings

Appendix D Fall Instrumentation Monitoring Report

Certifications

| hereby certify that this report was prepared by me or under my direct supervision and that |
am a duly Licensed Professional Engineer under the laws of the State of Minnesota.

December 31, 2018

Sara L. Leow, PE Date
PE #: 47103




Executive Summary

The Northshore Mining Company Milepost 7 tailing basin was inspected as part of the dam safety review
in October 2018. Each tailing dam was reviewed for evidence of instability, excess seepage, sloughing,
erosion, or any other signs of structural deficiencies, and the results of the inspection are contained in this
report. All tailing basin dams appear stable and do not exhibit excess seepage, sloughing, unusual
erosion, or any other signs of structural deficiencies.

Several significant events or achievements occurred at the tailing basin this year under the direction of Mr.
Daniel Scamehorn, Mr. Bryan Rusco, and Mr. William Panetti:

* In the winter and spring of 2018, the downstream slope of Dam 5 was regraded to match a future
crest elevation of 1,260 feet following placement of a significant amount of fill beyond the design
downstream slope face matching the crest elevation of 1,235 feet. Construction also occurred at
Dam 5 in the summer of 2018 for the first phase of the crest raise to 1,245 feet.

* The area called the "Super Cell Beach” was created in 2017 between the reclaim dam and the
eastern end of Dam 1 to store an elevated zone of fine tailings in an effort to better facilitate
vegetation growth an increase dust control continued to be maintained. A new super cell beach
was also started by constructing a containment berm parallel to the Dam 1 filter berm
approximately 200 feet upstream of the Dam 1 centerline and spigotting fine tailings within this
zone.

* Replacement of the weir in the northwestern corner of the reclaim dam continues to be in
progress. The new weir box was installed just southwest of the existing weir, but is not yet in
service due to a minimal rise of the tailings basin pond in 2018.

* Ongoing slope maintenance and repairs, such as regrading and erosion protection/vegetation,
were performed.

* Instrumentation was monitored in May and November as part of the long-term monitoring
program. Data loggers were installed on almost all of the remaining vibrating wire piezometers as
well as newly installed piezometers. The fall instrumentation report is included in Appendix D.



1.0 Introduction

More than 3.5 miles of perimeter dams are currently maintained by Northshore Mining Company (NSM)
to retain tailings produced as part of the ore extraction process as well as provide a suitable water source
for mineral processing. The tailing basin currently encompasses nearly 2,100 acres of land and a 3,500
acre watershed. Annual inspections are completed to evaluate the conditions of the dam sections. This
report discusses a review of the present tailing dam conditions at NSM'’s Milepost 7 (MP7) tailing basin.
The review includes a summary of the existing structural conditions of each dam and, if necessary, a
recommended action plan to remedy situations observed and identified during the review.

The dam safety review was performed on October 15 and 16, 2018 as part of NSM's engineering and
design of the tailing basin. Sara Leow, P.E. and Aaron Grosser, P.E. of Barr Engineering Co. (Barr)
performed the dam safety review.

The purpose of an annual inspection is to review the performance and condition of the dams.
Observations consist of viewing the downstream toe through the crest of each dam section, the visible
portion of the upstream slope, and basin shoreline. Visible deficient aspects of each structure are
identified during these observations. A field inspection report, which includes dam observations, was
created to document the conditions of the dam and is included in Appendix A. Photographs taken during
the site visit are located in Appendix B. The most recent drawings of tailing basin conditions are included
in Appendix C. The most recent instrumentation monitoring data was submitted separately, but is also
included as Appendix D.

Seepage recovery dams are present north and south of the basin to impound seepage water from the
perimeter dams. Surface water runoff is also diverted from entering the basin by diversion dams. A
separate diversion ditch is located upstream of the West Ridge Railroad grade which diverts surface water
from between the original diversion ditches and the current railroad to locations outside of the basin.



2.0 General Dam Information

Table 1 below offers pertinent data for the tailing basin and each dam section. Mr. William Panetti

provided data that was not available from surveys due to ongoing construction.

Table 1

2018 Dam Information

Dam Section

Station Range of

Minimum Toe

Filter Berm or Crest

Adjacent Pond

1,155 feet from
bathymetry in

(as constructed)

Dam Elevation Elevations* Elevation**
0+00 to 100+00 1,241 feet 1,221.2 feet (US)
Dam 1 (final dimension) 1132 feet (as constructed) (10/13/2018)
Dam 2 LRI Approx. 1,160 feet (Iow;;f‘liign:eifltfilter L2212 i (L)
(final dimension) | ~PPTX P (10/13/2018)
berm, as constructed)
1,235 feet North and South - 1,221.2
(lowest point on feet (US) (10/13/2018),
Dam > 0+00to 41+36 | Approx. 1,165 feet crest, currently under 1,184.0 feet (DS)
construction) (10/13/2018)
Submerged
(adovrgiitﬁf:tg 1,235 feet 1,221.2 feet (US)
Reclaim 0+00 to 51+50 PP y : (10/13/2017), 1,206 feet

(DS) (10/13/2018)

Dam 2-3

2015)
Seepage Recovery Not established 1,120 feet 1,139.3 feet N/A
Dam 1A
SEEREER e Not established 1,150 feet 1.178.9 feet N/A
Dam 1B
Seepage Recovery Not established 1,130 feet 1,153.7 feet N/A

*Provided by NSM

**US= upstream pond level, DS= downstream pond level




3.0 Dam Inspection

3.1 General Overview

On October 15 and 16, 2018, a detailed visual inspection of each of the perimeter (tailings) and seepage
collection pond dams was performed. A less detailed review of the diversion dams was also performed.
The inspection covered the tailings dams at the toe, mid-slope, and crests. The conditions encountered
were noted, and observations entered into a set of field notes that are presented in Appendix A.

3.2 Dam 1

3.2.1 Description of Dam

As shown on sheet G-01 and G-03 (Appendix C), Dam 1 is located on the southern end of the tailings
basin. The dam is approximately 10,000 feet long, and the crest of the dam is approximately 700 to 800
feet wide. Dam 1 and Dam 1E, located east of Dam 1, were two separate dams prior to 2004, with Dam 1E
being constructed on the east side of a high point, the previous eastern abutment on Dam 1. Dam 1E was
located east of the highpoint and west of another natural high ground area. Because the crest is wide in
this area, the dams share the same alignment, although it changes direction at the location of the
underlying natural high ground point between the two dams. Although the inspection table in Appendix
A has separate sections for Dam 1 and Dam 1E, the dams are typically collectively considered Dam 1.

The general stratigraphy of native soils beneath the dam consists of lacustrine clay deposits 10 to 20 feet
thick and glacial till of varying thickness, with bedrock below the till. Glacial till outwash is also present in
some areas at the toe of the dam. Initial construction consisted of a sand and gravel starter dam with an
upstream clay face. Downstream construction methods were originally intended to be employed;
however, upstream construction methods were alternatively implemented during the early years of
operation. In about 2003, dam construction was changed to an offset upstream method, in which a filter
berm is constructed approximately 800 feet upstream of the starter dam and tailings are discharged
upstream, creating a beach. The area downstream of the filter berm is constructed with plant aggregate
overlying fine tailings; this plant aggregate was placed directly over the fine tailings in accordance with
the Consensus Closure Plan. Fine tailings previously deposited by pipeline prior to the shift to offset
upstream construction exist from near the old dam crest and extend into the basin. The plant aggregate
zones are approximately 50 to 60 feet thick and the fine tailings are generally about 40 to 55 feet thick.
The lowest point in the filter berm is presently at approximate elevation 1,241 feet. Plant aggregate was
also placed on the dam crest to construct the new railroad grade. Some plant aggregate has been placed
between the plant aggregate backer and the railroad grade, as well. The lower dam crest (immediately
downstream of the seepage collection ditch) for the western part of the dam is about elevation 1,195 feet.
The proposed overall upper dam slope as shown is about 6H:1V for an upper dam height of about

120 feet, ending at the currently permitted ultimate crest elevation of 1,315 feet.

Seepage collection ditches are present to control seepage for Dam 1. A seepage collection ditch was
excavated upstream of the glacial till core for both the western and eastern portions of Dam 1 within the
plant aggregate zone in 2003 and 2004. The seepage is routed to the ends of the dam, where it flows over



weirs into ditches leading into the seepage collection ponds downstream of the dam. The seepage flow is
currently monitored at three locations on the dam. The upstream face of the ditch was regraded to flatten
the slope and maintain local stability of the ditch slope as part of the seepage collection ditch project. The
resulting slope was mulched and vegetation has been established.

Two cross sections (identified as 28+40 and 35+00) have historically been identified as critical areas of
study during the initial phases of design and cross section at Dam 1. These cross sections are near the
middle of the western portion of the dam in the area of the highest potential dam raise, also identified as
the lowest natural ground foundation area where soft lacustrine clay deposits are present. The cross
sections for stations 28+40 and 35+00 are shown as sheets G-04 and G-05 (Appendix C). As investigation
and instrumentation installation also occurred over the past year, a cross section has also been developed
for the eastern end of Dam 1 at station 90+50 and is shown in sheet G-06.

With a current lowest point of the dam filter berm crest at an approximate elevation of 1,241 feet, plant
aggregate railroad grade higher than the filter berm, and an adjacent tailing pond level of 1,221.2 feet as
of October 13, 2018, about 19.8 feet of freeboard exists, which is greater than the 10 feet required.

3.2.2 Site Observations

During the site review, the downstream slope and toe were observed by walking the length of the dam.
The glacial till core was observed to be firm, dry, and intact. The weirs located at the ends of the seepage
collection ditches normally flow about 150 to 800 + gallons per minute depending on recent precipitation
or the relative location of the pond to the filter berm. Due to the location, elevation of the weirs, and the
grading of the seepage collection ditch, flows over the weirs have usually varied. The west weir was
observed to be almost completely plugged by vegetation and algae debris; it appears cleanout of algae
and vegetation from the seepage collection ditch may have occurred to the east and this material then
washed into the weir. The east weir notch was observed to contain an abundance of algae. The weir at
Dam 1E was functional, though quite a bit of algae and cattails were observed to be present upstream
and downstream of the weir. The weirs and areas upstream and downstream of the weirs should be
cleaned out to prevent backup of seepage water from the ditches and to allow representative monitoring
readings. The removed material should be disposed in an area where it will not wash back into the
seepage collection ditch. Algae and cattails were also observed to be prolific in the seepage collection
ditch at Dam 1E, and the seepage collection ditch should be cleaned out.

A visible phreatic line was observed on the upstream side of the seepage collection ditches about one
foot above the ditch water level along the entire ditch alignment. The core and filter were observed to
generally be relatively clear of brush, though some tall brush was observed to be present near the east
end of the main portion of Dam 1, which should be removed. It appeared as though some work had
been performed to remove some of the brush on the core at Dam 1E, though large brush is still present to
the west of approximate station 92+00. A notch appeared to have been cut out of the core as part of the
previous brush clearing activities. This notch should be regraded to prevent collection of water from
precipitation at this location.



As was noted in previous dam inspection reports, a seepage cutoff was constructed at the eastern
abutment of the eastern extension of Dam 1 (old Dam 1E) in late August 2015 up to an approximate
elevation of 1,236 feet. Even with inclusion of this cutoff, seepage was observed to be flowing into the
seepage collection ditch from the upstream side at the east abutment of the east end of Dam 1 during
both the 2016 and 2017 dam inspections. A similar condition was observed during the 2018 dam
inspection. Soil particles were not observed to be carried in the seepage. This seepage may be from
precipitation events and subsequent water draining through the plant aggregate, or could be seepage
water from the basin. One option for further review of the seepage could be to test water samples to
help determine if the water is from precipitation or the tailings pond.

As was observed starting in 2016, it appeared that some minor, shallow sloughing may have occurred in a
few zones of filter material along the downstream side of the seepage collection ditch in the middle of the
western portion of the dam. Conditions of these areas in 2018 looked the same as observed in 2016 and
2017. These areas should be regraded to protect the cutoff downstream of the filter.

A few apparent animal burrows approximately 3 inches in diameter and partially obscured by vegetation
were observed to be present on the west edge of the core near the west weir. These animal burrows
should be filled in accordance with FEMA Technical Manual for Dam Owners: Impacts of Animals on
Earthen Dams (2005) to help prevent creation of preferential drainage paths in the dam.

Along the toe of the dam (below the seepage collection ditch) there was no visible evidence of piping or
internal erosion, as no seepage was observed to be exiting the face of the slope and seepage observed at
the toe of the slope did not contain fines. Visible or apparent seepage was limited to the flow from the
relief wells. No sand boils were observed, and the toe was firm. As has been observed since 2015, one
relief well on the eastern edge of the pond, R-11, is broken off at the ground surface and should be
repaired. The ditch supporting the flow from the R-11 well should be cleaned to promote drainage and
the general area beyond the toe cleared so the relief wells are more visible. Additionally, it would be
advantageous if one approximate excavator bucket of material was removed from beneath each relief well
to allow use of a larger container for flow measurement during monitoring events.

No relief wells or piezometers currently exist on the eastern part of the main section of Dam 1. To gain a
better understanding of seepage conditions near a smaller pond just east of seepage recovery pond 1A,
the instrumentation plan for the next few years should include installation of piezometers at the toe of the
dam near approximate station 43+00.

Although erosion on the slope face, particularly near the toe of the western section of the dam, has
typically been observed during dam inspections and throughout the year, the erosional areas have not
changed, worsened, or broadened over time based on comparisons with past dam inspection information.
They do appear out of the ordinary in that minimal to no vegetation has regrown in the areas on its own.
It is recommended to not use large equipment to repair the areas, rather material could be delivered and
spread over the site, mulched, and seeded to promote future growth, thereby limiting further disturbance
of adjacent areas by equipment. Vegetation in the area in the western section of the dam near station



20+00 where an old equipment shed was removed in 2015 continues to appear to have generally blended
in with vegetation on the rest of the downstream slope face.

Starting in April 2017, NSM constructed a berm between the eastern end of Dam 1 and the reclaim dam
to contain a raised area of fine tailings between the east side of the basin and the berm. This area is
referred to as the “Super Cell Beach” (SCB). A weir was installed in the berm to decant water into the main
tailings pond. Fine tailings were spitgotted into the cell, and the surface of the cell is now at an
approximate elevation of 1,235 feet. The SCB configuration results in the elevated beach surface
remaining above tailings pond level for a longer period of time than typical durations between spigotting
operations. The beach surface is subsequently mulched and the longer time periods between spigotting
can better facilitate vegetation growth, which could lead to a reduction in dust dispersion and related air
quality issues. In the summer of 2018, NSM began another section of SCB consisting of a berm
constructed of fine tailings placed parallel to and offset approximately 200 feet from the dam centerline
along the entire length of the dam west of the original SCB. Fine tailings were subsequently spigotted
into this new cell with the most recent spigotting occurring at the west end of the dam. A couple areas of
the fine tailings berm in the west-central portion appeared to have been overtopped, and we understand
NSM intends to reconstruct these areas to continue SCB construction. In general, the exposed tailings
beach was observed to have been stabilized using mulch except for zones of recent spigotting activity and
areas partially submerged further into the tailings basin, beyond the SCB.

The crest of the dam was reviewed and found to be generally level across the alignment with the
exception of grading between the new railroad embankment and the filter berm/backer on the upstream
side and the old railroad embankment one the downstream side. There appeared to be a narrow point in
the filter berm at an access ramp location for the SCB near approximately station 25+00; however, the
filter berm is typically constructed wider than plan. The minimum filter berm width should be maintained
per plans.

3.3 Seepage Recovery Dam 1A

Seepage recovery dam 1A, which impounds seepage water from the western section of Dam 1 and local
surface runoff, was originally constructed with sand and gravel including an upstream glacial till face. No
indications of tension cracks or sloughing were observed along the dam alignment. The crest of the dam
appeared level and was covered with grass and gravel.

The downstream slope was observed to be relatively dry with no seepage along the face. There were
some wet areas along the toe, especially in clayey areas, consistent with historical observations. The
ground was generally firm.

The area where monitoring wells are located about 100 feet off of the west end of the toe was observed
to be flooded. NSM informed Barr that the culvert beneath the railroad grade downstream of this area
was plugged by beaver activity and the culvert was cleared soon after the dam inspection.

Water levels in the monitoring wells have been high and water has been observed to flow from the top of
these wells during past dam inspections, though was not observed during the 2018 inspection. The top of



the monitoring wells were observed to have caps with locks; these caps should be replaced with vented
caps to allow water flow and prevent pressure build up.

In addition to the high monitoring well water levels, piezometric heads in some of the Casagrande
piezometers at this dam have also been similar to the seepage recovery pond surface elevation. As noted
in the monitoring report, new piezometers were recently installed at the toe of this dam and an evaluation
of dam seepage underflow and its effect to stability of the seepage recovery dam using data from the new
piezometers is planned to take place in 2019.

3.4 Seepage Recovery Dam 1B

Seepage Recovery Dam 1B acts in the same manner as Seepage Recovery Dam 1A, impounding seepage
water originating from the east end of Dam 1 and local surface runoff. This dam was also originally
constructed of sand and gravel with an upstream glacial till face. No indications of tension cracks or
sloughing along the dam alignment were observed. The crest of the dam appears to be level and covered
with grass and gravel. Although the majority of brush was observed to have been cleared out in 2017,
some brush that should be cleared was observed near the west end of the dam. The water level in the
associated seepage pond appeared normal. A few large ant hills were observed at the edge of the crest
on the eastern end of the upstream side of the dam. The presence of several of these large ant hills could
potentially create a preferential pathway for drainage, which may affect dam stability.

The downstream slope was observed to be dry with no seepage along the face. Wet areas and were
observed at the toe of the dam. Consistent with past observations at this dam site, wet areas were
somewhat soft, but the ground was otherwise observed to be firm. Old equipment sheds that housed two
of the three monitoring wells at the toe were observed to have been removed and two replacement
monitoring wells, M12 and M12A, installed. Seepage less than about 1 gallon per minute was observed
adjacent to replacement monitoring well M12. The observed seepage was clear and did not appear to
contain soil particles. Seepage of similar magnitude has been observed in the past at the toe of this dam,
though it is unknown as to whether the recently observed seepage is related to the installation conditions
of the replacement monitoring well. A new piezometer nest was installed near the monitoring wells after
the dam inspection, and this data is planned to be used to assess seepage and stability conditions of
seepage recovery dam 1B in 2019.

3.5 Dam 2

3.5.1 Description of Dam

As shown on sheets G-01 and G-07 (Appendix C), Dam 2 is located on the northern end of the tailing
basin and is approximately 5,700 feet long. A glacial till cutoff was constructed as a central core in the
starter dam for Dam 2. The fill material placed on natural ground to the existing dam elevation consists of
plant aggregate, which extends upstream of the starter dam about 500 to 600 feet. After completion of
the plant aggregate placement, fine tailings were discharged into the basin creating beaches. Similar to
Dam 1, the offset upstream method was also used for Dam 2 beginning in about 2003, with a filter berm
constructed about 800 feet upstream of the starter dam. Tailings were discharged into the basin to create



a beach adjacent to the starter dam prior to construction of the offset and associated filter berm. At Dam
2, about 20 feet of plant aggregate was used to cover the previously deposited approximate 30 foot thick
layer of fine tailings, in accordance with the Closure Consensus Plan. The area downstream of the filter
berm is currently raised using only plant aggregate. Presently, approximately 40 to 50 feet of plant
aggregate exists over the fine tailings. The downstream dam slope for Dam 2 (above about elevation
1,200 feet) will be 6H:1V up to the currently permitted ultimate height of the dam at elevation 1,315 feet
using the existing cross section. Cross sections of Dam 2 are shown on sheets G-08 and G-09

(Appendix C).

A peat deposit overlying the lacustrine clay and glacial till exists in the approximate middle portion of the
dam cross section. The peat has been compressed from its original 10 foot thickness to a thickness of
about 3 to 5 feet. Previous investigations identify an alluvial channel cut into the glacial till in the center of
the dam site near the middle of the dam cross section. A plant aggregate buttress was constructed in
1997 along the downstream toe of Dam 2 in the area of the lowest natural ground and where the dam
section will be highest. The toe berm increased the dam'’s stability by providing a means for drainage of
seepage and additional weight along the toe of the dam.

A seepage cutoff was constructed in the northeastern corner of Dam 2 in May 2012. The seepage cutoff
was constructed beyond the eastern extent of the clay core to significantly reduce the amount of seepage
flowing along the hillside, through more permeable plant aggregate zones located in this area of the dam.
The first stage consisted of a soil-cement-bentonite cutoff to elevation 1,216 feet, with the second stage
consisting of compacted clay till to a present surface elevation of 1,240 feet. The cutoff will be extended
vertically with glacial till as part of subsequent dam raises to the ultimate dam height.

The current minimum dam crest elevation at the filter berm is approximately 1,243.9 feet. The adjacent
tailing pond level is 1,221.2 feet, resulting in a freeboard of about 22.7 feet, which is greater than the
10 feet required.

3.5.2 Site Observations

Consistent with previous inspections, the downstream slope below the seepage collection ditch was
observed to be uniform and grass-covered, except near the toe where the plant aggregate buttress was
previously constructed. Seepage was visible on the upstream face of the seepage collection ditch a few
inches to a foot above the water surface, as evident by vegetation changes. The water in a few areas of
the seepage collection ditch appeared cloudy, as has been observed in the past, which is likely related to
the algae in the channel. An abundance of algae and cattails were observed to be present in the seepage
collection ditch, in some locations creating little ‘islands’ of vegetation growth. Some algae and cattails
were observed around the east weir, while prolific algae/cattail build-up was observed at, upstream, and
downstream of the west weir. Algae and cattails should be cleaned out of the seepage recovery ditch, the
areas surrounding the weirs, and the channels downstream of the weirs to promote the free flow of
drainage.

The downstream slope has been filled and graded to its final design condition downstream of the railroad
embankment, and this final dam slope is covered with vegetation. A few piles of cut woody brush were



observed on the clay core from clearing, consistent with recommendations to clear brush off the core,
though some intermittent remaining brush was present. Several animal burrows approximately 2 to 3
inches in diameter were observed on the west end of the core, near the weir. Although in the generally
same overall area near the west end of the core as last year, these animal burrows are not in the exact
same locations. These animal burrows should be filled in accordance with FEMA Technical Manual for
Dam Owners: Impacts of Animals on Earthen Dams (2005) to help prevent creation of preferential drainage
paths in the dam. An area of filter erosion was observed on the downstream side of the seepage
collection ditch just west of station 42+00, although this same erosion area was observed in 2017 and the
condition does not appear to have changed between the 2017 and 2018 dam inspections. This erosion
area should be regraded to prevent additional erosion.

No seepage was observed on the downstream slope above the toe of the dam. The toe seepage
collection ditch was observed to contain water. Water was flowing in ditches at the toe of the dam near
the west and east ends; however, the channel on the east end of the dam is not well defined and is
difficult to observe due to being obscured by vegetation. Several ponded areas were also observed to be
present along the east toe of the dam. Vegetation should be cleared out beyond the buttress toe to allow
for better observation of channel conditions and to plan for better diversion of this water to the seepage
recovery pond.

Some remnant soil with grass growth appeared to still partially block the outlet channel for the toe drain
near station 34+75 and should be removed. Beaver dams observed during the 2017 inspection at the
south end of the outlet channel for the toe drain, just before the channel empties into the seepage
recovery pond, as well as just east of the toe drain were observed during the 2018 inspection to have
been cleared out to allow water to flow into the into the seepage collection pond.

Ponded water was observed in an area at the toe of the northeastern corner of the dam. This water
appears to likely consist of runoff that has collected in a low area between existing topography and dam
fill. This area should be considered during development of the toe ditching plan at the east end of the
dam to better route water to the seepage collection pond.

Most recent construction of the filter berm occurred in 2015, with some minimal regrading at the west
end in 2018. Some grading and backer placement was also performed in the spring of 2018. The
upstream beach was observed to be mulched except for areas of recent spigotting near the west end of
the dam on the date of inspection.

An area of eroded filter berm was observed near approximate station 40+00. Although the filter berm is
overbuilt compared to plan, the area should be regraded to prevent continued erosion that infringes
upon the minimum filter berm width.

3.6 Seepage Recovery Dam 2-3

Seepage recovery dam 2-3 is located downstream of Dam 2 on the north side of seepage recovery pond
2-3. This dam was originally constructed of sand and gravel with a glacial till face to impound seepage
water from Dam 2 and local runoff.
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The crest of the dam appears to be horizontal and is covered with tall grass, some brush, and gravel. No
signs of tension cracks or movement were observed. The upstream slope is uniform and grass-covered.
The pond surface elevation appeared normal.

The downstream slope was observed to be uniform and vegetated with brush and grasses; removal of
taller vegetation at the toe would help facilitate observations. Wetland type vegetation was observed to
be present at the downstream toe of the slope. Wet areas with cattail vegetation were found throughout
the area along the toe where the relief wells are located, and the two relief wells were observed to be
flowing, similar to past observations. A new piezometer was installed at the toe of this dam after the dam
inspection.

3.7 Dam 5

3.7.1 Description of Dam

As shown in plan view on sheets G-01 and G-10 (Appendix C), Dam 5 is located on the east side of the
tailing basin and north of the Reclaim Pond. This dam was originally constructed as two dams, Dam 5A
and Dam 5B, but the dams were joined as they were raised. The dam is constructed over a layer of clay on
the south end, a rock knob in the middle, and a rock foundation on the north end. The northern rock
foundation was improved using blanket grouting during initial construction, while the middle rock knob
was covered by filter tailings as the dams were raised. A central glacial till cutoff was used in the initial
design and has continued to be incorporated into recent raises as shown on cross sections on sheets G-11
and G-12 (Appendix C). Filter tailings have been placed over the downstream portion of the clay
foundation and a plant aggregate drain has been constructed above the filter tailings along the entire
downstream portion of the dam. The dam stratigraphy is shown on sheets G-11 and G-12 (Appendix C). A
buttress was added along the toe of the dam starting in 2013 and is raised and extended for subsequent
dam raises, depending on stability and uplift conditions.

In February 2018, Barr was performing data logger installation work at the basin and noticed that an
extensive amount of fill had been placed on the downstream slope of Dam 5, including a significant
amount of fill beyond the estimated 6H:1V slope matching the current dam crest elevation of 1,235 feet.
To increase dam stability, Barr subsequently worked with NSM to develop a regrading plan with
consideration for the anticipated future construction raises, typical NSM construction methods and
equipment, winter weather conditions, and minimization of plant aggregate movement outside the Dam 5
area. The resulting plan included regrading of the dam slopes to match a crest elevation of 1,260 feet
while maintaining the existing crest elevation of 1,235 feet. The regrading plan also included extension of
the buttress originally planned as part of the dam raise to 1,245 feet. NSM performed the first phase of
dam raise construction to a crest elevation of 1,245 feet during the summer and fall of 2018.

The current raise of the dam crest to 1,245 feet as well as future raises are planned to continue to use the
centerline method to the approximate presently permitted ultimate elevation of 1,315 feet, although a
final alignment has not been designed along the north side of the dam. Several alternatives have been
proposed and will be evaluated in more detail prior to construction.
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3.7.2 Site Observations

Over the past several years, the downstream slope of Dam 5 has consisted of overbuilt benches that have
not been graded to the final slope. For the 2018 dam inspection, several areas of the downstream slope
were observed to have been graded to the 6H:1V slope per plans while plant aggregate piles were
present in other areas in preparation for grading to 6H:1V. The buttress at the toe of the dam was
observed to have been extended across the majority of the dam. The southern end of the crest, filter
berm, and core were observed to have been raised up to the raise elevation of 1,245 feet. Portions of the
north end of the dam were raised while others remained at the previous elevation of 1,235 feet. NSM
indicated the remainder of dam construction up to a crest elevation of 1,245 feet is planned to take place
in the summer of 2019. Note that sheets G-11 and G-12 do not yet reflect the regraded condition of Dam
5 as construction is not yet complete and LiDAR data has not been collected since the spring of 2017.

Seepage was not observed through the dam, except for water observed in the seepage collection pond at
the toe. A culvert from Bear Lake has sometimes been a source of water entering the seepage recovery
pond in the past. This culvert was observed to have been removed and water was flowing in the remnant
channel into to the seepage collection pond. NSM indicated the culvert was replaced after the dam
inspection. The seepage collection pond was also observed at a higher level than the minimum
recommended level in the spring 2017 monitoring report of 1,181 feet. NSM indicated that the toe pond
water level on October 13, 2018 was 1,184 feet.

Since Dam 5 is frequently under construction and no part of the dam has reached the ultimate
configuration, vegetation was not observed on the slopes. Minimal erosion was observed in most areas of
the downstream slope.

A stockpile of clay was observed to have been placed on the filter near approximate station 15+00. This
stockpile should be removed to prevent core material from mixing and migrating into the filter.

3.8 Reclaim Dike

The Reclaim Dike (Reclaim Dam) separates the south tailings basin pond from the Reclaim Pond. The
Reclaim Pond supports two floating pump stations that supply water for plant operations and to the water
treatment plant. Water from the south pond of the tailings basin flows over a steel decant structure (weir)
and into pipes that discharge into the Reclaim Pond. A chemical treatment system is housed in a shed on
top of the weir, which is used to treat the water by adding a flocculant as it enters the pond to reduce the
total suspended solids. The dam was reportedly built over a former haul road, is constructed of plant
aggregate, and uses the centerline construction method. A plan view of the Reclaim Dam is shown on
sheet G-01 and G-13 (Appendix C).

In late 2005 and 2006, the dike was raised using plant aggregate. The tailings were hauled from the Dam 5
dumpsite and placed along the toe of the dam during the winter. Ice was broken in advance of the fill
placement by an excavator reaching out into the Reclaim Pond in an effort to reduce any ice entrapment
in the fill. Fill was pushed ahead by a dozer until a stable bench was constructed on top of the submerged
toe and a bench that was constructed many years ago. After the material was placed along the toe, the
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slopes were constructed until the crest was reached. The crest is now more than 50 feet wide, which
allows haul truck traffic along the entire length of the dam. The crest along most of the dam is presently
at an elevation of approximately 1,235 feet.

NSM plant operations were idled between approximately December 2015 and early April 2016. In mid-
April 2016, cracking and sloughing were observed by NSM and Barr along the downstream slope. This
sloughing and cracking appeared to have been the result of a reduction in the effective stress of the
looser plant aggregate sloped near the angle of repose beyond the core areas of the dam due to a rise of
the reclaim pond elevation. NSM subsequently regraded the entire downstream slope of the dam to
approximately 4H:1V to match the dam design, and in some areas flatter. During the 2017 dam
inspection, two areas of cracking were observed, including one on the upstream edge of the crest near
approximate station 38+00 and a second on the downstream edge of the crest near approximate station
39+00; both of these areas are in the overbuilt area of the dam, beyond the core compacted zone.

To keep vehicle traffic near the center of the dam and prevent traffic in the overbuilt areas where cracking
has been observed, NSM placed another set of berms interior to the berms typically placed along the
crest edges. These berms were observed to be in place during the 2018 dam inspection. As has been the
case for the last several inspections, erosion of the relatively steep upstream slope from wave action was
observed. Piles of plant aggregate that have not yet been graded to 4H:1V were also observed on the
downstream slope between approximate stations 24+00 and 33+00.

As mentioned in the summary of Dam 1 observations, a berm was constructed between the upstream
faces of Dam 1 and the Reclaim Dam to create the Super Cell Beach. Fine tailings were also spigotted to
create a beach on the upstream side of the reclaim dam along the remainder of the east-west section of
the dam, as well as along the approximate southern half of the western section of the dam. An
equipment causeway was constructed westward off the west end of the southwest corner of the reclaim
dam to facilitate spigotting. The fine tailings beach was observed to be mulched.

In 2010, instrumentation was installed at two locations along the dam alignment to facilitate seepage and
stability modeling, with three piezometers installed at station 27+00 and three installed at station 37+00.
In 2015, piezometers were again installed at station 37+00 to replace the other piezometers at that
station that became inoperative due to wire end submersion. Since the fall 2016 monitoring event, the
wire ends for piezometers at station 27+00 could not be found and are assumed to have become buried
during slope grading. These instruments should be replaced. Cross sections of the reclaim dam are
shown on sheet G-14 (Appendix C).

The new weir was installed just southwest of the existing weir in 2017 was observed to still be present.
The outlet pipes for the new weir were visible, but were not operational, during the dam inspection; the
old weir was observed to still be operational. Equipment for a fine tailings treatment study was observed
on the dam crest in the vicinity of the weir at the time of the dam inspection. The outlet pipes for the old
weir should be grouted to prevent material migration between the south pond (Cell 1) and reclaim pond
once the transition to the new weir is complete. The dam width in the area of the existing weir is also

13



narrower than the rest of the dam, and should be regraded and compacted to match the rest of the dam
once the new weir is in service and the old weir sufficiently abandoned.

The intent of the weir is to limit the amount of finer material that flows into the reclaim pond by skimming
surficial water and treating it as it flows through the weir house. The 1,000 foot long turbidity curtain
installed in November 2014 was observed to be in service with none of the top floats submerged.
Although the curtain appears to be functional, the turbidity curtain anchors could be repositioned to re-
center the curtain around the weir outlet once the new weir is in service.

3.9 Diversion Dikes

Diversion Dikes 1C, 2, and 3 were also viewed during the dam inspection. These dams are located
northwest and southwest of the landfill and function to divert water from the watershed away from the
basin. Each dam appeared to be performing as intended. The dams are grass-covered with some trees or
brush. Diversion Dam 2 includes an upstream riprap erosion control face. The dams were not observed to
impound significant volumes of water except Diversion Dike 1C, which always impounds water and routes
it into a low flow channel (Diversion 1) away from the tailings basin. Each of the dams was generally level
and no sloughing or instability was observed. No seepage was observed on the dam faces or at the dam
toes.

In the past, a beaver dam has been observed in the outlet to the pond upstream of Diversion Dike 1C. This
channel was observed to be clear of debris and free flowing during the 2018 dam inspection. One larger
coniferous tree as well as a larger deciduous tree were observed to be present on the upstream slope of
Diversion Dike 1C, which should be removed. Some intermittent woody brush was also present on the
upstream slope as well as the lower portion of the downstream slope, which should be removed.

Similar to the last couple years, some piles of trees and woody brush were present during the 2018 dam
inspection that appeared to have been cut from the sideslopes of Diversion Dike 2. Some trees and
woody brush are still present, and the remaining trees and woody brush should be removed from the
dam slopes.

One larger tree was observed on the crest and a few medium-sized trees were observed to be present on
the upstream slope of Diversion Dike 3, which should be removed.
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4.0 Monitoring Data

The tailings basin is monitored on a regular basis, which includes the collection of monitoring data on a
biannual basis. The monitoring program consists of recording data from all of the functioning
piezometers and inclinometers that have been installed at the dams. Currently, there are many
piezometers consisting of standpipe (in this case Casagrande-type), pneumatic, or vibrating wire
construction. There are also ten inclinometers; four at Dam 1, four at Dam 2, and two at Dam 5.
Additionally, there are 13 relief wells that are monitored. The data are collected in the field and entered
into the piezometer spreadsheets or inclinometer database.

In general, the majority of pneumatic piezometers are functioning as intended. As has been noted in
recent years, however, some reading issues have occurred and a few appear to have reached the end of
their operable life. The majority of the pneumatic piezometers were placed in the dam during original
construction in the late 1970s and 1980s. Additional pneumatic piezometers were installed in 1996 and
1997. Therefore, most of the instruments upon which significant reliance on the data for safety monitoring
were installed 10 to 40 years ago. It is expected that many of these devices will eventually plug or become
inoperable due to degradation of the supply tubing or other issues. In response to these equipment
failures, vibrating wire (VW) piezometers have been installed at select locations to replace the pneumatic
devices, such as the vibrating wire piezometers installed at Dam 2 in 2015. Some of the risers for the
Casagrande piezometers have also become intermittently or completely blocked, which does not allow a
water level indicator to be lowered into the standpipe to record the water level. These locations should be
repaired or replaced as they are located on the midslope and/or near the toes of the dams and provide
valuable information in this area. Pneumatic and Casagrande piezometers should be planned to be
replaced with VW piezometers over the next several years to prevent data gaps.

VW piezometers were installed at Dam 1E for the first time at the toe in late 2017. Two additional nests
were installed in the summer of 2018 along the same station alignment to facilitate analyses for this dam
section.

Data loggers were installed at select locations to collect data from VW piezometers for the first time at the
site in the 2017. In 2018, data loggers were installed on the majority of remaining VWs as well as newly
installed VW piezometers. Data from these loggers has already been correlated to construction and/or
pond change events with piezometer heads. Data loggers are planned to continue to be added to new
VWs as they are installed. Setup of automated monitoring is also in progress.

The monitoring data and evaluation report is presented in detail within Appendix D. The report
summarizes the fall 2018 monitoring event and discusses monitoring results. The piezometer data for
Dam 1, Dam 2, Dam 5, the Reclaim Dam and the seepage recovery dams are relatively consistent with past
readings and the data recorded during the fall monitoring event provides no indication of dam instability.
The installation of more data loggers will allow additional data collection for use to set action levels for
the piezometers on the downstream slopes and at the toe.
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Piezometer readings from Casagrande piezometers at seepage recovery dam 1A and 2-3 appear generally
consistent with past readings. The piezometric heads from some of the piezometers located at the toe of
seepage recovery dam 1A are similar to the pond elevation for the adjacent seepage recovery pond and
the environmental monitoring wells at the toe of the dam indicate artesian conditions. VW piezometers
were installed in late 2018 at the toe of each of the seepage recovery dams and this data is planned to be
used to perform updated seepage and stability analyses for these dams.

Inclinometer data generally shows no movement between the spring and fall of 2018. Several of the
inclinometers at the basin were installed almost 20 years ago, while the rest of the inclinometers were
installed 3 to 12 years ago. Although data from particularly the older piezometers does not appear to
indicate movement, inclinometer casings can deteriorate over time which can potentially mask movement.
Seven inclinometers were evaluated with a downhole camera in the fall of 2017 and the remaining two
inclinometers were evaluated in the fall of 2018. This evaluation indicates that inclinometers are generally
in acceptable condition, though some groove wear was observed in older instruments. Implementation of
micro-electro-mechanical systems (MEMS) inclinometers is an option to upgrade these older instruments.
The MEMS are permanent, can be installed in the existing inclinometer casing, and can be incorporated
into a remote monitoring system. NSM and Barr have discussed incorporation of MEMS sensors at some
initial select locations in 2019.

Discharge from the relief wells was also measured as part of the monitoring process. Relief well flows
were measured to be higher than in the spring of 2018, but within the range of historical readings.
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5.0 Summary and Action Plan

The tailings dam inspection performed on October 15 and 16, 2018 did not identify conditions
immediately affecting the integrity of the basin. Each of the dams appears to be in acceptable condition
for continued operation.

Dam construction during the year included regrading of Dam 5 and the initial phase of the raise of the
Dam 5 crest to 1,245 feet. Filter material was also placed at the west end of Dam 1. Some backer material
was also placed at Dam 1 and Dam 2. The SCB originally constructed in the southeast corner of the basin
between Dam 1 and the Reclaim Dam in 2017 was raised up to the approximate elevation of 1,235 feet. A
new SCB was constructed along the entire length of Dam 1 west of the original SCB, with the fine tailings
containment berm parallel to the dam centerline and placed approximately 200 feet off of the filter berm
toe. Fine tailings were also deposited upstream of Dam 1, Dam 2, and the Reclaim Dam. Beach mulching
was conducted, as well.

Recommendations for the maintenance and continued operations of the dams for 2018 are as follows:

»  Continue monitoring the instrumentation on Dam 1, Dam 2, Dam 5, the Reclaim Dam, and
seepage recovery dams at least two times a year and repair/replace defective or non-functional
devices. Perform interim site visits for construction observation and monitoring, as necessary.
Develop action levels for piezometers on the downstream slope and at the toe of Dam 1 and Dam
2 relative to dam stability when sufficient data becomes available through use of data loggers.

» Raise Dams 1, 2, and 5 as necessary to maintain freeboard according to permitted requirements.

* Monitor pond and beach elevations to prevent pond water from coming in direct contact with
upstream filter berms for Dam 1 and 2. Construct SCBs in a manner as to prevent fine tailings
from overtopping the filter berm.

» Clear out vegetation and debris from the weirs and areas upstream and downstream of the weirs
to prevent seepage backup and allow monitoring, especially for the west end of Dam 1. Clear out
seepage collection ditches to maintain free flow.

»  Clear vegetation from the area out beyond the toe of Dam 2 to allow better assessment of toe
ditch conditions and creation of a toe ditching plan. Create channel to toe seepage ditch to route
water from ponded area at northeastern corner of Dam 2.

» Continue to maintain traffic closer to the center of the Reclaim Dam.

» Remove the stockpiled clay placed on top of the filter berm at Dam 5 in a manner as to prevent
mixing of clay and filter materials.

» Continue vegetating exposed areas of the dams as they are regraded or raised. In areas where
there is no vegetation and erosion had occurred previously, regrade by placing new material into
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the eroded areas and revegetate. This process will reduce damage from regrading by larger
equipment.

Regrade areas of plant aggregate and/or filter erosion on Dam 1, Dam 2, and the Reclaim Dam, as
well as the area of minor, shallow sloughing on the downstream side of the seepage collection
ditch near the middle of the eastern side of the western portion of Dam 1.

Monitor any wet areas that appear at the toes of the dams for evidence of seepage.

Remove brush along the core of the tailings dams, such as along the core of Dam 1E. Regrade
any notches in the core created during brush clearing, such as observed at Dam 1E. Brush and
trees should also be removed from the slopes of all the diversion dams.

Fill in animal burrows observed at the west ends of Dam 1 and of Dam 2 per the FEMA Technical
Manual for Dam Owners: Impacts of Animals on Earthen Dams (2005).

Periodically inspect areas where beaver dams have been observed in the past and remove any
newly constructed beaver dams.

Replace the caps on the monitoring wells with vented caps to prevent pressure build-up.

Install data loggers on any remaining instruments and newly installed instruments where possible
to collect data throughout the year, particularly over the duration of construction activities and
during different seasons and weather conditions.

Continue development of a plan to install MEMS based equipment in inclinometer casings.

Continue to follow and update the instrumentation upgrade plan for the next 5 years to replace
malfunctioning equipment and incorporate near real-time monitoring.
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Inspection Report



Northshore Mining Company
2018 Tailing Dam Inspection Forms
Inspection of Dam 1 Structure

Observed Features Yes No Comment / Note No.

1.0 (visible part of) Upstream Slope

1.1 Erosion protection X Not required due to beaches

1.2 Evidence of erosion X Some narrower sections of filter berm at ramp
locations

1.3 Evidence of movement X

1.4 Evidence of sloughing X

1.5 Evidence of cracking X

1.6 Mark of high pond level N/A

1.7 Tailings adjacent to dam X Super cell beach under construction

1.8 Vegetation X Beaches have been mulched except where recent
spigotting has taken place (west end of new super
beach)

1.9 Slope visually uniform X

1.10 Other unusual conditions X Couple areas where super cell beach berm overtopped
near west end

1.11 Evidence of repairs X Recent raise of filter berm, mainly at west end

2.0 Crest

2.1 Breach / wash-out X

2.2 Lateral movement X

2.3 Evidence of settlement X

2.4 Evidence of cracking X

2.5 Shoulder erosion X

2.6 Reduced width X

2.7 Crest visually horizontal X Except in areas where fill being placed for railroad
and dumpsites

2.8 Other unusual conditions X

2.9 Evidence of repairs X Backer fill material placed between RR grade and
filter berm in several areas, filter berm construction at
west end

3.0 Downstream Slope

3.1 Erosion protection X Vegetation

3.2 Evidence of erosion Seepage collection ditch is free of tailings or debris
and flowing, although a significant amount of algae
and cattails are present; no constrictions in width.

X Significant amount of algae upstream, downstream,

and in weirs. Some minor erosion near 28+40 on
downstream side of seepage collection ditch similar to
that observed in 2017 and spring 2018

3.3 Evidence of movement X
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Dam 1 Structure

Observed Features Yes No Comment / Note No.

3.4 Evidence of sloughing X Potential minor, shallow areas of slough in filter on
downslope side of seepage ditch between 28+40 and
35+00 — condition appears the same as observed in
2017 and spring 2018

3.5 Evidence of cracking X

3.6 Signs of phreatic surface Inside, upstream side of seepage collection ditch

X about 1 foot up from water surface, defined by
vegetation.

3.7 Evidence of seepage Seepage flow inside seepage collection ditch, seepage

X visible at intermittent locations along dam on inside,
upstream edge of seepage collection ditch.

3.8 Seepage clear X

3.9 Vegetation X Slopes are established with vegetation.

3.10 Slope visually uniform X

3.11 Other unusual conditions X Intermittent areas of brush along the filter as well as
on the core near east end.

3.12 Evidence of repairs X

4.0 Left and Right Abutments

4.1 Evidence of seepage X Seepgge flow in ditch, routed to abutments, measured
at weirs.

4.2 Seepage clear Algae/cattails in seepage collection ditch

4.3 Evidence of erosion X

4.4 Evidence of cracks X

4.5 Evidence of movement X

4.6 Evidence of settlement X

4.7 Other unusual conditions X Abundance of algae, cattails, and branches in west
weir. Abundance of algae in east weir. Animal
burrows in core at west end, near weir.

4.8 Evidence of repairs X

5.0 Downstream Toe

5.1 Toe drain exists X

5.2 Toe drain working well N/A Unknown, relief wells are flowing as shown in
monitoring report.

5.3 Toe ditch exits X Seepage pond

5.4 Flow in toe ditch X Seepage pond recovers any flow

5.5 Evidence of seepage X

5.6 Seepage clear N/A

5.7 Soft toe condition X

5.8 Evidence of sloughing X

5.9 Evidence of boils X

5.10 Other unusual conditions X Relief wells are flowing

5.11 Evidence of repairs X
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Dam 1 Structure

Observed Features Yes No Comment / Note No.
6.0 General
6.1 Associated tailings dam N/A
6.2 Decant structure at this dam X
6.3 Embedded/buried structures X
6.4 Spillway at/next to this dam X Designed at west end for ultimate dam elevation
6.5 Pipelines at this dam X Tailings discharge
6.6 Tailings next to dam inspected X
6.7 Crest accessible by truck X
6.8 Public access to dam X Gated facility
6.9 Any unusual conditions X
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Inspection of Dam 1 (east end) Structure

Observed Features | Yes \ No | Comment / Note No.

1.0 (visible part of) Upstream Slope

1.1 Erosion protection

Not required, beach present

1.2 Evidence of erosion

1.3 Evidence of movement

1.4 Evidence of sloughing

1.5 Evidence of cracking

1.6 Mark of high pond level

DU PR PR PR R A

1.7 Tailings adjacent to dam

1.8 Vegetation

Beach is mulched/vegetated except where tailings are
being discharged

1.9 Slope visually uniform

1.10 Other unusual conditions

Original super cell beach still in place. New super cell
beach parallel to dam centerline.

1.11 Evidence of repairs

2.0 Crest

2.1 Breach / wash-out

2.2 Lateral movement

2.3 Evidence of settlement

2.4 Evidence of cracking

2.5 Shoulder erosion

2.6 Reduced width

PR R PR PR X

2.7 Crest visually horizontal

Except where the railroad is being constructed and
where dump sites are located for existing railroad

2.8 Other unusual conditions

o

2.9 Evidence of repairs

>

3.0 Downstream Slope

3.1 Erosion protection

Uniform slope, graded and vegetated

3.2 Evidence of erosion

3.3 Evidence of movement

3.4 Evidence of sloughing

3.5 Evidence of cracking

3.6 Signs of phreatic surface

D] PR PR PR X

Upstream slope of seepage collection ditch is wet,
especially at east end

3.7 Evidence of seepage

Seepage flow in collection channel, seepage into
seepage collection ditch visible on upstream side at east
end

3.8 Seepage clear

Abundance of algae and cattails in seepage collection
ditch
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Dam 1 (east end) Structure

Observed Features

Yes

No

Comment / Note No.

3.9 Vegetation

Slopes are established with vegetation. Though some
has been removed, tall brush and trees remain in areas
on clay core that should be removed. A lot of algae and
cattails in seepage collection ditch

3.10 Slope visually uniform

3.11 Other unusual conditions

Clay core notched in one location that appears to have
occurred during vegetation clearing activities

3.12 Evidence of repairs

4.0 Left and Right Abutments

4.1 Evidence of seepage

Visible seepage on upstream side of seepage collection
ditch at east end

4.2 Seepage clear

4.3 Evidence of erosion

4.4 Evidence of cracks

4.5 Evidence of movement

4.6 Evidence of settlement

4.7 Other unusual conditions

4.8 Evidence of repairs

PR R R PR X

5.0 Downstream Toe

5.1 Toe drain exists

5.2 Toe drain working well

N/A

5.3 Toe ditch exits

Seepage pond at toe of dam and diversion ditch

5.4 Flow in toe ditch

Trees/brush at toe obstruct view of some of the toe
ditch — clear out trees

5.5 Evidence of seepage

Toe is moist to wet along pond shoreline.

5.6 Seepage clear

N/A

5.7 Soft toe condition

5.8 Evidence of sloughing

5.9 Evidence of boils

5.10 Other unusual conditions

5.11 Evidence of repairs

X R R R

6.0 General

6.1 Associated tailings dam

N/A

6.2 Decant structure at this dam

=

6.3 Embedded/buried structures

o

6.4 Spillway at/next to this dam

6.5 Pipelines at this dam

Tailings discharge

6.6 Tailings next to dam inspected

>

6.7 Crest accessible by truck

6.8 Public access to dam

Gated facility

6.9 Any unusual conditions
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Inspection of Seepage Recovery Dam 1A

Observed Features | Yes \

No

Comment / Note No.

1.0 (visible part of) Upstream Slope

1.1 Erosion protection

Grass covered

1.2 Evidence of erosion

1.3 Evidence of movement

1.4 Evidence of sloughing

1.5 Evidence of cracking

1.6 Mark of high pond level

1.7 Tailings adjacent to dam

|| R R <]

Seepage recovery pond

1.8 Vegetation

Well vegetated

1.9 Slope visually uniform

1.10 Other unusual conditions

o

1.11 Evidence of repairs

=

2.0 Crest

2.1 Breach / wash-out

2.2 Lateral movement

2.3 Evidence of settlement

2.4 Evidence of cracking

2.5 Shoulder erosion

2.6 Reduced width

DL PR P PR R A

2.7 Crest visually horizontal

2.8 Other unusual conditions

o

2.9 Evidence of repairs

=

3.0 Downstream Slope

3.1 Erosion protection

Sand and gravel construction, vegetation

3.2 Evidence of erosion

3.3 Evidence of movement

3.4 Evidence of sloughing

3.5 Evidence of cracking

3.6 Signs of phreatic surface

D PR PR | R

3.7 Evidence of seepage

Wet toe, consistent with previous years

3.8 Seepage clear

N/A

3.9 Vegetation

3.10 Slope visually uniform

3.11 Other unusual conditions

3.12 Evidence of repairs
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Seepage Recovery Dam 1A

Observed Features | Yes \ No Comment / Note No.

4.0 Left and Right Abutments

4.1 Evidence of seepage X

4.2 Seepage clear N/A

4.3 Evidence of erosion X

4.4 Evidence of cracks X

4.5 Evidence of movement X

4.6 Evidence of settlement X

4.7 Other unusual conditions X

4.8 Evidence of repairs X

5.0 Downstream Toe

5.1 Toe drain exists X

5.2 Toe drain working well N/A

5.3 Toe ditch exits X Wet toe and cattails. No well-designed ditch

5.4 Flow in toe ditch X

5.5 Evidence of seepage X No visible seeps but wet, cattails in wet areas

5.6 Seepage clear N/A

5.7 Soft toe condition X

5.8 Evidence of sloughing X

5.9 Evidence of boils X

5.10 Other unusual conditions X Flooded area downstream of dam toe due to culvert
under RR grade blocked by beaver activity

5.11 Evidence of repairs X

6.0 General

6.1 Associated tailings dam X Dam 1

6.2 SCF(s) at this dam X

6.3 Decant structure at this dam X Pump Station pumps upstream seepage recovery
pond water back to basin

6.4 Embedded/buried structures X

6.5 Spillway at/next to this dam X Low area covered in vegetation off west end of dam

6.6 Pipelines at this dam X Pumps back to main pond over Dam 1

6.7 Tailings next to dam inspected N/A No tailings

6.8 Crest accessible by truck X

6.9 Public access to dam X Gated facility

6.10 Any unusual conditions X
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Inspection of Seepage Recovery Dam 1B

Observed Features | Yes \

No

Comment / Note No.

1.0 (visible part of) Upstream Slope

1.1 Erosion protection

Vegetation and small boulders

1.2 Evidence of erosion

1.3 Evidence of movement

1.4 Evidence of sloughing

1.5 Evidence of cracking

1.6 Mark of high pond level

1.7 Tailings adjacent to dam

| R | <] R

1.8 Vegetation

Some brush near west end of dam

1.9 Slope visually uniform

1.10 Other unusual conditions

o

1.11 Evidence of repairs

>

2.0 Crest

2.1 Breach / wash-out

2.2 Lateral movement

2.3 Evidence of settlement

2.4 Evidence of cracking

2.5 Shoulder erosion

2.6 Reduced width

D PR PR PR R A

2.7 Crest visually horizontal

2.8 Other unusual conditions

Few ant hills, especially near east end

2.9 Evidence of repairs

=

3.0 Downstream Slope

3.1 Erosion protection

3.2 Evidence of erosion

3.3 Evidence of movement

3.4 Evidence of sloughing

3.5 Evidence of cracking

3.6 Signs of phreatic surface

DU PR PR PR 4 A

3.7 Evidence of seepage

Wet toe, consistent with past conditions. Seepage
observed adjacent to replacement monitoring wells
installed at toe.

3.8 Seepage clear

N/A

3.9 Vegetation

3.10 Slope visually uniform

3.11 Other unusual conditions

3.12 Evidence of repairs

New monitoring wells at toe, old sheds removed.
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Seepage Recovery Dam 1B

Observed Features Yes No Comment / Note No.

4.0 Left and Right Abutments

>~

4.1 Evidence of seepage

4.2 Seepage clear N/A

4.3 Evidence of contamination

4.4 Evidence of erosion

4.5 Evidence of cracks

4.6 Evidence of movement

4.7 Evidence of settlement

4.8 Other unusual conditions

R R R <] <]

4.9 Evidence of repairs

5.0 Downstream Toe

5.1 Toe drain exists X Unknown

5.2 Toe drain working well N/A

5.3 Toe ditch exits X

5.4 Flow in toe ditch X

5.5 Evidence of seepage Vegetation turns to tall grasses at toe; wet and mossy.
X Some seepage flowing <1 gpm in vicinity of old
monitoring well that was recently replaced at the toe.

5.6 Seepage clear X Minimal standing water. Seepage in vicinity of
replaced monitoring well appears clear.

5.7 Evidence of contamination

5.8 Evidence of vegetation kills

5.9 Soft toe condition Soft in wet areas but typically firm

5.10 Evidence of sloughing

5.11 Evidence of boils

5.12 Other unusual conditions

DL PR PR PR PR PR X

5.13 Evidence of repairs

6.0 General

6.1 Associated tailings dam X Dam 1 (old Dam 1E)

6.2 Decant structure at this dam X

6.3 Embedded/buried structures X

6.4 Spillway at/next to this dam X Low area covered in vegetation off west end of dam

6.5 Pipelines at this dam X

6.6 Tailings next to dam inspected N/A No tailings

6.7 Crest accessible by truck X

6.8 Public access to dam X Gated facility

6.9 Any unusual conditions X
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Inspection of Dam 2 Structure

Observed Features | Yes \ No \ Comment / Note No.

1.0 (visible part of) Upstream Slope

1.1 Erosion protection X

1.2 Evidence of erosion X Some erosion in a few spots

1.3 Evidence of movement X

1.4 Evidence of sloughing X

1.5 Evidence of cracking X

1.6 Mark of high pond level X Large beach

1.7 Tailings adjacent to dam X

1.8 Vegetation X Mulch on beaches to minimize dust issues

1.9 Slope visually uniform X

1.10 Other unusual conditions X

1.11 Evidence of repairs X

2.0 Crest

2.1 Breach / wash-out X

2.2 Lateral movement X

2.3 Evidence of settlement X

2.4 Evidence of cracking X

2.5 Shoulder erosion X

2.6 Reduced width X

2.7 Crest visually horizontal High at railroad grade and at filter berm, low in middle of

X dam, continuing to fill low areas to create 6H:1V slope

downstream of railroad

2.8 Other unusual conditions X

2.9 Evidence of repairs X

3.0 Downstream Slope

3.1 Erosion protection X Vegetation

3.2 Evidence of erosion X Some minor erosion of filter material adjacent to core,
though same condition as observed in spring 2018.

3.3 Evidence of movement X

3.4 Evidence of sloughing X

3.5 Evidence of cracking X

3.6 Signs of phreatic surface Generally present in seepage collection ditch a few inches

X above water flow on upstream side of ditch, vegetation

changes in seepage collection ditch.

3.7 Evidence of seepage X Flow in seepage collection ditch. Quite a bit of algae and
some cattails in seepage collection ditch

3.8 Seepage clear X Some murky areas in seepage collection ditch due to
algae

3.9 Vegetation X

3.10 Slope visually uniform X

3.11 Other unusual conditions X A few animal burrows in core at west end, near west weir
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Dam 2 Structure

Observed Features Yes No Comment / Note No.

3.12 Evidence of repairs X

4.0 Left and Right Abutments

4.1 Evidence of seepage X Seepage only at weirs from seepage collection ditch

4.2 Seepage clear N/A

4.3 Evidence of erosion X

4.4 Evidence of cracks X

4.5 Evidence of movement X

4.6 Evidence of settlement X

4.7 Other unusual conditions X Abundance of algae and cattails at, upstream, and
downstream of weirs, especially west end.

4.8 Evidence of repairs X

5.0 Downstream Toe

5.1 Toe drain exists X

5.2 Toe drain working well Difficult to tell, optimize water flow away from toe with
ditches

5.3 Toe ditch exits X Toe ditch contains water, limited flow in center and east
areas. Difficult to see ditch condition due to abundance
of trees, brush, and grass.

5.4 Flow in toe ditch X Water flowing in toe ditch at west end, standing water in
some areas along east toe, east toe channel meanders

5.5 Evidence of seepage X Wet, swampy area beyond toe berm with water flow

5.6 Seepage clear X

5.7 Evidence of vegetation kills X

5.8 Soft toe condition X Swampy conditions, wet

5.9 Evidence of sloughing X

5.10 Evidence of boils X

5.11 Other unusual conditions X Beaver dams removed from area off toe, just upstream of
seepage recovery dam 2-3. Remnants of old beaver dam
in toe drain channel should be removed

5.12 Evidence of repairs X

6.0 General

6.1 Decant structure at this dam X

6.2 Embedded/buried structures X

6.3 Spillway at/next to this dam X

6.4 Pipelines at this dam X

6.5 Tailings next to dam inspected X

6.6 Crest accessible by truck X

6.7 Public access to dam X Gated facility

6.8 Any unusual conditions X
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Inspection of Dam 5 Structure

Observed Features

|Yes|

No

Comment / Note No.

1.0 (visible part of) Upstream Slope (currently under construction)

1.1 Erosion protection

>

Not required, dam overbuilt in cross section so the
pond is far upstream and crest is protected by plant
aggregate

1.2 Evidence of erosion

1.3 Evidence of movement

1.4 Evidence of sloughing

1.5 Evidence of cracking

Skl

1.6 Mark of high pond level

Small plant aggregate beach at upstream toe

1.7 Tailings adjacent to dam

>

No fine tailings beach

1.8 Vegetation

o

1.9 Slope visually uniform

Uniform yet varies along the alignment

1.10 Other unusual conditions

1.11 Evidence of repairs

o

2.0 Crest

2.1 Breach / wash-out

2.2 Lateral movement

2.3 Evidence of settlement

2.4 Evidence of cracking

X< R

2.5 Shoulder erosion

2.6 Reduced width

o

Extra wide for trucks

2.7 Crest visually horizontal

X

2.8 Other unusual conditions

2.9 Evidence of repairs

X

Under construction for raise to 1,245 feet

3.0 Downstream Slope (currently u

nder constru

ction)

3.1 Erosion protection

3.2 Evidence of erosion

Minimal erosion

3.3 Evidence of movement

3.4 Evidence of sloughing

3.5 Evidence of cracking

3.6 Signs of phreatic surface

R PR | [ 4

3.7 Evidence of seepage

Seepage pond at toe

3.8 Seepage clear

3.9 Vegetation

o

3.10 Slope visually uniform

Slope is under construction by NSM to 6H:1V
slopes, so slope varies along alignment.

3.11 Other unusual conditions

3.12 Evidence of repairs

Under construction to move excess fill on
downstream slope and raise dam crest to 1,245 feet
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Dam 5 Structure

Observed Features

Yes

No

Comment / Note No.

3.13 Other

4.0 Left and Right Abutments

4.1 Evidence of seepage

4.2 Seepage clear

N/A

4.3 Evidence of erosion

4.4 Evidence of cracks

4.5 Evidence of movement

4.6 Evidence of settlement

4.7 Other unusual conditions

4.8 Evidence of repairs

il islislle

5.0 Downstream Toe

5.1 Toe drain exists

5.2 Toe drain working well

5.3 Toe ditch exits

N/A

Pumping system to the main pond

5.4 Flow in toe ditch

N/A

5.5 Evidence of seepage

Pond collects seepage and run off from Bear Lake

5.6 Seepage clear

5.7 Soft toe condition

5.8 Evidence of sloughing

5.9 Evidence of boils

5.10 Other unusual conditions

5.11 Evidence of repairs

| | | R

Buttress extension at toe per plans

6.0 General

6.1 Associated tailings dam

6.2 Decant structure at this dam

6.3 Embedded/buried structures

6.4 Spillway at/next to this dam

X R R

6.5 Pipelines at this dam

Pipeline/culvert from Bear Lake removed; water
flowing through remaining channel into seepage
pond. Toe pond surface at 1,184 feet as of 10/13/18

as measured by NSM.

6.6 Tailings next to dam inspected

No fine tailings

6.7 Crest accessible by truck

6.8 Public access to dam

Gated facility

6.9 Any unusual conditions
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Reclaim Dam

Inspection of Reclaim Dam

Observed Features | Yes

| No

Comment / Note No.

1.0 (visible part of) Upstream Slope

1.1 Erosion protection

>

1.2 Evidence of erosion

o

Erosion along slopes and from rain and wave action,
especially north of station 37+00

1.3 Evidence of movement

1.4 Evidence of sloughing

1.5 Evidence of cracking

1.6 Mark of high pond level

X < R

Small plant aggregate beach

1.7 Tailings adjacent to dam X

‘Super Cell Beach’ on south side of dam. Fine
tailings beach also on southern part of western leg of
dam. Submerged fine tailings in vicinity of weir.

1.8 Vegetation

o

1.9 Slope visually uniform

o

Some areas are near slope of angle of repose

1.10 Other unusual conditions

1.11 Evidence of repairs X

Under continual construction and grading

2.0 Crest

2.1 Breach / wash-out

2.2 Lateral movement

2.3 Evidence of settlement

2.4 Evidence of cracking

2.5 Shoulder erosion

2.6 Reduced width

DR PR | 4

2.7 Crest visually horizontal X

Sloped to drain into reclaim pond

2.8 Other unusual conditions

New weir at north end to replace old weir. Weir is in
place, but flow has not yet been switched from old to
new weir. Narrow area of dam crest at existing weir.

2.9 Evidence of repairs

3.0 Downstream Slope

3.1 Erosion protection

3.2 Evidence of erosion X

Some erosion in a few areas

3.3 Evidence of movement

3.4 Evidence of sloughing

3.5 Evidence of cracking

3.6 Signs of phreatic surface

3.7 Evidence of seepage

X R R R

3.8 Seepage clear

N/A

3.9 Evidence of contamination
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Reclaim Dam

Observed Features Yes No Comment / Note No.
3.10 Vegetation X
3.11 Slope visually uniform Slopes generally similar at about 4H:1V, but in some
X areas closer to 6H:1V, especially on east-west section

of dam

3.12 Other unusual conditions X Activity in vicinity of weir for fine tailings treatment
study

3.13 Evidence of repairs X Regrading has been ongoing to make slopes closer to
design plans

4.0 Left and Right Abutments

4.1 Evidence of seepage X

4.2 Seepage clear N/A

4.3 Evidence of contamination X

4.4 Evidence of erosion X

4.5 Evidence of cracks X

4.6 Evidence of movement X

4.7 Evidence of settlement X

4.8 Other unusual conditions X Fill material from elsewhere near basin dumped on
upstream slope at far east end of east-west section of
dam on south end of pond in fall 2016. Material is
now covered in fine tailings, but NSM has recorded
perimeter of fill material area.

4.9 Evidence of repairs X

5.0 Downstream Toe

5.1 Toe drain exists X

5.2 Toe drain working well N/A

5.3 Toe ditch exits N/A

5.4 Flow in toe ditch N/A

5.5 Evidence of seepage X Reclaim pond at toe

5.6 Seepage clear X

5.7 Evidence of contamination X

5.8 Evidence of vegetation kills X

5.9 Soft toe condition X

5.10 Evidence of sloughing X

5.11 Evidence of boils X

5.12 Other unusual conditions X

5.13 Evidence of repairs X Regrading of downstream slope continues

6.0 General

6.1 Associated tailings dam N/A

6.2 Decant structure at this dam X Weir

6.3 Embedded/buried structures X Pipes from new weir (not yet in service). Pipes from

old weir also still present and will need to be
removed/grouted once flow switched to new weir.
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Reclaim Dam

Observed Features Yes No Comment / Note No.
6.4 Spillway at/next to this dam X
6.5 Pipelines at this dam X Pipeline for tailings discharge upstream
6.6 Tailings next to dam inspected X
6.7 Crest accessible by truck X
6.8 Public access to dam X Gated facility
6.9 Any unusual conditions X Turbidity curtain visible. May need some re-

adjustment of anchors to maintain arc around outlet
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Seepage Recovery Dam 2-3

Inspection of Seepage Recovery Dam 2-3

Observed Features | Yes \

No

Comment / Note No.

1.0 (visible part of) Upstream Slope

1.1 Erosion protection

Vegetation

1.2 Evidence of erosion

1.3 Evidence of movement

1.4 Evidence of sloughing

1.5 Evidence of cracking

1.6 Mark of high pond level

1.7 Tailings adjacent to dam

DR R R | R

1.8 Vegetation

Tall grass, brush

1.9 Slope visually uniform

1.10 Other unusual conditions

=

1.11 Evidence of repairs

=

2.0 Crest

2.1 Breach / wash-out

2.2 Lateral movement

2.3 Evidence of settlement

2.4 Evidence of cracking

2.5 Shoulder erosion

2.6 Reduced width

| R | <] X

2.7 Crest visually horizontal

2.8 Other unusual conditions

=

2.9 Evidence of repairs

>

3.0 Downstream Slope

3.1 Erosion protection

Vegetated

3.2 Evidence of erosion

3.3 Evidence of movement

3.4 Evidence of sloughing

3.5 Evidence of cracking

il lle

3.6 Signs of phreatic surface

Wet near toe, but no flow was observed except for
flow at relief wells

3.7 Evidence of seepage

=

3.8 Seepage clear

N/A

3.9 Vegetation

3.10 Slope visually uniform

3.11 Other unusual conditions

3.12 Evidence of repairs
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Seepage Recovery Dam 2-3

Observed Features

Yes

No

Comment / Note No.

4.0 Left and Right Abutments

4.1

Evidence of seepage

=

4.2

Seepage clear

N/A

43

Evidence of erosion

4.4

Evidence of cracks

4.5

Evidence of movement

4.6

Evidence of settlement

4.7

Other unusual conditions

4.8

Evidence of repairs

| R | <]

5.0 Downstream Toe (Sand and Gravel Construction)

5.1

Toe drain exists

N/A

52

Toe drain working well

N/A

Relief wells flowing

53

Toe ditch exists

Small channel, difficult to see due to vegetation

54

Flow in toe ditch

Water in areas that are low, with cattails

5.5

Evidence of seepage

Relief well flow

5.6

Seepage clear

X | R

5.7

Soft toe condition

5.8

Evidence of sloughing

59

Evidence of boils

5.10 Other unusual conditions

5.11 Evidence of repairs

| PR PR | X

6.0 General

6.1

Associated tailings dam

6.2

Decant structure at this dam

6.3

Embedded/buried structures

6.4

Spillway at/next to this dam

6.5

Pipelines at this dam

| R R R

6.6

Tailings next to dam inspected

N/A

6.7

Crest accessible by truck

6.8

Public access to dam

=

Gated facility

6.9

Any unusual conditions
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Appendix B

Photographs



Dam 1 Photographs

Looking west along the toe of Dam 1

Looking east at toe of east end of Dam 1



Dam 1 Photographs

Upstream side of west weir at Dam 1



Dam 1 Photographs

Looking downstream at channel to divert seepage recovery ditch water away from west end
of Dam 1



Dam 1 Photographs

Looking east along seepage recovery ditch with sporadic brush and abundance of algae at Dam 1



Dam 1 Photographs

Looking west along seepage recovery ditch at Dam 1

Looking west along seepage recovery ditch from near east weir at Dam 1



Dam 1 Photographs

Weir at east end of seepage recovery ditch for main segment of Dam 1



Dam 1 Photographs

Looking west along crest of Dam 1

Looking west along the filter berm near intersection of Dam 1 and Dam 1E at new section of mulched
super cell beach



Dam 1 Photographs

Looking east at area of new super cell beach where fine tailings were recently spigotted

- -

Access ramp to new super cell beach through filter berm near west end of Dam 1



Dam 1 Photographs

Looking east at filter berm placement at the west end of Dam 1



Dam 1E Photographs

Weir at the eastern end of Dam 1



Dam 1E Photographs

Looking east at seepage collection ditch at the east end of Dam 1

Looking west along upstream side of seepage collection ditch at eastern end of Dam 1



Dam 1E Photographs

Looking east at brush on the core near the eastern end of the east part of Dam 1



Dam 1E Photographs

Looking east along clay core from the central area of the eastern portion of Dam 1

Looking west along downstream slope of eastern portion of Dam 1



Dam 1E Photographs

Looking west at downstream slope of the eastern end of Dam 1

Looking northeast at the filter berm and fine tailings in Super Cell Beach area north of the eastern end of
Dam 1



Dam 1E Photographs

Looking east along filter berm at new super cell beach with original super cell beach in the distance at
the eastern end of Dam 1

Looking west along the crest of the eastern end of Dam 1



Dam 2 Photographs

Looking north along drainage ditch at toe of Dam 2



Dam 2 Photographs

Toe ditch just downstream of the east weir at Dam 2



Dam 2 Photographs

East weir for seepage collection ditch at Dam 2

Looking northwest along seepage collection ditch from near east end of Dam 2



Dam 2 Photographs

Brush on core near east end of Dam 2

Looking east along seepage collection ditch at Dam 2



Dam 2 Photographs

Looking east along core at downstream slope of Dam 2



Dam 2 Photographs

Looking west along core at downstream slope of Dam 2

Animal burrows in the filter berm near the weir at the west end of Dam 2



Dam 2 Photographs

Widened area of drainage ditch off the toe of Dam 2 just upstream of seepage recovery pond
2-3 where beaver dams were removed



Dam 2 Photographs

Another area off the toe of Dam 2 just upstream of seepage recovery pond 2-3 where a
beaver dam was removed

Looking west along upstream slope of filter berm at Dam 2



Dam 2 Photographs

Looking east-southeast at upstream slope of the filter berm of Dam 2

Looking south at the beach along the upstream side of Dam 2



Dam 2 Photographs

5

Looking east at the crest of Dam 2

Looking west at some erosion on the filter berm at Dam 2 approximately near station 40+00



Dam 2 Photographs

Looking west at the crest of Dam 2

Recently spigotted beach area in northwest corner of Dam 2



Dam 2 Photographs

Looking east at the seepage cutoff on east side of Dam 2

Looking northwest at the eastern end of Dam 2



Dam 5 Photographs

Looking southeast at downstream slope of Dam 5



Dam 5 Photographs

Looking north at downstream slope of Dam 5

Looking south at downstream slope of Dam 5



Dam 5 Photographs

Looking northwest at recently raised southern portion of the crest of Dam 5

Looking south at recently raised southern portion of Dam 5 near station 14+00



Dam 5 Photographs

Looking southwest at northern portion of the crest of Dam 5 under construction

Looking northwest at clay stockpiled on filter material at Dam 5



Reclaim Dam Photographs

Looking northwest at downstream slope of the reclaim dam

Looking west at crest along east-west portion of the reclaim dam



Reclaim Dam Photographs

Looking northwest at pump stations in the southeastern corner of the reclaim pond

Looking south along downstream slope of the reclaim dam



Reclaim Dam Photographs

Looking northeast at downstream slope of the reclaim dam and weir area

Looking northeast at the crest of the reclaim dam



Reclaim Dam Photographs

Looking south at crest and upstream slope of the reclaim dam

Looking west-southwest at the fine tailings beach from near station 28+00



Reclaim Dam Photographs

Looking north at the crest and upstream slope of the reclaim dam from near the southwest corner of
the dam

Looking northwest at the upstream slope of the reclaim dam from the adjacent beach approximately
near station 17+00



Reclaim Dam Photographs

Looking southwest at super cell beach at upstream side of the reclaim dam from approximate station
13+00



Seepage Recovery Dam 1A Photographs

Looking west at upstream slope of dam

Looking east at crest and upstream slope of dam



Seepage Recovery Dam 1A Photographs

Flooding at west end of the toe of the dam, by monitoring wells



Seepage Recovery Dam 1A Photographs

Monitoring well off the toe of the dam with locked cap



Seepage Recovery Dam 1B Photographs

Downstream slope of dam looking east



Seepage Recovery Dam 1B Photographs

New monitoring wells at the toe of the dam

Looking east at the downstream slope and crest of the dam



Seepage Recovery Dam 2-3 Photographs

Looking east at the upstream slope of the dam

Dam crest looking west



Seepage Recovery Dam 2-3 Photographs

Downstream slope of dam looking east

Downstream slope looking west



Seepage Recovery Dam 2-3 Photographs

Relief wells at the dam toe



Diversion Dike 1C Photographs

Looking east at crest of diversion dike

Looking east at downstream slope of diversion dike



Diversion Dike 1C Photographs

Looking west at crest and tree on upstream slope of diversion dike



Diversion Dike 2 Photographs

Inlet structure from previous construction



Diversion Dike 2 Photographs

Dam crest

Downstream slope



Diversion Dike 3 Photographs

Diversion dike crest

Trees on the upstream slope
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Milepost 7 Tailing Basin 2018 Conditions Drawings
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(report and data only)



engineering and environmental consultants

December 31, 2018

Mr. Dan Scamehorn
Northshore Mining Company
10 Outer Drive

Silver Bay, MN 55614

Re: Fall 2018 Milepost 7 Tailings Basin Instrumentation

Dear Mr. Scamehorn:

Fieldwork for the fall monitoring event was completed by Barr
Engineering Co. (Barr) on November 5 and 6, 2018 for the
Milepost 7 Tailings Basin at the Northshore Mining Company
(NSM) facility in Silver Bay, Minnesota. This monitoring event
is part of a bi-annual instrumentation monitoring program for
the basin. This letter includes the field data, data analysis, and
interpretation.

Field Data

Data was collected from piezometers, relief wells, and
inclinometers located on Dam 1, Dam 2, Dam 5, and the
Reclaim Dam as well as Seepage Recovery Dams 1A and 2-3.
Data from seepage channel weirs on Dam 1 and Dam 2 were
also collected. The attached charts depict the data collected
during the monitoring event. NSM provided pond levels.

Analysis and Interpretation
Piezometers
Data Presentation

The attached figures graphically present measured
piezometric levels versus the date. Graphs showing the
recorded piezometric levels versus the adjacent tailing
pond (cell) level for Dams 1, 2, and 5, as well as the Reclaim
Dam are also attached. The piezometric levels from Dam 1
are compared to Cell 1 (south pond), Dam 2 levels are
compared to Cell 4 (north pond), Dam 5 levels are
compared to the average levels of Cells 1 and 4 as well as
the reclaim pond, and the Reclaim Dam is compared to

resourceful. naturally. BARR
—

Action Item Highlights:

e Maintain Dam 5 toe seepage pond at a
minimum elevation of 1,181 feet.

*  Continue review of VW piezometer
connections to the data loggers at the
crests of Dam 1 and Dam 2

e Lengthen and connect wire for D1-
3300R1200 Upper Clay to data logger

e Replace inclinometers 104-2 and 113-2 at
Dam 5

*  Clean out weirs at Dam 1 to prevent
seepage backup and allow representative
monitoring

e Continue to install data loggers for
remaining/new VW piezometers. Install
remaining components for real-time
monitoring system.

e Set action levels for downstream slope and
toe piezometers for Dam 1, Dam 2, and
Dam 5 relative to dam stability based on
data logger information as available over
the next couple years.

e Repair relief well R-11 at Dam 1.

¢ Install additional piezometers at/beyond
toe of dam at Dam 2 to monitor uplift
pressures.

e Use data from VW piezometers installed at
the toes of the seepage recovery dams in
the fall of 2018 for seepage/stability
analyses.

e Update construction tracking log to
document the reasons for fluctuations in
instrumentation, such as pumping from
seepage ponds, placement of aggregate,
etc. (possible Hibtac-like monitoring
systems)

¢ Install inclinometers (MEMS-based) with
datalogging/automation capabilities within
existing inclinometer casings over the next
few years.

*  Replace non-functional pneumatic
piezometers with VW piezometers over the
next several years.

Barr Engineering Co. 4300 MarketPointe Drive, Suite 200, Minneapolis, MN 55435 952.832.2600 www.barr.com
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levels for Cell 1 and the reclaim pond. The graphs note some distinction between Cells 1 and 4 since
in the past slight variations between the ponds have existed; however, these cells are currently
connected via culverts beneath the splitter dike, and for 2018 the Cell 4 pond elevation was assumed
to be at the same elevation as Cell 1. Plots of field data for the instruments on seepage recovery
dams 1A and 2-3 are also attached.

Data ranges for the graphs have been adjusted to increase viewing resolution, which resulted in
presented graph data range variations between locations. In some cases, pond surface elevations
recorded prior to installation of the instrument(s) are shown to illustrate historic variations in pond
levels. Corresponding seepage recovery pond elevations, Dam 5 toe pond elevations, and/or reclaim
pond elevations are also shown on select graphs as applicable for comparison. Pond elevation data
recorded by NSM on the date closest to the instrument readings were used for comparison. Data
from nearby VW piezometers is shown on select graphs for comparison to readings from pneumatic
and Casagrande instruments, as well.

Dam 1

Data were recorded from Casagrande, pneumatic, and vibrating wire (VW) piezometers present on
Dam 1, which are mainly located along dam centerline stations 28+40 and 35+00. As noted in the
spring 2018 monitoring report, data loggers were connected to VW piezometers at Dam 1 in the fall
of 2017 and spring of 2018.

Most of the readings from the instruments at Dam 1 are relatively consistent with past data. The fall
2018 reading for 2F-P2 (pneumatic), located at the toe of Dam 1, indicated a slightly lower reading
than the spring of 2018, though was still higher than historical data. As mentioned in the spring 2018
report, however, readings from the recent past from this piezometer have been inconsistent while
readings from nearby VW piezometer D1-3600R1200T have been relatively consistent, indicating 2F-
P2 may be malfunctioning. This piezometer was installed in 1996 and may be nearing the end of its
operational life.

Data from VW piezometers located at station 35+00 approximately 100 feet downstream of the dam
centerline (D1-3500R100A) indicated a rise in piezometric elevations in the summer of 2018 followed
by a reduction. This is consistent with filter material hauling and placement activities at the west end
of Dam 1 along with placement of backer material between the railroad grade and filter berm in the
summer of 2018 and associated subsequent porewater pressure dissipation after construction
activities were completed for the year.

Two nests of new instruments were also installed in the summer of 2018 at the crest and mid-slope of
the east end of Dam 1 along station 90+50 in line with the nest installed at the toe in the fall of 2017.
Data loggers were also connected to these instruments. Readings for all three sets of instruments
over the duration between the time of installation and the spring monitoring event indicate relatively
consistent readings.
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Dam 2

Data from Casagrande, pneumatic, and VW piezometers present at Dam 2 were recorded during the
fall 2018 monitoring event, as well. These instruments are mainly located along dam centerline
stations 34+75 and 42+00. Similar to Dam 1, data loggers were connected to VW piezometers on
Dam 2 in 2017 and 2018. Readings for instruments located along both stations 34+75 and 42+00
mainly appeared consistent with past readings.

The fall 2018 reading for pneumatic piezometer 3E-P1 located in the lower part of the clay at the toe

of the dam remained similar to past readings. A reading was again not able to be collected from 3E-

P2, similar to the spring of 2018. A reading was able to be collected from 3E-P2 in 2017 after 3 years
of not being able to record data; however, given the most recent reading attempts and history before
2017, this instrument may be no longer operable. A VW piezometer within the nest at D2-3475R1000
was installed in the clay in 2015 which is relatively close to 3E-P2 and at a similar elevation. This VW

instrument is considered to have replaced 3E-P2.

Readings again were not able to be collected from 4H-P2, located in the lacustrine clay about 450
feet downstream of the dam centerline, during the fall 2018 monitoring event. Readings that have
been able to be collected since the spring of 2014 have been significantly higher and erratic
compared to the readings from adjacent VW piezometers, indicating this instrument is likely
malfunctioning. The adjacent VW piezometer in the clay that is part of the nest installed in 2015 (D2-
4200R450) has essentially replaced 4H-P1 (considered inoperable) and 4H-P2. The fall 2018 reading
from pneumatic piezometer 4E-P1, in the lacustrine clay near the toe of the dam, continued to be
similar to readings from an adjacent VW piezometer also installed in the clay in 2015.

Data from Casagrande piezometer 3B-P1 in the till along station 34+75 and just downstream of the
clay core indicated a similar reading in the fall of 2018 to those in 2017 and the spring of 2018. Since
the fall of 2016, the piezometric heads in this instrument have been a bit higher than historic data.
One VW piezometer is included in the till in a nest located upstream of the clay core at nearby D2-
3475R450. Although some stockpiling/hauling activities had appear to have caused temporary
increases in the piezometric head in the 2017 and the spring of 2018, similar activities did not occur
in the fall of 2018. This instrument may be deteriorating.

Dam 5

Data were recorded from two VW piezometer nests at Dam 5 along dam centerline station 14+00. At
the time of the monitoring event, wires for VW piezometers along station 24+00 (D5-2400R200) were
observed to be buried by dam fill. NSM informed Barr that the wires for D5-2400R200 were
subsequently unearthed; however, these instruments were inaccessible and again partially buried in
the fall of 2018. Barr will work with NSM to reach these piezometer for the spring 2019 monitoring
event.
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As discussed in the spring 2018 report, NSM placed a significant amount of fill material beyond the
planned 6H:1V slope matching the dam crest elevation of 1,235 feet over the winter of 2017-2018.
Barr subsequently performed stability analyses and worked with NSM to develop a plan to move this
excess fill material to the crest of Dam 5 as part of the crest raise to 1,245 feet. Data recorded from
the VW piezometers at station 14+00 at Dam 5 show responses to movement of this excess fill over
the spring and summer as well as construction over the summer and fall of 2018 to raise the dam
core and adjacent filter.

NSM is maintaining the toe seepage pond at an elevation of at least 1,181 feet as recommended in
the spring 2017 monitoring report based on the provided seepage pond elevation data. Historically,
readings from the VW piezometers at station 14+00 approximately 90 feet upstream of the centerline
(D5-1400L90) follow the trends of the reclaim pond surface, while readings at the dam toe at the
same station (D5-1400R400) follow the toe seepage pond. As was seen in the readings over the
winter and spring, response to recent construction events overshadowed the response to pond
fluctuations between the spring and fall monitoring events, especially for the VWs at D5-1400R400.

Reclaim Dam

Data were recorded from the nest of VW piezometers located approximately 20 feet downstream of
the dam centerline at station 37+00. Consistent with historical readings, VW piezometer readings at
station 37+00 generally appear to follow the trend of the elevation of the reclaim pond. As readings
have not been able to be recorded since the spring of 2016 from VW piezometers located at station
27+00 due to apparent wire burial, these instruments should be replaced. Installation of piezometers
at station 15+00, along the east-west section of the dam, within the next few years would also be
advantageous to monitor piezometric heads during the next raise of the reclaim dam. An
instrumentation plan will be developed in 2019.

Seepage Recovery Dams

Data were recorded from Casagrande piezometers present at seepage recovery dam 1A, located
downstream of the western portion of Dam 1, and seepage recovery dam 2-3, located downstream of
Dam 2. Piezometric heads from most of these instruments have typically fluctuated a few to several
feet between monitoring events in the past. Readings from P19A and P20A, located at the toe of
seepage recovery dam 1A, continue to be at a consistent elevation, with the piezometric head for
P20A higher than the seepage recovery pond elevation and the piezometric head for P19A a few feet
lower than the pond.

Piezometric elevations for Casagrande piezometers at seepage recovery dam 2-3 appear consistent
with historical data with the exception of P22B. The reading from this instrument indicates the
piezometer was dry during the monitoring event, which has not occurred in the past at this dam,
though a similar situation was observed for the fall 2012 monitoring event at seepage recovery dam
1A. An attempt was made to check the reading on this instrument in December 2018; however,
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measurement sensor could not be extended more than a few feet down the standpipe due to an
apparent ice piece blockage. This instrument will be re-checked after the spring thaw.

As has been noted for the past several monitoring events, apparent artesian conditions have been
observed in the monitoring wells at the toe of seepage recovery dam 1A and 1B and flowing relief
wells are present at the toe of seepage recovery dam 2-3. To better assess conditions at the toe of
all three seepage recovery dams, a nest of VW piezometers was installed at the toe of each of these
three dams in the late fall of 2018. Information from these piezometers will be incorporated into the
spring 2019 monitoring event.

Equipment

Difficulties were encountered reading several of the instruments at the site during the spring 2018
monitoring event. These instruments are discussed for each associated dam below.

Dam 1

The fall 2018 reading for Casagrande piezometer 3B-P1 on the downstream slope of Dam 1 is
relatively similar to the 2017, 2016, 2015, and pre-2012 elevations and the recorded length of this
instrument for the fall monitoring event is also consistent with measurements from the 2015, 2016,
2017, and spring 2018 readings. Depth measurements in 2014 indicated an apparent increase in
length compared to historic data, and in 2012 and 2013, there were several instances of the water
level indicator equipment becoming stuck in the standpipe at a depth of about 10 feet. These
conditions may point to this instrument becoming deteriorated and/or a casing separation. Similarly,
the depth and reading recorded for 2B-P3 increased starting in the spring of 2013, though has
remained consistent since then. Due to an increase in length over the last several years, the accuracy
of readings is still suspect. As previously recommended over the past few years, the role of both 3B-
P1 and 2B-P3 piezometers should be evaluated during subsequent Dam 1 model updates to
determine if these instruments should be replaced or abandoned.

A reading was again able to be recorded for Casagrande piezometer 5A-P0 on Dam 1. Although data
has been recorded from this instrument for the last several monitoring events, data from this
instrument was not able to be collected between the fall of 2011 and spring of 2014. As such, the
trend of functionality of this instrument is suspect and this piezometer may be abandoned in the
future.

As has been the case for the last several monitoring events, no readings were able to be collected
from pneumatic piezometers 2H-P1, 2K-P1, 3K-P2, and P97-10B. Piezometers 2K-P1 and 3K-P2 are
both located upstream of the dam core along stations 28+40 and 35+00, respectively, approximately
350 feet downstream of the filter berm centerline. Readings have not been able to be collected from
these instruments for the last several monitoring events due to the pressure not releasing from the
sensor during the reading process indicating these instruments are likely plugged and are considered
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inoperable. Piezometer 2H-P1 is located along station 28+40 approximately 750 feet downstream of
the filter berm centerline is broken and has not been operable for the past several monitoring events.
Instrument P97-10B, located along station 28+40 about 80 feet downstream of the filter berm
centerline and has had pressure release problems for the last several monitoring events. This
instrument, along with two other instruments in the same nest, P97-10A and P97-10C, could not be
found during the fall 2018 monitoring event and appear to have been buried during construction
activities over the summer. The fitting for pneumatic piezometer 2F-P2 was replaced in the spring of
2017 and a reading was recorded for the fall 2017, spring 2018, and fall 2018 monitoring events;
however, readings since the spring of 2013 have been inconsistent, making the readings suspect.

The role of instruments that have not been operable for the past several monitoring events, have had
suspect past readings, such as 2H-P1 and 2H-P2, or appear to have been buried should be assessed
during the next Dam 1 seepage analysis and subsequently replaced. Pneumatic instruments for
which unsuccessful reading attempts have been made over the last several monitoring events are
likely failing from corrosion based on discussions with the pneumatic piezometer manufacturer, Slope
Indicator. To protect the instruments that are still functional, countermeasures such as tube caps and
water proof boxes will need to be implemented. These should be implemented within the next year.

The VW piezometer in the upper lacustrine clay within the nest located approximately 100 feet
downstream of the dam centerline (D1-3500R100A) has historically been functional when readings
have been attempted during monitoring events, although a reading was not able to be collected
from this instrument in the spring of 2016. As discussed in the spring 2018 report, readings for some
of these piezometers could not be recorded following data logger installation and subsequent data
logger shifting between locations in February 2018. Functionality review is currently underway to
determine how to resume collection of readings from the piezometer in the upper portion of the fine
tailings, though this variable functionality may be an initial indicator of instrument deterioration.
Future investigation and instrumentation installation planning should include replacement of this
instrument nest.

Readings were not collected from the piezometer installed in the clay at the toe of Dam 1 at station
33+00 (D1-3300R1200) due to the VW cable being disconnected. This instrument cable was
lengthened and connected to the data logger box in December 2018 during some other instrument
updates/repairs and data will be included in the spring 2019 monitoring report.

Dam 2

Data were not able to be collected from pneumatic piezometers 4H-P2, 3E-P2, and P97-19A due to
the pressure not releasing during the reading process. The fitting for piezometer 4F-P1 was replaced
as part of the fall monitoring event and a reading recorded. The fitting for pneumatic piezometer
P97-13 was also replaced.
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As for VW piezometers of the same vintage at the crest of Dam 1, data from some VW piezometers
located approximately 100 feet downstream of the filter berm centerline along station 34+75 (D2-
3475R100B) were not able to be recorded following installation of a data logger. These instruments
will continue to be reviewed, though this variable functionality may be an initial indicator of
instrument deterioration. Future investigation and instrumentation installation planning should
include replacement of this instrument nest, as well.

Consistent with historical performance, data logger readings indicate the VW installed in the sand
seam at the toe of Dam 2 at station 42+00 (D2-4200R1000) continues to be non-functional. The
piezometric level for the nearby P97-12 within the same sand layer is similar to historic readings, and
no functionality issues have been noted for this instrument. Although this instrument currently
appears functional, the other pneumatic piezometers installed at the same time have deteriorated to
the point of becoming nonfunctional over the past several years and this instrument may need to be
replaced in the next few years.

Reclaim Dam

As the ends of the wires for the VW piezometer nest located at station 27+00 were buried during
dam construction in 2016 and have not been able to be unearthered, this instrument could again not
be read. A replacement nest of VW piezometers should be installed, and this new nest should

consider future configuration plans for the reclaim dam.

Dam 5 and Seepage Recovery Dams

No piezometers appeared to be inoperable or damaged at Dam 5 and seepage recovery dam 1A
during the fall 2018 monitoring event. As noted for the spring of 2018, the casing for Casagrande
piezometer P-22A at seepage recovery dam 2-3 was observed to be bent. The reading for this
instrument was also outside of the typical range. This instrument may need to be replaced in the
future.

Equipment Summary

Table 1 below provides a summary of piezometers that are suspected to be malfunctioning or are no
longer functional, as well as the recommended plan of action.
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Table 1: Malfunctioning or Non-Functional Piezometer Summary

Piezometer

Associated

Approximate
Distance from

Instrument Name Station Location . Comments
Type Dam Dam Centerline
(ft)
Mid
5A-PO Casagrande Dam 1 17+00 Downstream 900 Abandon piezometer
Slope
Mid Evaluate role of piezometer during
3B-P1 Casagrande Dam 1 28+40 Downstream 1000 model updates then decide to
Slope abandon or replace
Evaluate role of piezometer during
2B-P3 Casagrande Dam 1 35+00 Toe 980 model updates then decide to
abandon or replace
Evaluate role of piezometer during
2F-P2 Pneumatic Dam 1 35+00 Toe 1290 model updates then decide to
abandon or replace
Piezometer buried; evaluate role of
. Upstream of . .
2H-P1 Pneumatic Dam 1 35+00 Cutoff 760 piezometer during model updates
and decide whether to replace
Piezometer inoperable; evaluate role
2K-P1 Preumatic Dam 1 35400 Upstream of 350 of p|ezometer during model updates
Cutoff and decide whether to abandon or
replace
Piezometer inoperable; evaluate role
. Upstream of ) .
3K-P2 Pneumatic Dam 1 28+40 Cutoff 350 of piezometer during model updates
and decide whether to abandon or
Piezometer buried. Review
. Upstream of )
P97-10B Pneumatic Dam 1 28+40 Cutoff 80 piezometer status for future course
of action
Conti ding data with dat
D1-3500R100 W Darm 1 se.0p | UPstream of 100 | on 'mtje recor 'fng té,’ @ V‘I”t Pal a
+ .
(Upper Fine Tailings) am Cutoff ogger to assess functionali y‘ an
for future replacement of entire nest
D1-3300R1200 Splice on extra wire and connect to
VW Dam 1 33+00 Toe 1200
(Upper Clay) data logger
Evaluate role of piezometer during
3E-P2 Pneumatic Dam 2 34+75 Toe 1020 model updates for next raise then
decide to abandon or replace
. Upstream of .
4H-P1 Pneumatic Dam 2 42+00 440 Abandon piezometer
Cutoff
. Upstream of .
4H-P2 Pneumatic Dam 2 42+00 440 Abandon piezometer
Cutoff
Attempt to read again in Spring
P97-19A Pneumatic Dam 2 34+75 Dam Crest 50 2019. Review piezometer status for
further course of action
Continue recording data with data
D2-3475R100 (nest of 6) VW Dam 2 34+75 Dam Crest 100 logger to assess functionality. Plan

for future replacement of entire nest
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Table 1 (cont.): Malfunctioning or Non-Functional Piezometer Summary

Approximate
Piezometer | Associated ) ) Distance from
Instrument Name Station Location . Comments
Type Dam Dam Centerline
(ft)
Continue data collection with data
D2-4200R1000M1 VW Dam 2 42+00 Toe 1000 logger, though likely will remain non-
functional
Reclai
RD-2700R95 (nest of 3) VW T;alm 27+00 Dam Crest 95 Replace instruments
am
Downstream Continue to read instrument, assess
P-22A Casagrande | SRD 2-3 N/A of Toe, East 150 oo .
role as part of dam stability analysis
End
Inclinometers
Readings

Data collection was attempted at ten inclinometers at the site for the spring 2018 monitoring event.
Barr processed inclinometer data using DMM and Digipro software developed by the Slope Indicator
Company. Systematic errors, such as sensor bias shift, rotation, and casing inclination are common in
inclinometer readings, and it is critical to diagnose and correct such factors. Barr applied corrections
to the data and produced graphs of cumulative displacement for each inclinometer, presented in the
attached figures. Each figure includes two graphs: the left graph represents cumulative displacement
along the A-axis perpendicular to the slope and the right graph shows incremental displacement
along the A-axis perpendicular to the slope.

Inclinometer 110-1 is located on the mid-slope of Dam 1 near Station 35+00. Slight creep has
historically been observed generally between 52 to 58 feet and 104 to 112 feet below the top of
casing since its installation in 2010. Readings indicate no new movement between the spring and
fall 2018. As has been noted previously, some casing drift appears to have occurred in the upper
approximate 5 feet, likely due to freeze/thaw conditions or extension without grout support.

The historical readings collected from inclinometer [13-1, installed in the mid-slope of Dam 1 at
station 28+40 in September 2013, appear to indicate casing settlement may have occurred within a
zone generally between 38 and 60 feet below grade since installation. The rate of casing settlement
appeared to have slowed significantly by early 2014. A comparison of the available readings to the
original baseline reading just after installation appears to indicate depth position error (DPE). This
error was corrected by changing the baseline reading for displacement to May 2014, after the
majority of the settlement already occurred. Based on the data, no movement was observed between
the spring and fall 2018.

No movement was observed for inclinometers 197-1 and 197-3 located at the toe of Dam 1. No
movement was observed in Dam 2 toe inclinometers 197-5 and 197-7 along with Dam 2 midslope



To: Mr. Dan Scamehorn, Northshore Mining Company

From: Sara Leow, PE

Subject:  Fall 2018 Milepost 7 Tailings Basin Instrumentation
Date: December 31, 2018

Page: 10

inclinometer 197-8, as well. Casing disturbances have been indicated by the data at approximately 20’
below the top of casing at 197-1 and at 50 feet below the top of casing at 197-8 that occasionally
result in an inconsistent history of very slight movement. Actual movement of the dam does not
contribute to this reading since movement is not observed during consecutive monitoring events and
occurs at locations with high checksum values (indicating high potential for error in the raw data).
The data for these inclinometers do indicate some casing joint disturbances from age and
compression which do not yet appear to be affecting function. Inclinometer 110-2 is located on the
midslope of Dam 2, in the core just downstream from the seepage collection ditch near station
42+00, and has indicated no significant movement since its installation in 2010. Apparent surface
drift appears to have also occurred for 197-3, 197-5, 197-7, 197-8, and 110-2.

Two inclinometers are located at Dam 5, 104-2 and 113-2. Inclinometer 104-2 is located just
downstream of the Dam 5 core at Station 14+00. An additional 10 feet of inclinometer casing was
added to this instrument due to the raise of the dam crest. Readings continue to indicate a damaged
joint at a depth of about 25 feet below the current top of casing and settlement from approximately
32 to 76 feet below the top of casing. Slight creep movement has been noted in the past between
the depths of 72 and 76 feet below the top of casing, though no significant creep between the spring
and fall of 2017. A comparison of the most recent readings and spring 2018 readings indicates very
slight creep at a depth of approximately 72 feet. Replacement of this instrument is in progress.

Inclinometer 113-2, installed in September 2013, is located on the downstream slope at station 14+00.
Slight creep movement had been intermittently indicated by this inclinometer from 42 to 46 and 50
to 58 feet, though negligible movement was indicated by data recorded in the fall of 2017. An
attempt to read this inclinometer in the spring of 2018 indicated the casing was damaged.
Subsequent use of a video camera to investigate the inclinometer casing condition in the summer of
2018 found the instrument was partially collapsed at depth of approximately 29 feet below grade and
bent at about 37 feet below grade, rendering this instrument inoperable. Replacement of this
instrument is in progress.

Increased frequency of inclinometer readings is recommended for instruments on dams where
construction is taking place, especially for instruments where previous creep movement has been
observed in the past, particularly Dam 1 and Dam 5. Construction at the basin many times is
conducted discontinuously over the late spring, summer, and fall months due to weather, personnel,
material, and operations restrictions, which can make it difficult to plan appropriate inclinometer
reading events. To accommodate this construction situation, remove the need for raising
inclinometer casing, and, though slight as it is, eliminate human error in readings, it is recommended
future basin planning include the installation of micro-electro-mechanical systems (MEMS)
inclinometers. The MEMS are permanent, can be installed in the existing inclinometer casing, and can
be incorporated into a remote monitoring system. NSM and Barr have discussed incorporation of
MEMS sensors at some initial select locations in 2019.
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Equipment

Inclinometer 113-1, located at station 28+40 just north of the seepage collection ditch at Dam 1, is still
functional despite grooves potentially being damaged at a few intervals. Extra care in consideration of
this condition should continue to be exercised when recording readings.

As noted in several of the past monitoring reports, inclinometer 104-2 should be replaced. Provisions for a
replacement inclinometer are currently underway and will be discussed in the spring 2019 monitoring
report.

As mentioned above, the casing for 113-2 was rendered inoperable due to damage at approximately
29 and 37 feet below grade. Provisions for a replacement inclinometer are also underway at this
location.

A video camera was used to assess the condition of 197-1 and 197-3, both located at the toe of Dam
1, during the fall 2018 monitoring event. Based on this footage, 197-1 appears to be in acceptable
condition, though some groove wear is evident. The casing extensions for [197-1 appear to be
completely extended, indicating consolidation has not been measured since installation. There also
appears to be a small crack just above a casing connection near a depth of approximately 24 feet
below grade. Although this crack doesn’t appear to be affecting functionality, it is a sign of
deterioration. In 197-3, it appears the extension nub near a depth of 9 feet may have become
disconnected. Other casing extensions appear to be completely extended.

Review of inclinometers 197-5 and 197-7 in the fall of 2017 indicated 197-5 may be cracked and 197-7
has some groove wear and the casing extensions are completely extended. These instruments along
with 197-1 are good candidates as some of the first older inclinometers to be replaced with an
automated Shape Accelarray (SAA). Development of a plan for automating inclinometers is underway
and initial installation is planned for 2019.

Reading and Equipment Summary

Table 2 provides a summary of the inclinometers at Milepost 7.
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Table 2: Inclinometer Summary

Total
Inclinometer Location Depth Fall 2018 Observation
(feet)
Dam 1 toe No movement observed. Potential small cracks observed at about 24 feet.
197-1 Sta 28+4OI 38 Groove wear and fully extended casing extensions also observed. Plan for
' future installation of MEMS equipment.
Dam 1 mid-
113-1 slope, Sta. 134 No movement observed.
28+40
Dam 1 toe No movement observed. Apparent drift from freeze/thaw and/or extension
197-3 Sta 35+00' 32 without grout in upper portion. Groove wear and fully extended casing
' extensions observed. Plan for future installation of MEMS equipment
Dam 1 mid- . .
No movement observed. Apparent surface drift from freeze/thaw in upper
110-1 slope, Sta. 118 .
portion.
35+00
197-5 Dam 2 Toe, 34 No movement observed. Apparent drift from freeze/thaw and/or extension
Sta. 42+00 without grout in upper portion.
Dam 2 mid- .
am e m No movement observed. Apparent drift from freeze/thaw and/or
110-2 slope, Sta. 78 . . . .
extension without grout in upper portion.
42+00
197-7 Dam 2 toe, 34 No movement observed. Apparent drift from freeze/thaw and/or extension
Sta. 34+75 without grout in upper portion.
Dam 2 mid-
am e m No movement observed. Apparent drift from freeze/thaw and/or extension
197-8 slope, Sta. 68 without grout in upper portion
34+75 E P ’
113-2 Dam 5 toe, 7 Inclinometer damaged and no longer operational. Replacement in
Sta. 14+00 progress.
Dam 5 crest Slight creep at 72 feet. 10 ft of casing added in summer 2018. Casing is
104-2 Sta. 14400 ' 98 damaged at joint 25 feet from top of casing. High curvature above 25 feet,
’ but instrument still functioning. Replacement in progress.
Relief Wells

Following the methodology since the fall of 2015, the relief wells were not plugged to record water
levels as part of the fall 2018 monitoring event to prevent increasing porewater pressures in dam
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foundation soils. Flow rates were still documented where well outlets were accessible and/or above
the adjacent pool level.

The flow rates for relief wells R-1, R-3, R-4, and R-5 were all higher than in the spring of 2018, though
within the historic data range for the instrument. Flow rates could not be recorded for relief wells R-
6, R-7, R-11, and R-12 at Dam 1 due to the outlets being below the water surface of the adjacent
pool. The standpipe for R-11 is also disconnected/damaged and should be repaired.

At the toe of seepage recovery dam 2-3, the outlets for relief wells R-12 and R-13 were under the
water surface of the adjacent pool. This scenario has been the case since 2009 for R-12 and 2010 for
R-13.

Seepage Channel Weirs

Measurements of the flow over the seepage channel weirs were recorded and are depicted in the
attached graphs. A measurement could not be made for the weir at the west end of the main portion
of Dam 1 due to an abundance of algae, cattails, and branches that collected in and around the weir
notch. A flow rate significantly higher than the spring of 2018 was recorded for the east weir;
however, this reading was likely also affected by a large build-up of algae in the weir notch. The
weirs as well as areas upstream and downstream should be cleared of algae, cattails, and any other
debris to allow measurements to be recorded.

Weir measurements indicate total seepage flow in the channels was approximately 1,024 gpm at
Dam 1, excluding flow for the west weir and including the apparent increased flow for the east weir.
For Dam 2, weir flow in the channels indicate a total seepage flow of approximately 832 gpm, which
falls within the typical range of historical seepage channel flow. Variations in flow are generally due
to precipitation on the dam face and crest above the channel.

Summary and Recommendations

Data from all of the piezometers, inclinometers, relief wells, and weirs at the basin were recorded
during the fall 2018 monitoring event conducted in early November. The majority of piezometer
readings for Dam 1, Dam 2, Dam 5, the reclaim dam, and the seepage recovery dams are generally
consistent with past readings.

Data recorded for VW piezometers at the crest of Dam 1 (D1-3500R100A) indicated higher
piezometric elevations likely related to backer and filter berm material placement as well as
associated material hauling between the spring and fall monitoring events. Increases in piezometric
heads were also recorded over the summer and fall at Dam 5, especially for the VW piezometers in
the nest approximately 400 feet downstream of the dam centerline. The response of these
piezometers matches material placement and movement related to construction NSM indicated has
occurred and/or Barr has observed at this dam over the summer and fall of 2018.
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Nests of VW piezometers at the crest of Dam 1 and Dam 2 where some data reading problems have
been encountered were installed in 2005. As these reading issues may be an early sign of
deterioration, instrumentation planning should consider replacement of these instruments within the
next several years.

As has been noted for previous monitoring events, pneumatic piezometers at both Dam 1 and Dam 2
appear to be deteriorating. Some of the pneumatic piezometers with non-functional and/or of
suspect functionality were replaced with VW piezometers in 2015. Since the deterioration is likely
caused by corrosion, countermeasures such as tube caps and water proof boxes will need to be
implemented to protect instruments that are still functional. One of the VW piezometers installed in
a sand layer at the toe of Dam 2 in 2015 remains non-functional and will need to be replaced if the
adjacent pneumatic piezometer installed in the same sand layer starts showing signs of deterioration.
A couple of the Casagrande piezometers also appear to potentially be deteriorating and their role for
dam analyses should be assessed.

Readings from the VW piezometers at station 37+00 for the reclaim dam appear similar to previous
readings. Since the wires for the VW piezometers at station 27+00 were lost in 2016, a new nest of
VWs should be installed as a replacement in an acceptable location considering the potential future
reconfiguration of the reclaim pond.

Piezometer readings from Casagrande piezometers at seepage recovery dam 1A and 2-3 appear
generally consistent with past readings; the exception is P-22B at seepage recovery dam 2-3 in which
no water was present. Readings from some of the piezometers located at the toe of seepage
recovery dam 1A continue to be similar to the pond elevation for the adjacent seepage recovery
pond. Fieldwork to install VW piezometers at the toes of the seepage recovery dams was completed
in late fall 2018, and data will be reviewed and discussed as part of the spring 2019 monitoring event.

Bi-annual monitoring, including downloading of data from data loggers not connected to the near
real-time monitoring system, should continue during bi-annual monitoring events unless
instrumentation or observations indicate potential for instability, at which point more frequent
monitoring should occur. Readings should be recorded monthly during material placement or other
construction activities for instruments near construction locations. Reading frequency should be
increased to weekly, or as otherwise recommended for observed conditions, for the duration of
construction if movement is shown to increase during construction. These reading intervals could be
achieved by using remote monitoring with data frequency adjusted from the office rather than site
visits.

Data from the relief wells appeared similar to historic data. Several relief wells were not accessible or
read due to water pooling at the well outlets. The standpipe for relief well R-11 at Dam 1 should be
repaired.

Algae and cattails need to be cleared out of the weirs at Dam 1 to accommodate measurements and
prevent water build-up in the seepage collection ditches. Total flow of seepage water over the weir
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at the east end of Dam 1 and for Dam 2 varied as typically observed during past monitoring events.
Excluding the apparent unrepresentative data from the weirs for the main part of Dam 1, seepage
rates were within the general range of historic data.

No movement was recorded for the majority of inclinometers considering data compared between
the spring and fall 2018 monitoring events. Slight creep was indicated at a depth of about 72 feet in
[04-2 on the crest at Dam 5. The upper portion of inclinometer 104-2 is curved towards the dam core,
and a replacement inclinometer is in progress. Inclinometer [13-2 has been damaged to the point
where it is inoperable and a replacement is in progress. Apparent casing drift, likely due to freeze-
thaw and/or absence of grout when instruments were raised for dam raises, was observed for the
upper portion of several inclinometers, as well.

Table 4 provides a summary of action items.

Table 4: Action Items

# Action Item Action Timeframe
Maintain Dam 5 toe seepage pond surface at a minimum )

1 ) Ongoing
elevation of 1,181 feet.

5 Continue review of VW piezometer connections to the data i
loggers at the crests of Dam 1 and Dam 2
Lengthen and connect wire for D1-3300R1200 Upper Clay to data

3 Late Fall 2018
logger

4 Replace damaged inclinometer 113-2 at Dam 5 In Progress

5 Replace inclinometer 104-2 at Dam 5 In Progress
Continue to install data loggers for remaining/new VW

6 piezometers. Install remaining components for real-time ~Late 2018-2020
monitoring system.

7 Clean out weirs at Dam 1 Winter 2018-2019
Set action levels for downstream slope and toe piezometers for

8 Dam 1, Dam 2, and Dam 5 relative to dam stability, using data ~2019-2020
logger information as available.

9 Repair relief well R-11 at Dam 1 2018/2019
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Table 4 (cont.): Action Items

# Action Item Action Timeframe

Install additional piezometers at/beyond the toe of Dam 2 to

10 . .
monitor uplift pressures.

2019/2020

Perform seepage and stability analyses for the seepage recovery
11 dams incorporating information from new VW piezometers 2018/2019
installed in the late fall of 2018

Update construction tracking log to allow documentation of
12 reasons for instrumentation fluctuations, such as pumping from Ongoing
seepage ponds, placement of aggregate, etc.

Replace piezometers at station 27+00 and install a VW nest at
13 . . ~2018-2020
station 15+00 at the reclaim dam

Install inclinometers with datalogging/automation capabilities

14
(MEMS) within existing inclinometer casings

~Early 2019-2023

Replace non-functional pneumatic piezometers with VW
15 ) ~2019-2025
piezometers

Attempt to read piezometers from which data could not be

16 L Spring 2019
recorded as part of the fall 2018 monitoring event. i

17 Record data from pneumatic piezometers adjacent to newly Ongoing as pneumatic
installed vibrating wire piezometers to allow data comparison equipment is functional

18 Implement protective measures for functional pneumatic S
piezometers to reduce degradation rate

Closing

This report represents findings based on the data collected during the fall 2018 monitoring event. If
you have any questions, please contact me at 218-529-7125 and/or sleow@barr.com.
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Sincerely,

Sara L. Leow, P.E.
Geotechnical Engineer

Attachments:
Instrumentation Maps
Piezometer Charts
Relief Well Charts
Weir Charts
Inclinometer Charts
Certification

| hereby certify that this report was prepared by me or under my direct supervision and that | am a duly
licensed Professional Engineer under the laws of the State of Minnesota.

Sara L. Leow, P.E.
License No.: 47103
Date: December 31, 2018
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Groundwater Elevation Indicated by Piezometer (ft)

Northshore Mining Company - Milepost 7 Tailing Basin

Adjacent Cell Pond Levels vs. Groundwater Elevations Indicated by Pneumatic Piezometers

Dam 1 1996 Installations - Sta. 35+00
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Piezometric Elevation (Feet)

Northshore Mining Company - Milepost 7 Tailing Basin
Dam 1 Pneumatic Piezometers
1997 Installations - Sta. 35+00
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Groundwater Elevation Indicated by Piezometer (ft)
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Northshore Mining Company - Milepost 7 Tailing Basin
Adjacent Cell Pond Levels vs. Groundwater Elevations Indicated by Pneumatic Piezometers

Dam 1 1997 Installations - Sta. 35+00
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Piezometric Elevation (ft)

Northshore Mining Company - Milepost 7 Tailing Basin
Dam 1 Vibrating Wire Piezometers
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Groundwater Elevation Indicated by Piezometer (ft)

Northshore Mining Company - Milepost 7 Tailing Basin
Adjacent Cell Pond Levels vs. Groundwater Elevations Indicated by Vibrating Wire Piezometers
Dam 1 Sta. 35+00R100
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Piezometric Elevation (Feet)

Northshore Mining Company - Milepost 7 Tailing Basin
Dam 1 Pneumatic Piezometers
1997 Installations - At Toe
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Groundwater Elevation Indicated by Piezometer (ft)

Northshore Mining Company - Milepost 7 Tailing Basin
Adjacent Cell Pond Levels vs. Groundwater Elevations Indicated by Pneumatic Piezometers
Dam 1 1997 Installations - At Toe
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Piezometric Elevation (ft)

1225

1215

1205

1195

1185 A

1175

1165 A

1155

1145

1135

1125

Northshore Mining Company - Milepost 7 Tailing Basin

Dam 1 Vibrating Wire Piezometers
Piezometric Elevations
All Toe Piezometers

Cell 1 Pond Level

.MHW

'.-.ﬂ‘.. o0 o

.W

—=— D1-2400R1200T Clay (Tip EL 1,125.8 ft)
—o— D1-3300R1200T Upper Clay (Tip EL 1,123.3 ft)
e D1-2750R1200T Clay (Tip EL 1,121.08 ft)
—— D1-2400R1200B Till (Tip EL 1,113.8 ft)

—=— D1-3300R1200B Lower Clay (Tip EL 1,111.3 ft)
—»— D1-2550R1200B Till (Tip EL 1,109.4 ft)

+  Seepage Recovery Pond 1A Level

——————— Lowest Toe Relief Well Outlet Elevation (R-8)

D1-3600R1200T Clay (Tip EL 1,124.95 ft)

et D1-2550R1200T Clay (Tip EL 1,121.4 t)

D1-3050R1200T Upper Till (Tip EL 1,117.55 ft)
D1-3600R1200B Till (Tip EL 1,113.7 ft)
—e— D1-2750R1200B Till (Tip EL 1,110.08 ft)
D1-3050R1200B Lower Till (Tip EL 1,107.05 ft)

————— Highest Toe Relief Well Outlet Elevation (R-1)

Data Loggers added

February 2018

1225

1215

1205

1195

1185

1175

1165

1155

- 1145

- 1135

1125

Pond Elevation (Feet)



Groundwater Elevation Indicated by Piezometer (ft)

Northshore Mining Company - Milepost 7 Tailing Basin

Adjacent Cell Pond Levels vs. Groundwater Elevations Indicated by Vibrating Wire Piezometers
Dam 1 All Toe Piezometers
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Piezometric Elevation (Feet)

Northshore Mining Company - Milepost 7 Tailing Basin
Dam 1 Casagrande Piezometric Elevations - Various Locations
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Groundwater Elevation Indicated by Piezometer (ft)
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Piezometric Elevation [feet]
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Dam 1 (East End) Vibrating Wire Piezometers
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Groundwater Elevation Indicated by Piezometer (ft)

Northshore Mining Company - Milepost 7 Tailing Basin
Adjacent Cell Pond Levels vs. Groundwater Elevations Indicated by Vibrating Wire Piezometers
Dam 1 (East End) Sta. 90+50
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Dam 2 Piezometers



Piezometric Elevation (Feet)

Northshore Mining Company - Milepost 7 Tailing Basin
Dam 2 Pneumatic Piezometers
(with Select VW Data for Comparsion)
Piezometric Elevations

1996 Installations - Sta. 34+75
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Groundwater Elevation Indicated by Piezometer (ft)

Northshore Mining Company - Milepost 7 Tailing Basin
Adjacent Cell Pond Levels vs. Groundwater Elevations Indicated by Pneumatic Piezometers
Dam 2 1996 Installations - Sta. 34+75
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Piezometric Elevation (Feet)

Northshore Mining Company - Milepost 7 Tailing Basin
Dam 2 Pneumatic Piezometer Pore Pressures
(With Select VW Data for Comparison)
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Groundwater Elevation Indicated by Piezometer (ft)

Northshore Mining Company - Milepost 7 Tailing Basin
Adjacent Cell Pond Levels vs. Groundwater Elevations Indicated by Pneumatic Piezometers
Dam 2 1997 Installations - Dam 2 Station 34+75R50
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Piezometric Elevation (ft)

Northshore Mining Company - Milepost 7 Tailing Basin
Dam 2 Vibrating Wire Piezometers
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Groundwater Elevation Indicated by Piezometer (ft)

Northshore Mining Company - Milepost 7 Tailing Basin
Adjacent Cell Pond Levels vs. Groundwater Elevations Indicated by Vibrating Wire Piezometers
Dam 2 Sta. 34+75R100
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Groundwater Elevation Indicated by Piezometer (ft)
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Groundwater Elevation Indicated by Piezometer (ft)
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Groundwater Elevation Indicated by Piezometer (ft)
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Groundwater Elevation Indicated by Piezometer (ft)

Northshore Mining Company - Milepost 7 Tailing Basin
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Groundwater Elevation Indicated by Piezometer (ft)

Northshore Mining Company - Milepost 7 Tailing Basin

Adjacent Cell Pond Levels vs. Groundwater Elevations Indicated by Vibrating Wire Piezometers
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Seepage Recovery Dam Piezometers
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Seepage Recovery Dam 1A Casagrande Piezometric Elevations
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Dam 1 Relief Well Discharge Data
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Northshore Mining Company - Milepost 7 Tailing Basin
Dam 2 Relief Well Discharge Data
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Northshore Mining Milepost 7 Tailing Basin

Dam 1 Weir Flow Rates
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Northshore Mining Milepost 7 Tailing Basin

Dam 2 Weir Flow Rates
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Inclinometer Charts
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