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FIGURE  3-1 
MINING  PROCESS 
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FIGURE  3-2 
PROJECT  CONSTRUCTION S CHEDULE 
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FIGURE  3-3 
SIMPLIFIED  PROJECT  WATER S CHEMATIC 

TWIN METALS MINNESOTA 

Scale: Date: SEPTEMBER 2019 NOT TO SCALE 



! 

! 

! 

NFR 1900 

S K
AW

ISH
IWI
RD 

! ! 

! ! 

! 

!
 ! 

! 

FOREST
RD

14
94
 

! 

!
 

! 

Ventilation Raise Site 3 
-Exhaust Raise 

Gate 
Parking

Birch Lake
Reservoir Exhaust Ventilation Raise 

and Concrete Pad 

Ventilation Raise Site 2 
-Intake Raises 

Gate 
IInnttaakkee VVeennttiillaattiioonn RRaaii

aanndd CCoonnccrreettee 
ssee
PPaadd 

Electrical House 

Propane Tank Area 

! Electrical House 

Heater Station Heater Station 

Parking and Turnaround 

Ventilation Raise Site 1 
-Exhaust Raise 

Exhaust Ventilation Raise 
and Concrete Pad 
Gate 

Parking 

NOTES: LEGEND
1. Base air photo from the U.S. Departmentof Agriculture Farm Service Agency, Facilities Ventilation Raises and Ventilation Raise Access Road TWIN METALS MINNESOTA
Aerial Photography Field Office.2. Digital elevation model hillshade Decline Underground Mine Area
downloaded from MnTopo. Secondary Road Project Area FIGURE 3-4

VENTILATION RAISE LAYOUTS
3. Hydrographic data from MinnesotaDepartment of Natural Resources. River/Stream4. Horizontal datum based on NAD 1983. Horizontal coordinates based on Minnesota Lake/Pond
State Plane North (feet). ³ 

Scale:0 200 400
Feet Date: SEPTEMBER 2019 



 

   

FIGURE  3-5 
UNDERGROUND M INE  AREA  DESIGN 
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FIGURE  3-6 
MINING  METHOD  SCHEMATIC 
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FIGURE  3-7 

MINE DESIGN  TYPICAL  DRIFT  SECTIONS 
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FIGURE  3-8 
MATURI  25-YEAR  MINE  DESIGN 
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FIGURE  3-11 
COARSE  ORE  STOCKPILE  SECTION  VIEW 
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NOTES:
1. DSF - Dry Stack Facility TWIN METALS MINNESOTA 

FIGURE  3-14 
DRY  STACK  FACILITY  CONSTRUCTION S TAGES 
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FIGURE  3-15 
ACCESS  ROAD T YPICAL  SECTIONS 
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NOTES:
1. DIMENSIONS AND ELEVATIONS ARE IN FEET [METERS]. 
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ARTERIAL DRAINS HAVE LARGER CROSS-SECTIONAL AREA THAT VARIES DEPENDING ON CONTRIBUTING DRAIN CATCHMENT AREA. 

3. DIMENSIONS OF UNDER-LINER DRAINS VARY. REQUIRED CROSS-SECTION OF GRAVEL FOR FEEDER DRAINS IS 5.4FT² [0.5M²] (WIDTH-3.3FT [1.0M], HEIGHT=1.6FT [0.5M]).
ARTERIAL DRAINS HAVE LARGER CROSS-SECTIONAL AREA THAT VARIES DEPENDING ON CONTRIBUTING DRAIN CATCHMENT AREA. 

4. 1.6FT [0.5M] THICK LAYER OF COMPACTED TAILINGS PLACED OVER THE GEOMEMBRANE PRIOR TO PLACING OVER-LINER DRAIN. 
5. WOVEN GEOTEXTILE WILL BE USED FOR SEPARATION, NOT FILTRATION. 
6. FOUNDATION TO BE STRIPPED OF TOPSOIL, ORGANICS AND UNSUITABLE MATERIALS. FOUNDATION SHALL HAVE AN ALLOWABLE BEARING PRESSURE OF 150 kPa TO SUPPORT LINER SYSTEM. 
A BEDDING LAYER OF LOCAL, SUITABLE BORROW, MINIMUM 0.5FT [0.15M] THICK WILL BE PLACED AND DENSELY COMPACTED OVER ANY EXPOSED BEDROCK. 

FIGURE  3-18 
BASE  DRAIN  DETAILS 

TWIN METALS MINNESOTA 

Scale: Date:AS SHOWN SEPTEMBER 2019 



 

 

     
      

  
   

     

Notes
1. ORIGINAL GROUND SURVEY PROVIDED BY TWIN METALS 
MINNESOTA, RECEIVED ON APRI

2. SEEPAGE CUTOFF SURFACE W I
L 26, 2016. 
LL HAVE GRASS 

VEGETATION IN SOME LOCATIONS, RIPRAP ARMOUR 
IN OTHERS AND EXPOSED BEDROCK IN OTHERS. 

TWIN METALS MINNESOTA 
FIGURE  3-19 

TYPICAL  CROSS-SECTION O F  EXTERIOR S LOPE 

Scale: AS SHOWN Date: SEPTEMBER 2019 



 

   

  
   

    
      
    
   

    
   

Notes
ABOUT TRANSITION SLOPE:
SLOPES THROUGH TRANSITION WILL VARY 
DEPENDING ON MATERIAL AS FOLLOWS: 
1. FOR FILL CONDITION: FROM 3% TO 3(H):1(V)
2. FOR CUT CONDIT
FROM 3% TO 3(H 

ION (THROUGH OVERBURDEN): 
):1(V)

3. FOR CUT CONDITION (THROUGH BEDROCK):
FROM 3% TO 1(H):1(V) 

TWIN METALS MINNESOTA 
FIGURE  3-20 

TYPICAL  DITCH  SECTIONS 

Scale: NOT TO SCALE Date: SEPTEMBER 2019 
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NOTES: LEGEND
1. Hydrographic data from Minnesota Primary Road Boundary Waters Canoe Area Wilderness Plant Site Water Intake CorridorDepartment of Natural Resources. TWIN METALS MINNESOTA
2. Horizontal datum based on NAD 1983. Secondary Road Boundary Waters Canoe Area Tailings Management Site Ventilation Raises and VentilationHorizontal coordinates based on Minnesota Raise Access Road FIGURE  4-1

BWCAW  MINERALS  MANAGEMENT  CORRIDORAND M DNR S TATE  FOREST  MANAGEMENT  UNITS

State Plane North (feet). Wilderness Mineral Management Corridor
3. Boundary Waters Canoe Area Wilderness, River/Stream Non-Contact Water Diversion Area
Mineral Management Corridor and State State Forests - Statutory Boundaries Access Road Corridor 
Forest data from Minnesota Department Lake/Pond Transmission Corridor 
of Natural Resources. State Forests - Management Units ³Municipal Boundary 0 3,000 6,000Project Area Scale: Feet Date: SEPTEMBER 2019County Boundary 

Underground Mine Area 
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NOTES:
1. Hydrographic data from MinnesotaDepartment of Natural Resources.2. Horizontal datum based on NAD 1983.Horizontal coordinates based on MinnesotaState Plane North (feet).3. 1854 Treaty Ceded Territory data from TheGreat Lakes Indian and Wildlife Commision. 

LEGEND 
Primary Road 1854 Treaty Ceded Territory Plant Site Water Intake Corridor TWIN METALS MINNESOTA 
Secondary Road County Boundary Tailings Management Site Ventilation Raises and Ventilation FIGURE  4-2

1854  TREATY  CEDED  TERRITORY 
Raise Access RoadRiver/Stream Project Area Non-Contact Water Diversion Area 

Lake/Pond Underground Mine Area Transmission Corridor Access Road Corridor 

0 2,500 5,000Scale: Feet Date: SEPTEMBER 2019 
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LEGEND
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2. Horizontal datum based on NAD 1983.Horizontal coordinates based on Minnesota Secondary Road Underground Mine Area Water Intake Corridor FIGURE 4-3
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NOTES: LEGEND
1. Hydrographic data from Minnesota Primary Road Property Boundary Plant Site Water Intake CorridorDepartment of Natural Resources. TWIN METALS MINNESOTA
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NOTES: 
1. Fig re content from Raic, et al. (2015). Arsenic-Rich C -Ni-PGE Mineralization in 

Wetlegs, D l th Complex, St. Lo is Co nty, Minnesota, USA. The Canadian Mineralogist, 
Vol. 53, pp. 105-132 (2015) DOI: 10.3749/canmin. 1400053 
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 IGURE  5-1 

GEOLOGY OF THE DULUTH COMPLEX 

TWIN METALS MINNESOTA 

Scale: Date: AS SHOWN 



 

  

  SEPTEMBER 2019 

FIGURE  5-2 

MATURI  DEPOSIT  STRATIGRAPHY 

TWIN METALS MINNESOTA 

Scale: Date: NOT TO SCALE 

³ 



 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

C

D

t eltuOek

C

eerk 

sir

1 
H 
T

k erCtsuguA

    
       
      

        
       

 
 

 
 

  
 
  

  

 
 

    
  
  

 

 

          
         
        
    

         
       
            

        
 

         
      

          
          
       
   

          
          
   

          
          
    
          

         
  

  

 
  

  
 
 
  
  
 

 
  

 
  

    
    
     
    

TH 1 

CR
21

Blu
ebe

y L
a

CR 120 

rr

R 120 
Sou

th K
aw
ish
iw i
R iv
er 

NFR 19
00 

TH 1 

r
Fil
so
nC

NF
R
1

s 

R 2
1 

i
Lo
u

. La
ke
 

TH 1 

St

Kan
gas

Cre
ek Ke

le ey
Cr

N ira Creek Har

Denley Cr

eek
 

DenleyCreek 

un
ka

Riv
er 

NEW TO
MAHAWK R D 

Bal

d Eag
le Cr

eek 

901
 

eek
 

e

Johnson
Lake 

Mbmz MasGEOLOGY SOURCES:
Boerboom, T.J.; Miller, James D., Jr.. (1994). M-081 Bedrock 
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Toohey Lake quadrangles, Lake and Cook Counties, Minnesota.
Minnesota Geological Survey.
Green, J.C.; Phinney, W.C.; Weiblen, P.W.. (1966). M-002 Gabbro
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Giants Range Batholith -Farm Lake Phase 
Giants Range Batholith -Tonalitic Phase 

NOTES:
1. Hydrographic data from Minnesota
Department of Natural Resources.

2. Horizontal datum based on NAD 1983.
Horizontal coordinates based on Minnesota
State Plane North (feet). 
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NOTES: LEGEND Geologic Unit1. Quaternary sediments and lake bathymetry not shown as 
thicknesses and depths are generally less than 20 feet Cross Section Line Magt Main Augite troctoliteand not seen at this scale. 

2. Hydrographic data from Minnesota Primary Road Mat Anorthositic troctolite to troctolitic anorthorsite
Department of Natural Resources. TWIN METALS MINNESOTA 

3. Horizontal datum based on NAD 1983. Project Area Mbmz Basal Mineralized Zone 
Horizontal coordinates based on Minnesota FIGURE  5-4 

BEDROCK  CROSS  SECTION  A-A' UNDERGROUND M INE  AREA 
State Plane North (feet). Underground Mine Area Agc Giants Range Batholith

4. Horizontal and vertical scale are as shown. Lake/Pond Vertical exaggeration is 1. ³ 
Horizontal& Vertical 0 250 
Scale: 

500
Feet Date: SEPTEMBER 2019 
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NOTES: LEGEND Geologic Unit1. Quaternary sediments and lake bathymetry not shown as 
thicknesses and depths are generally less than 20 feet Cross Section Line Magt Main Augite troctolite
and not seen at this scale. 

2. Hydrographic data from Minnesota Primary Road Mat Anorthositic troctolite to troctolitic anorthosite
Department of Natural Resources. Project Area Mbmz Basal Mineralized Zone 

TWIN METALS MINNESOTA 
3. Horizontal datum based on NAD 1983. 
Horizontal coordinates based on Minnesota Underground Mine Area Agc Giants Range Batholith FIGURE  5-5 

BEDROCK  CROSS  SECTION  B-B' UNDERGROUND M INE  AREA 
State Plane North (feet).

4. Horizontal and vertical scale are as shown. Lake/Pond Vertical exaggeration is 1. ³ 
Horizontal& Vertical 0 250 
Scale: 

500
Feet Date: SEPTEMBER 2019 
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NOTES: LEGEND Geologic Unit
1. Quaternary sediments and lake bathymetry not shown as 
thicknesses and depths are generally less than 20 feet Cross Section Line Magt Main Augite troctolite
and not seen at this scale. Primary Road Mat Anorthositic troctolite to troctolitic anorthosite TWIN METALS MINNESOTA 2. Hydrographic data from Minnesota
Department of Natural Resources. Project Area Mbmz Basal Mineralized Zone 3. Horizontal datum based on NAD 1983. FIGURE  5-6 

BEDROCK  CROSS  SECTION  C-C' UNDERGROUND M INE  AREA 
Horizontal coordinates based on Minnesota Underground Mine Area UG Upper GabbroState Plane North (feet). 
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FIGURE  6-5 
BIRCH  LAKE  RESERVOIR

WATERSHED  SURFACE  DRAINAGE 

TWIN METALS MINNESOTA 
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NOTES:
1. Hydraulic conductivity data subject to data qualification filtering. All tests of zones >100 ft and tests which exceeded the resolution limits of test equipment were removed from plot.2. When additional data and analysis becomes available, thatinformation would be used to add to or modify the plot. FIGURE  6-12 
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NOTES: LEGEND
1. Base air photo from the U.S. Departmentof Agriculture Farm Service Agency, < ternary Groundwater Moni or Well River/Stream Underground Mine Area Transmission Corridor TWIN METALS MINNESOTA
Aerial Photography Field Office. A Qua t

2. Well locations surveyed by Northern Lights Lake/Pond Plant Site Water Intake CorridorSurveying Co. June 2019 Groundwater Contour FIGURE  6-14
POTENTIOMETRIC  SURFACEQ2  MONITOR  WELLS  QUM  HGUJUNE  2019

3. Hydrographic data from Minnesota Section Line Tailings Management Site Ventilation Raises and Ventilation
Department of Natural Resources. June 2019 Groundwater Inferred Contour Raise Access Road 4. Horizontal datum based on NAD 1983.Horizontal coordinates based on Minnesota Project Area Non-Contact Water Diversion Area Groundwater Flow Direction Access Road Corridor State Plane North (feet). ³ 

5. Birch Lake Reservoir water elevation of 1419.5 0 1,500 3,000ft msl is from the Minnesota Department of Primary Road Scale: Feet Date: SEPTEMBER 2019
Natural Resources website (6/5/2019). Secondary Road 
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NOTES: LEGEND
1. Base air photo from the U.S. Departmentof Agriculture Farm Service Agency, <A Shallow Bedrock Groundwater Monitor WellAerial Photography Field Office.2. Well locations surveyed by Northern Lights Surveying Co.3. Hydrographic data from Minnesota <A Monitor Well Not Used for Contours
Department of Natural Resources.4. Horizontal datum based on NAD 1983. June 2019 Groundwater ContourHorizontal coordinates based on MinnesotaState Plane North (feet). June 2019 Groundwater Inferred Contour
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NOTES: LEGEND 
<

1. Base air photo from the U.S. Departmentof Agriculture Farm Service Agency, A Deep Bedrock Groundwater Monitor Well Primary Road Lake/Pond Non-Contact Water Diversion Area TWIN METALS MINNESOTAAerial Photography Field Office.2. Well locations surveyed by Northern Lights Surveying Co.3. Hydrographic data from Minnesota A Monitor Well Not Used for Contours Secondary Road Section Line Transmission Corridor FIGURE  6-16
POTENTIOMETRIC SURFACEB2 MONITOR WELLS SHALLOW BEDROCK HGUJUNE 2019

Department of Natural Resources.4. Horizontal datum based on NAD 1983. June 2019 Groundwater Contour River/Stream Underground Mine Area Water Intake Corridor 
Horizontal coordinates based on Minnesota Project Area Ventilation Raises and Ventilation State Plane North (feet). June 2019 Groundwater Inferred Contour Raise Access Road 5. Birch Lake Reservoir water elevation of 1419.5 ³ ft msl is from the Minnesota Department of Groundwater Flow Direction Plant Site 0 1,500 3,000Natural Resources website (6/5/2019). Access Road Corridor Scale: Feet Date: SEPTEMBER 2019

6. Locations in gray were not used for contouring. Locations Tailings Management Site
are still in recovery phase from previous purging events. 
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Inventory (NWI) data from Minnesota
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NOTES: LEGEND
1. Base air photo from the U.S. Departmentof Agriculture Farm Service Primary Road Underground Mine Area Transmission Corridor TWIN METALS MINNESOTA
Agency, Aerial Photography Field Office.2. Hydrographic data from Minnesota Secondary Road County Boundary Water Intake Corridor FIGURE  8-2

U.S.  GEOLOGICAL  SURVEY  NATIONAL
GAP  ANALYSIS  PROGRAM
PROJECT  LAND  COVER

Department of Natural Resources.3. Horizontal datum based on NAD 1983. River/Stream Plant Site Ventilation Raises and Ventilation 
Horizontal coordinates based on Minnesota Raise Access Road State Plane North (feet). Lake/Pond Tailings Management Site 

Access Road Corridor ³4. GAP Land Cover data downloaded from the U.S. Geological Survey. Project Area Non-Contact Water Diversion Areahttps://www.usgs.gov/core-science-systems/science- 0 2,500 5,000 Date:Scale: Feet SEPTEMBER 2019analytics-and-synthesis/gap/science/land-cover 
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FIGURE  10-1 
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