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4 . 0  E X H I B I T  C  –  M I L L  P L A N  ( S E C  6 . 3 . 3 )  

4 . 1  B A C K G R O U N D  

The Mill (permitted under Calais Colorado Resources, Inc. Permit M1990-057) is 
scheduled to commence operations with mill closure to occur in 2040.  The planned 
facility, with the reconstructed TSF (Section 4.3, Tailings Storage Facility), has sufficient 
capacity to operate approximately 1 year at 160t/d 0.5 years at 200tpd.   

Leadville Mining and Milling, Inc. constructed the mill in 1989 to process ore from the 
Hopemore Mine located 8mi east of the Mill.  The mine and mill commenced 
production in 1989 and operated sporadically for less than two approximately 10 
years.  A building permit was obtained in December 1987 and certificates of occupancy 
(Sec. 7.0, Exhibit F) were issued for the crusher building on October 5, 1990 and the 
mill building on November 9, 1990.  The Mill was originally selected to:  

• Locate the tailings storage facility. 
• Mitigate the generation of airborne migration of dust from the TSF disposal 

area; 
• Isolate milling activities from neighbors and heavy traffic. 
• Locate in close proximity to electric power, water, and natural gas; and, 
• Minimize haulage distance within the mining district. 

The mill site is located in a heavily wooded area on the lee side of an east-west trending 
hill which affords maximum protection from the normal prevailing wind from the 
northwest.  The mill maintains a minimum cleared area to afford a good firebreak 
distance around the buildings, roads and tailings storage area. 

The nearest inhabited buildings to the mill permit boundary is a structure (Mellott) 
(Benson) located about 550ft (190ft) northwest, a house (Mellott) (Fowler) located 
approximately 800ft west and a house (Wibbenmeyer) (Wood) located approximately 
550ft west.   

Sec. 13, Exhibit L describes and illustrates the location of “Permanent Man-Made 
Structures” within 200ft of the permit boundary.   

The Mill and associated facilities are illustrated on Figure 6-2.   
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Figure 4-1 through Figure  The current facility includes 2 separate metal buildings: 

• Mill Building.  The mill building contains the fine ore bin, reagent storage area, 
ball mill circuit, flotation circuit, concentrate thickener, laboratory, mill office, 
safety/training/change room, concentrate storage room, and restroom; and 

• Crushing Building.  The crushing building contains the RoM grizzly, primary, and 
secondary crushers.  It is connected to the mill building via an enclosed 
conveyor crossover bridge.   

Upgrades proposed include: 

• Truck scale.  
• RoM storage pad.   
• New crusher building. 
• Conveyor connecting new crusher to main building 
• Leach tank and detox tank pad 

Other facilities include: 

• 2 primary water monitoring wells. 
• 1 shallow monitoring well in mostly dry perched aquifer. 
• Electric utility line.  
• Trailer foundation.  
• Sewage lift station.  
• Upper and lower gravel mill access roads.  
• 3 ore stockpiles, 1 topsoil stockpile, 1 TSF overburden stockpile, a TSF 

redesigned to meet CDRMS performance standards, as summarized in (See 
Section 4.3, Tailings Storage Facility and geotechnical analysis (Sec. 15.0, 
Geotechnical Stability 6.5).   

The property boundary is surrounded by a 4-strand animal-friendly fence, as 
prescribed by CDOW (Appendix 7-9).   

The facility can be accessed by either an upper (north) or lower (south) road.  Within 
the permit area, these roads connect to a 24ft-wide gravel access road connecting to 
US Highway 24.  RoM ore haulage will access the grizzly on the upper mill road.  
Concentrate shipments, will use the lower mill road.   

The fine ore feed bin, chemicals and reagents are contained in the Mill Building 
(Figure).  Reagents and chemicals used in ore processing will be stored in over-pack 
drums or within secondary containment structures.  Any leakage, or containment 
issues with the stored chemicals or reagents will be directed to the mill sump and then 
to the TSF (Figure 4-) or collected and disposed in an approved disposal facility.  Waste 
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management activities are discussed in greater detail in Sec. 14, Exhibit U, Designated 
Mining Operation Environmental Protection Plan. 

The concentrate reagent storage room is a 24ft by 20ft extension located at the 
southwest corner of the Mill Building immediately adjacent to the mill sump.  The 
concentrates will be placed in 2- ton “supersacks” or 55 gallon drums, or client-
specified shipping containers for offsite shipment.   

A new crushing facility, which will allow for selective ore handling and storage, is 
scheduled for construction in the next expansion phase.  The crushing facility will 
include;  

• Truck scales;  
• Multiple RoM concrete storage bunkers;  
• An enclosed crushing and screening building; and 
• A conveyor system connecting to the Mill Building.   

4 . 2  M I L L  M A N A G E M E N T  A C T I V I T I E S  ( S E C  6 . 3 . 3 ( 2 ) ( A ) )   

The mill will be reconfigured to use conventional agitated leaching, using sodium 
cyanide from low-grade vein dumps (RoM) located nearby.  Each area supplying RoM 
will operate on an independent Reclamation Permit to be issued by CDRMS.   

The Mill uses conventional technology via a combination of crushing, grinding, 
classification, flotation, gravity concentration and filtration.  Design of the mill is such 
that either oxide or sulfide ores may be concentrated.  The process flow sheet is shown 
in Figure 4- .4 

4.2.1  PROC ESS FLOWSHEET 

Figure 4-1 shows a simplified process flowsheet and material balance.  Design criteria 
used to develop this flowsheet are based on metallurgical test work completed in 
January 2021.  Key design parameters are summarized in Table 4-1.   

  

 
4 A1AR1Q6 



 
The Leadville Mill M1990-057 
 EXHIBIT C – MILL PLAN 
 Page  4-4 

 

Version 3.0 January 2021 

TABLE 4-1: LEADVILLE MILL, DESIGN CRITERIA 
Item Design Parameter Value Unit 

Physical Parameters 
1 RoM Moisture 4% - 
2 Plant Capacity 400 dstpd 
3 Plant Availability 92% - 
4 Calculated Capacity 453 dstpd 

Crushing Circuit 
5 Operating Hours 8 hr/day 
6 Availability 75% - 
7 Trommel Fines 50% - 
8 Feed Rate 50% 

277.8 
31.7 

% 
stpd 
stph 

9 RoM Feed, F80 102 mm 
10 Crusher Product, P80 12.5 mm 
11 Fine Ore in Capacity 280 stpd 

Mill Circuit 
12 Ball Mill Work Index (BWi) 15.45 - 
13 Mill Feed, F80 12,500 micron 
14 Mill Product, P80 (cyclone O/F) 104 micron 

Leach Circuit 
15 Thickener Feed 30% solids 
16 Leach Feed 40% solids 
17 Leach Time 18/24 hours 
18 Feed Solids, Pressure Filter 40% solids 
19 Filtration Rate 500 lb/ft2-hr 
20 Filtration Product 80% solids 
21 Repulp Tank 50% solids 
22 Detox Tank 50% 

4 
solids 
hours 

23 Vacuum Filter, Drum 100 lb/ft2-hr 

 

TROMM EL & CRU SHING CIRCU IT  

A new crushing building will house the trommel, crusher and screens.  Basis of crusher 
design includes the following: 

• The RoM ore delivered by trucks, weighed, and stored in a 35t 200st capacity 
coarse ore bin, (Figure) will be crushed in a two-stage operation to a final size 
of about -3/8".  A conveyor will move the ore to the 200t fine ore bin located 
in the mill building.5   

 
5 A1AR1Q7/Q26 
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• RoM will first go through a trommel where fines will be washed and sent 
directly to the ball mill circuit.  Coarse material will report to the crusher.   

• The trommel/crusher will operate 8-hours per day during day shift.  This will 
also mitigate noise during nighttime hours.   

Trommel and crusher circuit equipment performance criteria are shown in Table 4-2.   

TABLE 4-2: TROMMEL & CRUSHER PERFORMANCE CRITERIA 
Equipment Performance Value Unit 
Trommel 
Operating Time 
 
Residue Time 
Pulp Density 

 
8 

54.3 
5 

30% 

 
hr/day 
dstph 
min 
- 

Primary Crusher 
Feed 
F80 
P80 
Screen Aperture 

 
27.2 

50 
18 
18 

 
stph 
mm 
mm 
mm 

Secondary Crusher 
Feed 
F80 
P80 

 
13.6 

18 
12.5 

 
stph 
mm 
mm 

 

GRINDIN G CIRCU IT  

Since the trommel/crusher will only operate 8-hrs/day, an operating philosophy was 
developed for steady state plant operation.  This results in the ball mill processing 
13.58stph fines and 5stph coarse material during the 8-hours of trommel/crusher 
operation and 11.95stph coarse material only during the remaining 16 operating 
hours.   

The thickener will stabilize the operation, providing a steady 20stph feed to the leach 
circuit.   

Trommel and crusher circuit equipment performance criteria are shown in Table 4-3.   
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TABLE 4-3: GRINDING PERFORMANCE CRITERIA 
Equipment Performance Value Unit 
Fine Ore Bin 
Capacity 

 
200 

 
stpd 

Ball Mill 
F80 
P80 
BWi 
Operating Hours 
Rate (8-hr/day) 
Rate (16-hr/day) 
Horsepower 
Horsepower. Max 

 
12,500 

104 
15.45 

20 
18.58 

11.9 
200-250 

300 

 
micron 
micron 
- 
hr/day 
hr/day 
Hr/day 
hp 
hp 

Ball Mill Sump 
Flowrate 
Residue Time 
Sump Capacity (@90% 
capacity) 

 
600 

4 
2,670 

 
gpm 
min 
gal 

Cyclone 
Operating Units 
Standby Units 
Flowrate, total 
Flowrate, per unit 

 
2 
1 

600 
300 

 
units 
units 
gpm 
gpm 

Thickener 
Feed 
Unit Area 
Underflow 
Diameter 

 
25% 
0.12 

40 
10 

 
solids 
ft2/tpd 
solids 
feet 

 

LEAC H & MER RILL  CR OWE CIRCUIT  

Dissolution of gold (Au) and siler (Ag) using cyanide (CN) was developed in the late-
19th century.  Dissolution occurs as: 

4Au + 8NaCN + O2 + 2H2O → 4NaAu(CN)2 + 4NaOH 

Merrill Crowe is a process which uses zinc to precipitate Au and Ag from cyanide 
solution using direct reduction reactions as: 

2Au(CN)2 + Zn → 2Au + Zn(Cl)4-2 
2Au(CN)2 + Zn + 3OH-1 → 2Au + HZnO2-1 + CN-1 + H2O 

Trommel and crusher circuit equipment performance criteria are shown in Table 4-4.   
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TABLE 4-4: LEACH & MERRILL CROWE PERFORMANCE CRITERIA 
Leach Circuit 
Feed 
Leach Time 
Volume (w/ 10% freeboard) 
Tanks 
Tanks Size, 12-hour leach 
Tank Size, 24-hour leach 

 
40% 

18-Hr/24-Hr 
26,400/35,200 

4 
16 x 32 
18 x 36 

 
solids 
hours 
ft3 
no. of units 
ft dia. x ft 
height 
ft dia. x ft 
height 

Holding Tank 
Feed 
Residue Time 
Residence Time 
Filter Cake 

 
40% 

2 
10 

12 x 24 

 
solids 
hrs 
hrs 
ft dia. x ft 
height 

Pressure Filter 
Feed 
Filtration Rate 
Area Required 
Filter Cake 

 
40% 
500 

80 
80% 

 
solids 
lb/ft2-hr 
ft2 

solids 
Repulp Tank 
Residence Time 
Volume 
Solids 
Tank Size 

 
5 

600 
50% 
9 x 9 

 
min 
ft3 
solids 
ft dia. X ft 
height 

Detox 
Feed 
Residence Time 
Volume 
Tank size 

 
50% 

4 
3,947 

18 x 18 

 
solids 
Min. 
ft3 
ft dia. x ft 
height 

Drum Filter 
Feed 
Filtration Rate 
Filter Cake 
Area Required 

 
50% 
100 

75 
400 

 
solids 
lb/ft2-hr 
solids 
ft2 

 

4.2.2  PROC ESS MATERIAL BALANC E 

The material balance for the Mill was developed in concurrence with the process 
flowsheet and is shown in Table 4-5.  The stream number shown correspond with the 
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orange-colored numbers in the Figure 4-1 flowsheet.  Note the operational changes 
when the trommel/crusher is not operating (green shading).   

TABLE 4-5: PROCESS MATERIAL BALANCE 

Stream Description Solids 
(%) 

TPH Slurry 
(gpm) Solids Water 

1 RoM Ore 96.0% 54.30 2.26 - 
2 Trommel Oversize 95.0% 27.15 1.43 - 
3 Trommel Fines 18.0% 27.15 123.01 537.57 
4 Primary Crusher Product 95.0% 27.15 1.43 - 
5 Feed to Screen 95.0% 33.94 1.79 - 
6 Screen Oversize 95.0% 6.79 0.36 - 
7 Secondar Crusher Product 95.0% 6.79 0.36 - 
8 Feed to Storage Bin 95.0% 27.15 1.43 - 
9 Fine Ore Bin discharge 95.0% 5.00 0.26 - 
9 Fine Ore Bin discharge 95.0% 11.90 0.63 - 

10 Ball Mill Feed 57.0% 18.58 13.84 83.98 
10 Ball Mill Feed 95.0% 11.90 0.63 - 
11 Ball Mill Discharge 57.0% 18.58 13.84 83.98 
11 Ball Mill Discharge 65.0% 23.80 12.82 86.87 
12 Cyclone Feed 25.6% 45.73 136.35 591.29 
12 Cyclone Feed 40.0% 23.80 35.70 178.95 
13 Cyclone Underflow 50.0% 13.58 13.58 74.82 
13 Cyclone Underflow 65.0% 11.90 6.40 43.43 
14 Cyclone Overflow 20.7% 32.15 123.27 530.80 
14 Cyclone Overflow 28.8% 11.90 29.30 134.83 
14 Thickener Feed 18.2% 20.00 89.72 396.00 
15 Thickener O/F - - 73.36 238.54 
16 Thickener U/F 40.0% 20.00 30.00 150.40 
17 Leach Circuit Feed 40.0% 20.00 30.00 150.40 
18 Leach Circuit Discharge 40.0% 20.00 30.00 150.40 
19 Holding Tank 40.0% 20.00 30.00 150.40 
20 Pressure Filter Cake 80.0% 20.00 5.00 20.00 
21 Pregnant Solution - - 30.00 120.00 
22 Feed to Merrill Crowe - - 30.00 120.00 
23 Barren Solution - - 30.00 120.00 
24 Gold Precipitate - 0.12 trace - 
25 Repulp Tank 50.0% 20.00 20.00 110.20 
26 Drum Filter Feed 50.0% 20.00 20.00 110.20 
27 Filtrate - - 13.33 53.32 
28 Leach Residue 75.0% 20.00 6.67 55.20 
29 Process Water - - 124.44 - 
30 Process Water - - 5.75 - 
31 Process Water to Sump - - 22.88 - 
32 Wash Water - - 5.00 20.00 
33 Barren Solution - - 15.00 - 

Note: Non-shaded streams denote operation with crusher operation.  Shaded streams replaced non-shaded streams 
when crusher is not operating 
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4.2.3  LABOR AT OR Y 

Laboratory activities will include bulk density, screening, flotation, AA assaying and 
thickening testing.  A Marcy bulk density scale will be used for bulk density testing.  
Both wet and dry screening will take place in the laboratory.  Samples for screen test 
will be crushed and ground with laboratory scale equipment.  Wet screen material will 
be dried in a microwave oven.  Neither the bulk density nor screen tests require the 
use of reagents.   

Flotation test will be conducted to optimize the flotation process.  Samples ranging 
from 50-100g will be floated using small quantities of reagents already on site.  After 
testing, float samples will be reintroduced into the process.   

Thickening test will be conducted using small amounts of environmentally friendly 
polyacrylactes. 

Sample preparation will also be performed in the laboratory.6   

4.2.4  CHEMIC AL  REAGENT  IN VENT ORY 

TROMM EL & CRU SHING CIRCU IT  

There are no chemicals or reagent associated with the trommel and crushing circuit.   

GRINDIN G & AGITATED LEACH  CIRCUIT  

Unit consumption rates as well as daily and monthly reagent consumption is shown in 
Table 4-6.  A small amount of copper sulfate will be kept on site for testing, although 
not required for the process 

TABLE 4-6: REAGENT CONSUMPTION, GRINDING & AGITATED LEACH CIRCUIT 

No. Reagent 
Consumption 

Unit Rate 
(lbs./st) 

Daily 
(lbs.) 

Monthly 
(tons) 

1 Water - H2O (1) 0.33 133 4,058 
2 Flocculant 0.02 8.00 0.12 
3 Lime - CaO 8.00 3,200 49 
4 Sodium Cyanide - NaCN 4.00 1,600 24 
5 Sodium Bisulfite - NaHSO3 0.50 200 3.0 
6 Copper Sulfate - CuSO4 0  0  0.025  
7 Lead Nitrate - Pb(NO3)2 0.01 4.00 0.06 

(1) Water consumption is reported in tons. 

 
6 A1AR1Q16 
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REF INERY 

Unit consumption rates as well as daily and monthly reagent consumption is shown in 
Table 4-7.   

TABLE 4-7: REAGENT CONSUMPTION, REFINERY 

No. Reagent 
Consumption 

Quantity Units Daily 
(lbs) 

Monthly 
(lbs) 

1 Zinc Oxide - ZnO 0.20 lbs/ton 79 2,414 
2 Borax - Na2[B4O5(OH)4] - - - 200 
3 Soda Ash - Na2O3 - - - 100 
4 Silica Sand - SiO2 - - - 400 
5 Potassium Nitrate - KNO3 - - - 150 
6 Fluorspar - CaF2 - - - 5 
7 Silicon Carbide Cement - SiC (2) - - - < 10 

(1) These reagents are used during au-Ag pours, so only monthly values are reported. 
(2) Silicon Carbide is used as needed for furnace repair.   

 

OTHER  REA GENTS 

Other reagents and chemicals that will be on site are shown in Table 4-8.   

TABLE 4-8: REAGENT CONSUMPTION, REFINERY 

No. Reagent 
Consumption 

Quantity Units Monthly 
Quantity Units 

1 Diesel Fuel 10 gal/day 304 gallons 
2 Hydraulic Fluid 0.25 gal/day 8 gallons 
3 Oil - Gear Boxes 0.01 gal/day 0.3 gallons 
4 Gear lube - Ball Mill & others 0.001 gal/day 0.03 gallons 

 

ON-SIT E INVENT OR Y 

On-site inventory is shown in Table 4-9.  Reagents will be stored in a secured-access 
area in the Mill.  Lubricants will be stored in flame-protected metal cabinets.   
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TABLE 4-9: ON-SITE REAGENT INVENTORY 
No. Reagent Quantity Units 

1 Water - H2O 30,000 gal 
2 Flocculant 243 lbs. 
3 Lime - CaO 24 tons 
4 Sodium Cyanide - NaCN 6 tons 
5 Sodium Bisulfite - NaHSO3 3 tons 
6 Copper Sulfate - CuSO4 50 lbs. 
7 Lead Nitrate - Pb(NO3)2 0 lbs. 
8 Zinc Oxide - ZnO 1 ton 
9 Borax - Na2[B4O5(OH)4] 200 lbs. 

10 Soda Ash - Na2O3 100 lbs. 
11 Silica Sand - SiO2 400 lbs. 
12 Potassium Nitrate - KNO3 150 lbs. 
13 Flourspar - CaF2 5 lbs. 
14 Silicon Carbide Cement - SiC (1) 50 lbs. 
15 Diesel Fuel 125 gallons 
16 Hydraulic Fluid 10 gallons 
17 Oil - Gear Boxes 1 gallon 
18 Gear lube - Ball Mill & others 1 gallon 

 

Lime, xanthate, pine oil, copper sulfate and DAF-30 are the chemicals/reagents stored 
within the mill.  Lime, xanthate, copper sulfate and DAF-30 are dry reagents and the 
pine oil is a liquid reagent.  Table 4-, summarizes the estimated reagent inventory, daily 
consumption and monthly inventory.  Only one day's operating supply is in the reagent 
feeders at any one time.   

Copper sulfate (CuSO4) will be used in instances where polymetallic sulfide ores 
containing high lead and silver values exist.  CuSO4 is a reagent used in the flotation 
process to suppress zinc and increase lead recovery and lead concentrate grade.  It is 
important to have the ability to split lead and zinc as lead smelters pay 95-96% for 
silver in the concentrates, whereas zinc smelters do not pay for silver.   

When used, consumption rate will be between 0.05 - 0.10lb/(st) or 12lbs/day.  The 
annual consumption is estimated to be 500lbs given that CuSO4 will not be used all the 
time.  CuSO4 will be purchased in bulk dry form sold in 50lb bags.  Two hundred and 
fifty pounds will be kept in inventory.7 

Table 4-5: Estimated Reagent Inventory 

Reagent Chemical Symbol Solution 
Shipped 

Daily 
Use 

Shipping 
Container 

Inventory 
(monthly) 

Hydrated Lime Ca(OH)2 100% 32 lb 50lb (bag) 40 bags 
 

7 A1AR1Q38 
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Xanthate TBD 93% 11 lb 286 lb (drum) 2 drums 
Pine Oil n/a 100% 7 lb 286 lb (drum) 2 drums 
Flocculent n/a 95% 1.3 lb 286 lb (drum) 1 drums 
Copper Sulfate CuSO4 100% 12 lb 50lb (bag) 5 bags 

No less than 1ton of lime will be on site at any given time for purposes of detoxification 
or stabilization of all designated chemicals and toxic or acid forming materials.8 

Secondary spill containment in the mill building is controlled by a sealed collection 
sump built into the concrete floor at the lower end of the mill .  The containment sump 
holds approximately 1,000gal of liquids and/or sediments.  Tertiary containment is the 
TSF facility.   

4.2.5  SOLUTION MANAGEM ENT 

Spill containment in the mill building will be accomplished by; first localizing 
containment and clean-up, and second by directing any remaining spill to the sump 
build into the concrete floor and located at the lower end of the building. In the sump, 
the walls are sealed to the base of the sump. 

Liquid quantities of reagent in use at one time are small (see Table 4-) to minimize risk 
due to spillage and waste.  Chemicals not needed immediately, will be stored in Over-
pack Barrel containers.  The reagent mixing area is at the fine ore bin level.  Any spillage 
not cleaned up at the source will be washed down to the sump.  If chemical laden 
water gets to the sump, it can be pumped up to the tailings trough which will flow to 
will be pumped to the TSF (see Figure 6-2) to mix and dilute with the water decanting 
from the tailings in the TSF.9   

Operation solution volumes are summarized in Table 4-11.  Primary containment, 
representing tanks and facilities used in the operation, amounts to approximately 
14,000 328,900 gal.  Secondary containment consists of the sump and is located at the 
lower level of the mill building.  The sump area can hold about 69% 5,000gal of the 
tanks and facilities located within the mill building.  In the event of 100% primary 
containment failure, the TSF will serve as the tertiary containment facility.  The 
maximum capacity of the TSF assumes a 3ft freeboard.  The first 1ft of the freeboard 
(500,000gal) 425,000 gal represents the tertiary capacity of the TSF.  Tertiary 
containment, therefore represents over 35 times all primary containment facilities.10  

 
8 A1AR1Q43 
9 A1AR1Q9 
10 A1AR1Q13 
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TABLE 4-10: OPERATION SOLUTION VOLUMES 

Description Primary Containment 
(gallons) 

Secondary Containment 
(gallons) 

Tertiary Containment 
(gallons) 

Interior Mill Building 
Primary process water tank No. 1 5,000 - - 
Primary process water tank No. 2 5,500 - - 

Domestic water 2,000 - - 
Reclaim tank No. 1 1,650 - - 
Reclaim tank No. 2 2,250 - - 

Crushing/washing 
Trommel fines floor sump 200     

Grind thickener 900     
Overflow tank 100     

Wash area floor sump 200     
Grinding 

Ball Mill  150 - - 
Ball Mill sump 300     

Thickener 6,800     
Thickener feed tank 200     

Thickener overflow tank 400     
Grinding area floor sump 200     

Leaching 
Leach tank # 1 68,500     
Leach tank # 2 68,500     
Leach tank # 3 68,500     
Leach tank # 4 68,500     

Filter feed head tank 20,300     
Leach area floor sump 200     

Merrill Crowe  
Pregnant solution storage 1,000     

Clarifier 200     
Pre coat mix & storage tank 100     

D.E. slurry floor sump 200     
Vacuum tower 200     

Steady head tank 100     
Cooling bath 50     

CN Detox 
Re-pulp tank 1,900     

CN Destruct tank # 1 1,900     
CN Destruct tank # 2 1,900     

Wash solution holding tank 500     
Re-pulp area sump 200     

Reagents & Utilities 
CN mixing tank 200     

Ferric sulfite mixing tank 50     
Floc mixing tank 50     

Totals 
Total volume of solutions 328,900     

Main building Sump   5,000 - 
Subtotal Interior Mill Building   5,000 0 

TSF (1ft freeboard)   - 425,000 
Total Containment   5,000 425,000 
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Ore will be geochemically characterized, and ore metal values will be evaluated prior 
to processing.  Ore seller information and the characteristics of the ore as outlined in 
Section 4.6 will be determined prior to receiving or processing ore.   

The plant is anticipated to operate at a rate of 8tph ore throughput using 3-8 hour 
shifts per day for a 20-shift cycle with the 21st shift reserved for maintenance.  With 
additional downtime and operational delays, the mill will operate at 160tpd or 56ktpy.   

4.2.6  DUST  CONTR OL 

Dust control within the Mill buildings will be accomplished utilizing a 4,000cfm UAS 
Dust Hawg horizontal cartridge dust collector.  Dust will be managed in the crushing 
plant by use of a ducted exhaust air system which will draw air and dust down through 
the crusher and transfer points.  Pollutants from the screening, primary and secondary 
crushing circuits, conveyance systems, and fine ore storage operations will be limited 
to fugitive particulate matter.  Negative pressure ventilation will direct venting to the 
dust collector to control the flow of fugitive particulate matter during screening and 
crushing operations.   

The unit is estimated to operate at air velocities of 3,500-4,500fpm based on demand 
and manual control dampers at each collection point.  The dust collector is rated at 
4,000cfm and upgradable to 6,000cfm.  The dust control unit is designed to capture 
28.2tpy crushed ore fugitive particulate matter and an additional 0.4tpy reagent 
fugitive particulate matter for a combined 165lb/day at a 99.8% at 0.5µm published 
design efficiency.  The captured dust will be pulse-cleaned off the filters in the dirty air 
plenum and collected in drums and returned to the material flow in the grinding circuit.   
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The items below have been superseded in this Permit Amendment Application and 
are retained for reference and completeness.   

4.2.1 MATERIAL HANDLING 

Ore will be dumped directly from haul trucks into a 35t capacity coarse ore bin prior to 
feeding the crusher circuit (Figure ).  Upstream of the crusher is a vibratory screen 
designed to screen out 3/8" minus material bypassing the crushing circuit.  The 
crushing circuit is composed of a 9"x15" jaw crusher, which discharges directly into a 
roll crusher (16"x10" face).  Ore will report to the vibratory screen where oversize 
material will report to the primary and secondary crushers before being conveyed to 
the fine ore bin.  Undersized material will by-pass the crushing circuit and will be 
conveyed directly to the fine ore bin.   

The jaw crusher will be set to a closed side setting of approximately 0.5''.  The product 
from the jaw crusher will report directly to the secondary roll crusher.  Product from 
the roll crusher will join the screen undersize to be conveyed to the fine ore bin 
(Figure).  The fine ore bin has a maximum capacity of 100t.   

The Mill uses conventional technology via a combination of crushing, grinding, 
classification, flotation and gravity concentration and filtration.  Design of the mill is 
such that either oxide or sulfide ores may be concentrated.  The RoM ore delivered by 
trucks, weighed, and stored in a 35t capacity coarse ore bin, (Figure) will be crushed in 
a two-stage operation to a final size of about -3/8".  A conveyor will move the ore to 
the 100t fine ore bin located in the mill building.   

In the future, a new crushing/screening and storage receiving facility will be 
constructed which will allow RoM ore to be dumped directly from the trucks into 
bunkers prior to feeding the crusher circuit.  RoM material from either the storage 
bunkers or directly from trucks will be fed through a grizzly into the coarse ore bin and 
then into the primary crusher.  Undersized material will report to secondary crushing, 
while oversized material will be sent back to primary crushing.  Undersized material 
from secondary crushing will report to the fine ore bin via belt conveyor.  Oversized 
material will report back to secondary crushing. 11   

4.2.3 GRINDING CIRCUIT 

 
11 A1AR1Q7 
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Material from the fine ore bin will be conveyed to the wet grinding circuit via a belt 
feeder.  Lime and water (approx. 8-10,000g/d) (Section 6.3.3(h)) will be added to the 
ore and adjusted for pH as necessary to maximize metal recovery (8-9) (9.5-11.5).   

Maintaining a slight basic pH is critical to successful recovery in the milling process.  
Lime will be added to the ball mill via a feeder system to achieve the ore-type specific 
pH requirement, which is typically in the range of 8-9.  pH will be tested in the 
conditioning tank, which is also part of the grinding circuit to assure proper pH prior to 
flotation.  If necessary, additional lime can also be added at the conditioning tank.  
Once the desired pH is achieved all downstream process flows (concentrates and 
tailings) will maintain this pH level. 

pH will be tested monthly in the TSF to assure that pH levels between 6.5 and 9 are 
maintained at all times.  Lime will be added to the TSF should pH levels drop below 6.5.  
Given that only sulfide ores are processed, it is not anticipated that pH levels will 
exceed the pH 9 threshold limit.  In the unlikely event of a pH greater than 9, UMC will 
reduce the amount of lime introduced into the process. 

pH testing will be performed on the TSF to assure the proper pH range prior to final 
reclamation. 12 

The grinding circuit is comprised of 1 - 5ft dia. x 4ft long Marcy ball mill.  The ball mill 
has a maximum processing throughput of 8tph.   

The grinding system operates in closed circuit with a classifier to produce a final 
flotation feed.  The oversize will report back to the ball mill resulting in an effective 
8tph feed.  The underflow may pass through a gravity circuit to recover free gold and 
silver.  The remaining material will be fed to the conditioning tank then to the rougher 
flotation circuit.   

Water will be added at the ball mill discharge trough.  Reagents will be added at the 
ball mill and the conditioning tank through reagent feeders.  As shown in Table, lime 
will be added at the grinding mill and/or the conditioning tank to control pH.  Xanthate 
will be added as a promoter at the grinding mill for increased reagent reaction time.  
Lime will be added through a dry reagent feeder and the xanthate is a (1% solution), 
mixed on site.   

Typical reagent usage added at the grinding circuit is presented in Table.  Dust 
emissions are generated when the dry chemicals are added to the reagent mixers.  

 
12  A1AR1Q15 
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Negative pressure ventilation collects fugitive particulate matter emissions from the 
reagent mixing area.  The same dust collector used in the crushing and conveying 
circuit captures the emissions.   

TABLE 4-1: CHEMICAL USAGE, BALL MILL 
Reagents Lime Xanthate Water 

Rate 0.2 lbs/ton 1 0.07 lbs/ton 0.8 st H2O/st ore 
Amount used2 5.6 st/yr 1.9 st/yr - 
Amount used3 - - 45,700 st H2O/yr 

1 Reagents rated base on dry ore feed tonnage 
2 Dry tons of reagents per year 
3 Liquid tons of reagents per year 

4.2.4 FLOTATION CIRCUIT 

The comminution product reports to the rougher flotation circuit where it is mixed 
with water to achieve a density of 35% solids by weight, which is carried through to 
the scavenger and cleaner circuits.   

The rougher flotation cell bank consists of six, 25"x24"x29" (60.4 ft3) tank cells.  Tails 
from rougher flotation will report to the scavenger flotation circuit which consists of 
six, 25"x24"x29" (60.4ft3) tank cells.  Tails from the scavenger flotation circuit report 
to the tails thickener.   

The concentrates from the rougher and scavenger flotation cells report to the cleaner 
flotation circuit, which consists of two, 25"x 24"x29" (20.1ft3) tank cells.  The tailings 
from the cleaner flotation circuit report back to the scavenger flotation circuit for 
additional residence time.   

The concentrates from the cleaner flotation circuit reports to the concentrate 
thickener.   

Underflow from the classifier reports to the conditioning tank where additional 
xanthate may be added.  As shown in Table, pine oil is added as frother.  Pine oil is 
diluted from a 100% pine oil liquid solution.   

Additional xanthate and pine oil may be added in limited amounts to the rougher, 
scavenger, and cleaner flotation cells, as needed to adjust concentrations for optimal 
recovery of metals.   

TABLE 4-2: CHEMICAL USAGE, CONDITIONING TANK 
Reagents Pine Oil 

Rate1 0.04 lb/st 
Amount Used 2 2,240 lb/yr 
Amount Used 3 - 
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1 Reagent rate on dry-ore feed tonnage. 
2 US gallons of reagents annual quantity. 
3 Liquid US tons of reagents annual quantity. 

4.2.5 CONCENTRATE CIRCUIT 

The concentrate from the second flotation cleaner cell will report to a thickener to 
maximize process water recovery.  The thickened concentrate, 65% solids, will go to 
the concentrate filter.  The filter additionally recovers process water.  The material is 
65% solids entering the filter and 90% solids exiting the filter.  Overflow from the 
concentrate thickener will be returned to the circuit as process water.  The concentrate 
filter gravity discharges its concentrate cake onto a conveyor which transports the 
concentrate into a 4 ton bin from where it is loaded into super sacks or drums for 
shipment.   

The sacks or drums will be stored within the facility until shipped.  The super sacks or 
drums will be loaded on highway trucks for shipment.  The concentrates will contain 
less than 10% moisture. 

Reagents are added at the thickener through a reagent mixer, diluted with water and 
added through a chemical feed pump.  As shown in Table , DAF-30 will be consumed 
at an estimated amount of 0.3lb/day for representative ore.  

TABLE 4-3: CHEMICAL USAGE, CONCENTRATE THICKENER 
Reagents DAF-30 

Rate1 0.008 lb/st 
Concentrate Feed 6,150 st/yr 
Amount Used 2 50 lb/yr 

1. Reagent rate based on dry concentrate feed tonnage (11% concentrate per ton) 
2. Tons of reagent per year 

4.2.6 TAILINGS CIRCUIT 

Tailings from scavenger flotation will be sent to a tailings thickener.  Thickened 
underflow will be sent to the tailing storage facility at 65%-70% solids in piping laid in 
an accessible concrete trough.  The trough is shown in Figure 6-2 and a detailed 
drawing of the conveyance is shown in Figure 4-12.13  Overflow ranging from 25 to 35% 
from the tailings thickener will be returned to the circuit as process water.  Reclaim 
water from the TSF will also be used as process water.   

 
13 A1AR1Q8 
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Reagents are added at the thickener through a reagent mixer, diluted. As shown in 
Table , DAF-30 approximately 2.3lb/day will be added as a flocculent (same reagent as 
used in the concentrate thickener).   

TABLE 4-4: CHEMICAL USAGE, TAILINGS THICKENER 
Reagents DAF-30 

Rate1 0.008 lb/st 
Tails feed 49,850 st/yr 
Amount Used 2 400 lb/yr 

1 Reagent rate based on dry tailings feed tonnage – 11% concentrate per ton 
2 Tons of reagents per year. 

 

4 . 3  T A I L I N G S  S T O R A G E  F A C I L I T Y  ( T S F )  ( 6 . 3 . 3 ( 2 ) ( b ) )  

Note: TSF earthworks were completed in 2014.  The remaining TSF construction will 
be completed in Spring 2021. 

 

The current mill configuration, process and operations have been modified to treat an 
ore different than was processed during the last operational period, as described in 
Section 4.2.  This necessitates rephrasing the initial TSF plan to provide tailings disposal 
capacity for a more efficient concentrating system and increased tails reporting to 
the TSF.  The historical TSF embankment compaction was inadequate for current 
production requiring complete removal of the existing embankment and 
reconstruction of the TSF facility with a lined facility.   

The reconstruction honors the original permit parameters as follows: 

• The same 4.6ac TSF is utilized. 

• The pond excavation at a maximum 21ft depth does not impact the known 
aquifers at 80-100ft below the surface. 

• The TSF embankment will be constructed from available onsite soils borrowed 
from the tailings disposal area as outlined in the recommendation of CTL 
Thompson, Inc., Permeability Study, April 10, 1990, presented as Appendix 15-
2, and Slope Stability Evaluation, July 8, 2011, presented as Appendix 15-5.   

• The TSF will be constructed as a zero-discharge facility with 3ft of freeboard in 
accordance with the Probable Maximum Precipitation Estimates - United 
States between the Continental Divide and the 103rd Meridian. 
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• Non disturbed drainage is diverted around the TSF while disturbed area 
drainage from the mill area disturbance reports to the TSF.  

• The observation well down gradient from the 4.6ac TSF area will be maintained 
in its current location and monitored. 

• Topsoil, in accordance with the topsoil plan will be removed and stockpiled.  

Additionally, the proposed TSF design will encompass: 

• Stability analysis initiated by CTL Thompson, Inc. May 12, 2011, on samples 
collected from the existing compacted fill embankment, 2 additional holes 
drilled to compliment and confirm the 1990 permeability test hole data 
(Appendix 15-2), and the CTL Thompson Letter Report of July 8, 2011 (Appendix 
15-5).  Subsequently, CTL Thompson issued an update to the July 8, 2011 
Report, presented as Appendix 15-6, Response to CDRMS Slope Stability 
Evaluation, dated September 1, 2011. 

• A 2.5:1 (horizontal to vertical) outside face and a 2:1 interior face embankment 
dam with a berm 12ft wide at the crest. 

• A geosynthetic clay liner of 1 x 10-6cm/sec permeability (or less), or equivalent 
material liner.  

• A seepage/leak detection drainage net system between the geosynthetic clay 
liner and the 45-mil polypropylene geomembrane with the collection sump 
located in the northwest corner of the impoundment, and the pond bottom 
sloping at 0.5% to the northwest. 

• A synthetic pond liner of 45-mil polypropylene geomembrane or equivalent. 

• Compaction testing during construction. 

The TSF, as a 110(2) permit, was developed within the existing 4.6 ac. TSF area.  The 
TSF 4.6ac area is shown on Figure 4- with the TSF located within the black line polygon 
area south of the mill. The TSF is shown on Figure 4- and the TSF cross-section is shown 
on Figure 4- .  The leak detection system and sump design is shown on Figure 4-.   

The facility is a cut and fill structure, requiring about 4,500yd3 of fill from the existing 
TSF OB stockpile east of the existing pond.  The 4,500yd3 represents the excess cut 
material stockpiled from the original TSF construction.  This material has been 
incorporated into the cut and fill balance for the new TSF construction.  Table 4-11 
presents the cut and fill balance for the structure.  The net operating capacity is 
54,000st.  The total pond capacity is 22.4ac-ft.  Additional expansion requires 
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increasing the disturbance area beyond the 10ac 110 permit maximum disturbance 
and the conversion from a 110(2) permit to a 112 permit.   

TABLE 4-11: TSF IMPOUNDMENT VOLUMES 

Description Volumes 
Cut (yd3) 18,000 
Fill (yd3) 23,000 
Net Excess (yd3) (5,000) 

TABLE 4-12: TSF CAPACITY 
Tailings Storage Volume Capacity 
Total Volume (yd3) 43,000 
Freeboard Volume (yd3) 6,790 
Net Volume (yd3) 36,210 
Net Volume (ft3) 977,670 
Net Weight (st) 54,315 
Production Rate (st/y) 56,000 
Concentrate (11% mass pull) 6,160 
Concentrate Shipped (wet st) 6,840 
Tailings (89%) (st) 49,840 
Solids (%)14 65% 57% 
Water (%) 35% 43% 
Water Reclaim (%) 90% 
Net Tailings Slurry (st) 52,524 
Capacity (years) 1.03 

4.3.1  TSF CONST RUCTION  PR EPAR ATION  (6.3.3(2)(b))  

Construction of the TSF impoundment requiresd the removal and replacement of 
approximately 950st of historic tailings and approximately 50st of magnetite, both 
currently contained within the unlined facility.  The TSF overburden stockpile to the 
east of the existing impoundment will also be removed and incorporated into the fill 
construction of the lower access road to the concentrate storage, and fill for the 
impoundment.  

 

4.3.2  SUBGR ADE PR EPAR ATION (6.3.3(2)(b))  

Timbering, stump removal, and topsoil removal will has occurred prior to disturbing 
additional lands.  The timbering and stump removal will has been performed by local 
contractor with a n d  the timber w a s  removed from the site.  The topsoil will be  

 
14 Typographical error corrected in Version 2.0 
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was removed in accordance with the topsoil plan and stored in the existing topsoil 
storage pile. 

The sub-grade preparation through 45mil liner installation for the TSF is was 
completed as follows: 

• Clear cut/log trees.  Clear and grub organic matter including tree roots, pine 
needles, dead wood and other deleterious materials. 

• Clear topsoil and place in topsoil stockpile for reclamation. 

• Cut and fill to design specifications using contractor selected equipment.  
Equipment can include track dozer(s), backhoe(s), scraper(s), front end 
loader(s), road grader(s), sheep foot compactor(s), or excavator(s). 

• Fill material will have had a top size of 6in and contain approximately 50% silt 
and clay. 

• Fill will be was placed in 10-12in level lifts and compacted by a self-propelled 
sheep foot roller. 

• Fill will be was placed and compacted to 95% of Standard Proctor dry density 
(ASTM D 698). 

• Fill will be was scarified between lifts. 

• Fill will be was moisture conditioned to within 2% of optimum. 

• Construction engineer will be was on site to provide testing during fill 
placement. 

 

The following subgrade preparation will be completed in the Spring of 2021. 

• Verify compaction of floor of pond by number of tests recommended by CTL 
Thompson. 

• Install Geocomposite Drainage Layer (GDL) between embankment and 
Geocomposite Clay Liner (GCL) to protect GCL during installation.15 

• Install Bentomat® DN geosynthetic clay liner or equivalent. 

• Install TexDrain® TD 300 leak detection drainage net system, or equivalent, 
between the top of the geosynthetic clay liner and the bottom of the 45mil 
reinforced polypropylene capable of intercepting liquid within the leak 
detection zone and conveying the liquid to a collection sump for storage.   

 
15 A1AR1Q5 
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• Install leak collection sump and piping in pond corner and connect leak 
detection drainage net system to the sump.   

• Lining contractor to install geosynthetic clay liner, leak detection drainage net 
system and 45mil reinforced polypropylene.   

• Liner materials will be tested at intervals specified by manufacturer and 
contractor but not less than two tests will be performed.   

• Materials or construction not meeting standards and design specifications will 
be removed and repaired.   

4.3.3  TSF ST ABIL ITY  & TSF DESIGN (6.3.3(2)(b))  

TSF stability and design activities described in this subsection were completed in 2014. 

 

The existing tailings facility will be removed and the new TSF embankment will be 
reconstructed as shown in Figure 4-.  The compacted fill embankment has a 2.5:1 
(horizontal to vertical) outside face, and a 2:1 interior face.  Fill material will have top 
size of 6in and contain approximately 50% silt and clay.  Fill will be placed in 10-12in 
level lifts and compacted by a self-propelled sheep foot roller.  Fill will be placed and 
compacted to 95% of Standard Proctor dry density (ASTM D 698).  Fill will be scarified 
between lifts.  Fill will be moisture conditioned to within 2% of optimum.  Construction 
engineer will be on site to provide testing during fill placement and verify compaction 
of floor of pond by number of tests recommended by CTL Thompson.  CTL Thompson, 
Inc. has conducted slope stability analysis on the TSF embankment as shown in Figure 
4- and Figure 4-.  Samples were collected from drilling two (2) additional holes to verify 
and confirm the 1990 permeability test hole data and additionally confirm the 
embankment materials and underlying soils.   

Additionally, a sample of tailings materials generated from laboratory testing was 
analyzed.  The embankment materials, native soils and tailings materials were tested 
for strength and classification, using direct shear tests for use in analyzing slope 
stability of the embankment.  The results are presented in the July 8, 2011 Report (see 
Appendix 15-5).  Subsequently, CTL Thompson issued an update to the July 8, 2011 
Report (see Appendix 15-6).   

4.3.4  GEOC OM POSITE  DR AINAGE LAYER (6.3.3(2)(b))  

The geocomposite drainage layer will be installed in the Spring of 2021. 
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A US Fabrics, Inc 220GN Geocomposite Drainage Layer, or equivalent, will be placed 
on the interior slopes and bottom where there are seeps to protect the GCL from 
premature hydration during the installation process.  The GDL will be installed 
concurrently with the GCL, leak detection system, and polypropylene geomembrane 
liner.  GDL specifications and installation instructions are presented in Appendix 4-
1.4, Geocomposite Drainage Layer.16 

4.3.5  GEOSYNTH ETIC  CLAY L INER (6.3.3(2)(b))  

The geocomposite drainage layer will be installed in the Spring of 2021. 

 

A Bentomat® DN geosynthetic clay liner, or equivalent, will be placed on the interior 
slopes and impoundment bottom.  The geosynthetic clay liner is installed concurrent 
with the leak detection drainage net system and the 45mil polypropylene 
geomembrane liner.  Geosynthetic clay liner specifications are presented in 
Appendix 4-1.1, Geosynthetic Clay Liner.   

4.3.6  LEAK DET ECT ION SYST EM (6.3.3(2)(b))  

The leak detection system will be installed in the Spring of 2021. 

 

Concurrent with the installation of the geosynthetic clay liner, a seepage leak detection 
system will be placed between the geosynthetic clay layer and the synthetic liner with 
the collection system located in the northwest corner of the impoundment, and the 
impoundment bottom sloping at 0.5% to the northwest.   

Figure 4- shows additional details on the leak collection system and sump.  The leak 
detection system is concurrently installed between the top layer of the 1x10-6cm/s (or 
less) geosynthetic clay liner and the 45mil polypropylene geomembrane liner.  The leak 
detection system is a composite drainage product, produced by thermally laminating 
a 6oz/yd2 nonwoven geotextile to both sides of a polyethylene drainage net, capable 
of intercepting liquid within the leak detection zone and conveying the liquid to a 
collection sump for storage.  The leak detection drainage net system is shown on Figure 
4- and Figure 4-.   

 
16 A1AR1Q5 
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The volume of the collection system is limited to the sump and is approximately 90 
gallons.  The sump is accessed through a 4in PVC pipe to the top of the impoundment.  
Collected leachate will be returned to the TSF and then recycled to the mill through 
the impoundment decant pump(s).  The leak detection system requires a manual 
inspection of the sump through the 4in PVC pipe.  If leachate is detected (indicating a 
leak in the 45mil polypropylene), the level will be monitored, a small pump will be 
installed in the PVC pipe and the Division notified of fluids from the leak detection 
system.  If ground water is detected (indicating a leak in the GCL), the level will be 
monitored, a small pump will be installed in the PVC pipe, the ground water will be 
pumped to the impoundment, and the Division will be notified within 48 hours from 
first detection.  If groundwater is detected (indicating a leak in the geosynthetic clay 
liner), the level will be monitored, a small pump will be installed in the PVC pipe, the 
groundwater pumped to the impoundment and the Division notified of fluids from the 
leak detection system.17   

Leak detection drainage net system specifications are presented in Appendix 4-1.2, 
Leak Detection.   

4.3.7  POLYPROPYLEN E L IN ER (6.3.3(2)(b))  

The polypropylene liner will be installed in the Spring of 2021. 

 

Concurrent with the installation of the seepage/leak detection system, a synthetic 
pond liner of 45mil polypropylene geomembrane, or equivalent, will be installed as 
shown in Figure 4-.  The hydrostatic head on the geomembrane liner will be less than 
2ft.  UMC will continuously decant the water for reuse in the mill to minimize makeup 
water requirements.  Typically, tailings will be laid down in a bench, or splay within 
the impoundment and a barge mounted decant sump pump(s) located at the lowest 
level will pump the water back to the mill.  This pump(s) will be pressure sensor 
activated (or float switch activated).  UMC is incorporating a standard liner keying 
system.  Typically, this is a trench 2ft wide, approximately 3ft or more from edge of 
the inside slope, 2ft deep.  The liner is rolled down the trench wall, across the trench 
floor, and then the trench is backfilled and compacted to the specified embankment 
compaction standards. Details are presented in Figure 4-.   

 
17 A1AR1Q5 
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Geomembrane liner specifications are presented in Appendix 4-1.3, Geomembrane 
Liner.   

4.3.8  IN IT I AL TSF LIN ER STABI LI ZATI ON (6.3.3(2)(b))  

The initial TSF liner stabilization will be installed in the Spring of 2021. 

 

The impoundment liner will initially be held in place with water (ballast) hauled into 
the site from the local construction water metering station.  Next, the approximately 
1,000st of historic tailings stored on the temporary storage pad will be moved to the 
edge of the TSF by front-end loader and washed down the slope of the TSF with water 
from the TSF.   

UMC has committed to CDRMS to initiate removal of the existing onsite ore stockpiles 
within 60days following start-up.  The material is currently stockpiled on the west side 
of the mill entrance road, at the "Y" for the lower access (south) road.  With this in 
mind, the mill operation will use this material as initial feedstock to further secure the 
liner.  Historic tailings, the existing ore stockpiles, water, or onsite soils will also be 
used in ballast pipes or sandbags to stabilize the liner on the TSF embankment slopes.   

4.3.9  QA/QC (6.3.3(2)(b))  

The QA/QC will be performed in the Spring of 2021. 

 

The Quality Assurance/Quality Control (QAQC) Plan for the TSF is as follows. 

ONSIT E PER S ON N EL  

UMC's mill manager or qualified designate will be on site at all times construction 
activities are being conducted by UMC crews or by contractor crews.  UMC has 
retained an Owner's Engineer, who is a Registered Professional Engineer and a 
Professional Land Surveyor in the State of Colorado, to monitor the contractors.  
UMC has contracted clearing and grubbing, topsoil removal and storage, 
impoundment excavation and embankment construction, clay material segregation, 
geosynthetic clay liner installation, leak detection installation sump construction, 
and impoundment liner installation.  UMC crews will place historic tails in the TSF, 
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construct and place ballast tubes on the impoundment sides, install tailings slurry 
pipes to the impoundment, and install the decant water pumping station.18 

 

The following activities were completed in 2014. 

GEN ERAL SIT E PR E PA R ATI ON 

• Stake tree clearing/topsoil removal limits for TSF. 

• Stake grubbing limits for existing tailings storage pad. 

• Slope stake storage pad for existing tailings. 

• Oversee tailings storage pad layout and grading. 

CLEA RIN G,  GR U B BI N G,  TO P S OI L  RE M O VA L/STOR A G E 

• Performed by contractor, monitored by Mill Superintendent and/or Owner's 
Engineer. 

• Quantity check between planned and actual material moved. 

IMPOUN DM ENT EXCA VATION AND EMBAN KM ENT CON STRUCT ION 

• Performed by contractor, monitored by Mill Manager and/or Owner's 
Engineer.  

• Slope stake exterior and interior embankment slopes. 

• Red top embankment slopes as being constructed by contractor. 

• Grade top of subbase on interior slope and bottom of impoundment (±1") on 
50ft grid. 

• Monitor compaction lifts, compaction equipment in conjunction with contract 
soils engineer. 

• Compact to 95% standard proctor, within 2% optimum moisture. 

• Soils engineer to observe, segregate suitable embankment material, and test 
placement of embankment fill during construction. 

 

The following activities will be completed in the Spring 2021. 

 
18 A1AR1Q5 
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SUBBASE CON STRUCT ION,  G D L  A N D  G C L  AN D GEOSYNTHET IC CLA Y LIN ER 
IN S T A L L A T I O N  

• Finished surface shall be firm and unyielding, without abrupt elevation 
changes, voids, cracks, ice or standing water.   

• The subbase will be constructed during a period of low flow to ensure that the 
GDL will protect the GCL from premature hydration. 

• Liner contractor will install and test the geocomposite drainage layer in 
accordance with manufacturer’s recommendations.  Installation of the GDL 
protecting the GCL from premature hydration is shown in Figure 4-. 19 

• Liner material contractor will inspect the subbase prior to commencing 
installation. 

• Liner material contractor will install and test the geosynthetic clay liner in 
accordance with manufacture's recommendations. 

• The liner material contractor will inspect a known perched aquifer seep 
approximately 4ft above the bottom of the TSF floor and employ one of the 
techniques below, or equivalent, to minimize premature hydration when laying 
the geosynthetic clay liner over the seep area.   

o No special procedures: 

 Seep has minimal flow (damp, dry) or the seep flow is 
controllable with standard pumping techniques (minimizing 
standing water) and no additional liner installation techniques 
required. 

o Visqueen liner below seep: 

 Seep flow is controllable with standard pumping techniques 
(minimizing standing water), but flow from the seep may cause 
hydration of the geosynthetic clay liner below the seep faster 
than desired. 

 Visqueen or equivalent liner placed from the seep to the TSF 
floor, reducing hydration of the GCL material and directing seep 
flow to the TSF floor for control by standard pumping 
techniques. 

 
19 A1AR1Q5 
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o Subdrain along seep: 

 Seep flow is not controllable with standard pumping techniques 
(standing water). 

 Installation of subdrain along seep, directing water from seep to 
an infiltration area within the TSF structure as shown in Figure 
4-, Subdrain Detail and Figure 4-12, Subdrain Location. 

 Following installation of the subdrain, compaction to 95% 
standard proctor, ±2% optimum moisture, and grading of sub 
base on interior slope ±1" on 50ft grid, then the geosynthetic 
clay liner is installed.   

• If the geosynthetic clay liner is prematurely hydrated during installation, it may 
remain in place if the following conditions are met. 

o Geotextiles have not been separated, torn or otherwise damaged. 

o No evidence that needle punching between the geotextiles has been 
compromised.  

o Geosynthetic clay liner does not leave deep indentions when walked 
upon. 

o Overlapped and bentonite-enhanced seams are intact.20 

LEAK DET ECT ION AND SUMP CON STRUC TI ON 

• Performed by contractor, monitored by Mill Superintendent and/or Owner's 
Engineer. 

• Layout and grade detection layer collection sump system. 

• Liner material contractor will install and test21 the leak detection drainage net 
system in accordance with manufacture's recommendations. 

IMPOUN DM ENT L INER IN STA LLA TI ON 

• Performed by contractor, monitored by Mill Manager and/or Owner's 
Engineer. 

• Layout and grade anchor trench for geomembrane liner. 

 
20 A1AR1Q5 
21A1AR1Q5 
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• Liner material contractor will inspect the substrate and anchor trenching prior 
to commencing installation. 

• Panel installation will occur in reasonably clam weather conditions with 
ambient temperatures in excess of 40°F and no precipitation. 

• Sample seams will be made on a daily basis to establish a proper film bond tear. 

• Seaming crews will overlap the material ±6in and construct a minimum 2in 
wide fully bonded seam without wrinkles or voids. 

• If wrinkles occur, the seam will be cut and patched accordingly, a minimum of 
4in beyond the problem seam in all directions. 

• Field seams will be tested by the air-lance method per ASTM Method D4437. 
Where visual or audible signs occur, the area will be repaired. 

• Destructive samples will be taken every 1,000 liner-feet of seam from the 
material in the trench area.  At least 2 samples will be taken if less than 2,000lf 
of seam installed. 

• Destructive samples will be sent to a lab for testing (peel and shear).  The test 
values will be a minimum of 80% of parent material strength. 

• The liner contractor shall supply daily reports to the Owner. 

LIN ER STABIL IZATION,  HIST ORIC TAIL IN GS PLAC EM ENT.  SLOPE BALLA ST  
INSTA LLA TI ON 

• Performed by Owner, monitored by Mill Superintendent and/or Owner's 
Engineer. 

TAIL INGS SL URR Y PIPIN G.  DECA NT WAT ER PU M P S 

• Performed by Owner, monitored by Mill Superintendent and/or Owner's 
Engineer. 

4.3.10  CON STRUCTI ON SCH ED ULE (6.3.3(2)(b))  

The following activities will be completed in the Spring 2021. 

 

The proposed construction schedule for the TSF follows.  Reference QA/QC plan for 
additional details on the listed activities.  UMC will provide the Division 48hr notice on 
the CORMS inspections.  UMC will also provide the Division 48hr notice on the optional 
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inspections but will proceed if the Division elects not to inspect.  The Division will be 
provided specific calendar dates following initiation of construction.   

TABLE 4-13: CONSTRUCTION SCHEDULE 
Activity Duration Inspection 
General Site Preparation 2 days No Inspection 
Clearing, Grubbing, Topsoil Removal/Storage 10 days CDRMS Optional 
Impoundment Excavation/Embankment Construction 20 days CDRMS Inspection 
Geosynthetic Clay Liner Installation 5 days CDRMS Inspection 
Leak Detection Installation Sump Construction “ Included with above 
Impoundment Liner Installation “ Included with above 
Historic Tailings Placement, Slope Ballast Installation 5 days CDRMS Optional 
Tailings Slurry Piping, decant Water Pumps 5 days No Inspection 

 

4.3.11  GEOCH EMIC AL CON STITUEN TS (6.3.3(2)(b))  

The geochemical constituents of the tailings and the anticipated impacts to ground- 
and surface-waters are discussed in Section 14.7 

4.3.12  PLAN T FACI LIT I ES (6.3.3(2)(a))  

Chemical types and quantities to be used at the TSF, chemical storage and spill 
containment and emergency response plans are discussed in Section 14.7.22 

4.3.13  DR AIN AGE CON TR OL (6.3.3(2)(c))  

Drainage control is discussed in Appendix 14-1, Storm Water Management Plan.   

Figure 6-2 show our planned upland diversion measures.  In general, the design will 
handle a 200 year, 24-hr rainfall event (2.47 inches, per NOAA database), diverting 
runoff around disturbed areas, reporting in detention ponds in some areas, and onto 
natural existing drainages.  Water within disturbed areas will report to the TSF.   

There are two distinct portions of the Mill property.  The northern portion of the 
property is a moderately steep south facing slope and drains to the south.  The average 
grade of the northern slope is 25% and the hill slope on the property ranges from an 
elevation of 9,760ft to 9,730ft.  The southern portion of the property is a gently sloping 
area that drains toward the southwest and west.  The average grade of the southern 
slope is 3% and the hill slope on the southern portion of the property ranges from 
9,730ft to 9,700ft at the southwest property corner. 

 
22 Texted added to support A1AR1Q12 
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An unnamed 1ft to 3ft wide drainage channel enters the property on the eastern 
boundary, adjacent to the northwest corner of the Leadville Sanitation District 
polishing pond.  This channel generally flows to the southwest across the property, 
crossing under two access roads.  The channel flows into what appears to be an old 
soil conservation drainage ditch in the southwest corner of the property and the water 
then flows along the contour to the northwest, exiting the property on the western 
boundary.  Undisturbed area runoff water to the north of the unnamed drainage 
channel reports to the unnamed channel.  The flows are limited and the culverts under 
the road are 12in culverts, with no evidence of overtopping or wash outs.  The water 
exits the property into an existing road drainage network, flowing to the Highway 24 
drainage network and then to California Gulch.   

Undisturbed area runoff water south of the unnamed channel does not report to a 
drainage channel, and overland flows through trees, and vegetative cover, leaving the 
property along the southern boundary.  

One type of soil classification exists within the property’s drainage basin according to 
the Lake County Soil Survey.  The soil series is Leadville sandy loam (LeE).  This is a 
woodland soil.  The predominate tree species on the property is Lodgepole Pine. 

During operation, runoff and flow patterns in the property drainage basin are designed 
to generally follow the same paths as the historic basin.  Soil characteristics are 
identical to those of the historic basin, except for impervious building, impoundment 
and road improvements.  Vegetation characteristics will not change in the undisturbed 
area of the project.  Swales and inlets are designed to handle the 100-year 24-hour 
peak flow.    

During operation, a stormwater management plan and best management practices 
(BMPs) will be implemented and maintained.  Disturbed area measures will include silt 
fence, erosion control logs, construction entrances, river rock (or on-site cobble) 
sediment traps as required in swales or diversions, and vegetative filters for overland 
flow discharges.  All areas disturbed by construction will be temporarily re-vegetated 
or graveled and maintained as soon as practical.   

(1) Nature of Milling Activities at the Site 

The Mill is a custom ore processing facility.  Ore will be routinely delivered to the 
facility.  Ore will be processed at a maximum production rate of 200 tons per day.  Ore 
will be conveyed to the crusher, then through a series of processes to produce 
concentrates.  These concentrates will be shipped off site for further processing.  The 
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process tailings will be pumped to a CDRMS approved TSF.  The TSF is located adjacent 
to the Mill.  The Mill will be operated and or maintained 365 days a year-24 hours a 
day, 7 days a week.   

(2) Design Parameters 

Once the CDRMS permit is issued, the following construction activities will commence.  
Based on- Wilkes, S.G and Erke C. King, 1975.  Procedures for Determining Peak Flows 
in Colorado– Soil Conservation Service: 

• Install BMPs on access road from Highway 24; 

• Install or repair other BMP structures;  

• Improve or construct structures on the preexisting access road including 
berms, swales, debris basins, and ditches using the following design criteria 
and methods; 

o Drainage Area: 20.7 acres (entire property). 

o Runoff Coefficients.  Undisturbed forest Runoff Coefficient Number 
(RCN) = 60.   

o 10-yr,and 100-yr 24hr Stormwater Events.  The estimated peak flows 
are 0.54cfs and 3.0cfs for 10-year, 24-hour and 100 year, 24-hour 
storm events respectively.  The peak flows were calculated assuming 
a RCN=60, a drainage area of 20.7ac, the disturbed area is internally 
drained, Lodgepole Pine vegetative coverage is approximately 40%.   

o Drainage Channel Configuration (Stormwater Diversion).  
Stormwater for the 100-year, 24-hour storm event of 4.25cfs will be 
conveyed around the disturbed area in a ditch that has 1:1 side 
slopes that is at least 1.25ft deep constructed on a slope less than 
5%.   

Existing 12in culverts will convey the peak flow from the 100-year -24-hour storm with 
a flow through velocity estimated to be approximately 8.0fps.   

o Affected Area:  Estimate of total affected area, and area/location 
expected to be disturbed by clearing, excavation, grading or other 
construction activities.   

 The mill permit area occupies approximately 10.0ac; 
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 The TSF occupies an area approximately 3.0ac; 

 Pre-existing mill disturbance includes, topsoil, and historic 
ore stockpiles, access roads, tailings pond, mill building, 
culverts and fences; 

 Pre-existing easements including Leadville Sanitation District 
sewer pipeline, Xcel Energy gas pipeline, and Xcel Energy 
transmission line.   

o Site Soil Information:  Existing soils data for the drainage area within 
the permit and affected areas are provided through the National 
Resource Conservation Service Custom Soil Resource Report for the 
Lake County Area, Colorado.  The soils are thin, well drained, well 
vegetated with the existing rocky slopes ranging from 3-35%.  The 
soils are considered to be relatively stable to limit offsite erosion and 
sedimentation impacts.   

o Existing Vegetation:  Coniferous trees cover the site, except the area 
where the Mill building is located.  Lodge pole Pine is the 
predominant tree species.  Approximately 1.7ac of trees and 
underlying vegetation was removed during construction of the TSF.   

o Potential Pollution Sources:  The following provides a general 
description of each potential source:   

 Chemical Storage 

Frequency Activity Containment 

Weekly Load 55 gallon drum(s) or 
other suitable container of 
process ore concentrate into 
truck for offsite hauling  

Diversion berms and a containment basin will be put in 
place to prevent sediment migration. 

Monthly Chemical delivery will be 
delivered to the Mill 

Chemicals will be stored in the mill.  Chemicals will be 
stored in 55 gallon drums or sacks.  55gallon drums will 
be placed in secondary containment vessels. Other 
chemicals to be used on site will include paints, 
aerosols, lubricant oils, and antifreeze.  All chemicals 
will be stored and locked in the Mill Building. 
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 Truck haulage - to control fugitive dust, speed limits of 15 
miles per hour for haul trucks will be posted to limit road dust; 

 When necessary, roads will be periodically sprayed with 
water to control fugitive dust; 

 BMPs will be inspected twice a month and after significant 
precipitation during construction, and monthly thereafter 
during milling  operations from April through November; 

 Road construction and maintenance will be routinely 
conducted to maintain BMP structures, road grades and 
sediment control structures; and  

 Regulated materials will be transported by CDOT and USDOT 
approved vendors.   

o Non-Stormwater Discharge Locations:  Non-stormwater discharges 
are not anticipated to occur.  No man-induced springs, landscape 
irrigation, construction dewatering or concrete washout exists.   

o Receiving Waters:  The 10.0ac mill permit area is located 
approximately 850ft north of California Gulch, tributary to the 
Arkansas River.  The unnamed ephemeral channel draining the mill 
site only flows in response to snow melt and thunderstorm runoff 
events.   

o Wetlands:  There are no designated wetlands or riparian lands within 
the permit boundary.  

Storm Water Management Plan data and BMP details are shown in Appendix 4-1. 23 

4 . 4  E X I S T I N G  H I S T O R I C  O R E  S T O C K P I L E S  

Existing ore stockpiles have been stored on site since 1991.  The stockpiles, until they 
are reprocessed or disposed in the TSF, will be maintained in the following manner to 
mitigate the potential in generating acid rock drainage (ARD).  The following measures 
will be implemented to mitigate potential surface or groundwater contamination 
impacts   Stockpile ores will be reprocessed or disposed in the TSF prior to processing 
or disposal the stockpiles. The following measures will be maintained:   

 
23 A1AR1Q12 
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• Existing stockpile ore considered to be acid or toxic producing materials will be 
covered with reinforced visqueen or alternative impermeable material.  

• Reinforced visqueen sheeting, approximately 40ft x 100ft sheets, will be placed 
over the piles, edges folded and pinned, and held in place by tires, blocks, rocks 
and/or other suitable ballast.  

• The water runoff from the reinforced visqueen will be passed through a 
combination of erosion and sediment control measures including natural minor 
depressions, constructed berms, silt fence and vegetative filters. 

• Reinforced visqueen will be maintained and replaced as needed. 

• Stockpiled ore will be sampled and a TCLP analysis will be performed, as 
outlined in the Division's August 27, 2009 letter prior to removal and prior to 
milling or disposal. 

• Provide CDRMS an ore stockpile removal schedule; and 

• Weather permitting, historical stockpiled ore will be removed and disposed in 
the TSF within 60 days after the permit has been approved. 

4 . 5  M I L L  U T I L I T I E S  &  S E R V I C E S  

4.5.1  ELEC TRIC AL POWER 

The mill receives electric power from Xcel Energy. The connected load is about 130kW.  
The power is delivered by a 25kV overhead line across the northern portion of the 
property, connecting to the northeast corner of the Mill Building.  A portable generator 
will be available on site for emergency conditions.   

In an emergency situation, the generator generator(s) will only be deployed be used 
for life/safety use.  The generator will be hand manually started.  No transfer switch 
will be used.  The generator will not be used to run processing equipment and 
pumps.24 

4.5.2  COMMUNIC ATI ON 

Mill site communications are by cell phone and VoIP phones.  No land line 
communications are proposed.  Internet communication is through a satellite internet 
service.   

 
24 A1AR1Q14 
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4.5.3  SEWAGE DI SPOSAL  

The Lake County CUP stipulates that sewage disposal use the newly constructed 
sanitary sewage lift station, connecting the mill office/safety/training/change house 
facility to the Leadville Sanitation District sewage line that crosses the northern portion 
of the property.  The existing septic tank now serves as the holding tank for the sanitary 
sewage lift station. The Mill is serviced by Leadville Sanitation.  See Figure 6-2.  During 
any construction or repairs that render the sewage lift system inoperable, a chemical 
toilet will be rented.  The maximum number of employees expected to be in the mill 
operating crew at any given time is five six.   

4.5.4  SOLID WASTE 

Solid waste (debris, scrap, etc.), as well as biodegradable and recyclable material, will 
be stored in bins and periodically hauled to the Lake County Landfill.   

4.5.5  WATER 

There are no permitted domestic or commercial wells on the property.  Process water 
will be hauled to the property by contracted haulers until which time that water rights 
are purchased/leased.   

Bottled water will be provided to employees.  Water for domestic and milling needs 
will be purchased from Parkville Water District.  No contract is required.   

Water will be trucked to the site from a local construction water metering station 
located in Leadville.  The mill will require approximately 30-40,000gal/day.   

The mill maintains 4-water tanks (see Figure 6-2)within the plant, with a combined 
capacity of 40,000gal.   

4 . 6  O R E  B U Y I N G  A C C E P T A N C E  C R I T E R I A  

The toll ore buying program will fill mill capacity with high quality ores which will meet 
metallurgical criteria summarized in this section.   

4.6.1  CONTR ACT WI TH SU PPLI ER 

The Ore buying process will generally adhere to the following but modified for each 
specific Supplier to account for ore processing requirements (within the operating 
parameters of the Mill).   
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1. Supplier and CJK agree to “Economic Terms”.  E.g. payment based on toll ore 
grade, process recovery, market prices, treatment costs, etc.   

2. Batch of toll ore to be processed is identified.  This may, for example, be a 
specific stope in a mine, or a stockpile on the surface.   

3. The batch is surveyed to determine quantity and to collect a representative 
sample.   

4. A representative ore sample is collected under established chain of custody 
protocols and laboratory tested for ore grade.   

5. Economic or performance test will validate ore grades which will be used to 
determine toll ore purchase price.   

4.6.2  ACC EPTANC E CRI TERI A 

Acceptance Criteria will also include: 

• Bill of Lading documenting the ore has been analyzed and approved for mill 
processing.   

• Truck and ore deliveries are pre-approved and scheduled.   

• Truck and driver are CDOT certified.   

• Insurance is current. 

• Ore location is identified, 

• Tarps are securely covering delivered ore.   

• Ore is minus xx inches.   

• Ore is free of organic debris.   

• Ore is dumped in designated areas.   

• Truck drivers are site safety trained in; communication protocols, noise and 
dust mitigation, scale and traffic management procedures, speed limits, 
emergency response, inclement weather operating procedures, site 
restrictions, and PPE.   

• On- and off-site transportation activities conform with CDRMS, CDOT and Lake 
County regulations. 

 

UMC’s Leadville Mill’s Ore Buying Program is designed to fill mill capacity with high 
quality ores.  Ore must meet the metallurgical criteria summarized in section 4.6.1.   
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4.6.1 General Information 

• Ores must be amenable to conventional mill concentration methods   

Ores (30-50lb sample) will be tested for grade, and deleterious substances prior 
to being accepted.  If ores are not acceptable, no purchase contract will be 
offered to the supplier trace metals prior to accepting the ore for processing.  The 
metals of interest include  

Arsenic (As)equal to or less than 0.5 mg/l 

Barium (Ba)-equal to or less than 2 mg/l 

Cadmium (Cd)- equal to or less than 0.1 mg/l 

Chromium (Cr)- equal to or less than 0.5 mg/l 

Lead (Pb)- equal to or less than 0.5 mg/l 

Mercury (Hg)- equal to or less than 0.001 mg/l 

Selenium (Se)- equal to or less than 0.5 mg/l 

Silver (Ag)-equal to or less than 0.05 mg/l 

• Initial sample testing will require a 30-50lb sample that is representative of the 
ore to be mined and shipped.  This will be crushed, blended and fire assayed 
for precious metal values and a 40-element ICP analysis performed for other 
metals and contaminants.  Assays and analyses will be reviewed to determine 
if the material meets the ore criteria and a report will be sent to the supplier.   

• If tests show ore does not meet purchase criteria, no further work will be 
performed. 

• If ore meets purchase criteria, metallurgical tests will be performed to 
determine process and general amenability to the Mill.  A metallurgical report 
will be prepared and sent to the supplier, advising whether the ore is suitable 
for processing.   

• UMC will reserve the right to modify these requirements at any time. 

• Representative ore sample will be crushed, blended, and analyzed for metal 
values.  In addition, a 40-element ICP geochemical analysis. 

4.6.2 Ore Baseline Analysis Limits 

Sampling tests are completed for each sample of custom ore brought to the Mill.  An 
elemental scan (4 acid digestion ICP analyses) determines elemental concentration on 
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a range of metal and non-metals in the sample.  Certain ores may be rejected based 
on metallurgical or environmental constraints.   
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Figure 4-1: Leadville Mill – Flowsheet & Material Balance 

 

 

This was Figure 4-1 - Mill Building General Arrangement – Main Level Pre-Tailings Storage 
Facility Conditions in the 110(2) permit and has been replaced with the updated flowsheet and 
material balance figure.   
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Figure 4-2: Mill Building General Arrangement - Main Level Upper Level & Crusher Building 

This figure is obsolete.   

  



 
The Leadville Mill M1990-057 
 EXHIBIT C – MILL PLAN 
 Page  4-43 

 

Version 3.0 January 2021 

Figure 4-3: Mill Building General Arrangement - Upper Level & Crusher Building Longitudinal 
Section 

This figure is obsolete.   

  



 
The Leadville Mill M1990-057 
 EXHIBIT C – MILL PLAN 
 Page  4-44 

 

Version 3.0 January 2021 

Figure 4-4: Mill Building General Arrangement - Longitudinal Section  

This figure is obsolete.   
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Figure 4-11: Process Flowsheet 

This figure is obsolete.  

  





 
The Leadville Mill M1990-057 
 EXHIBIT C – MILL PLAN 
 Page  4-53 

 

Version 3.0 January 2021 

 

 

The Tailings Storage Facility design was approved by CDRMS in 2014. This Appendix, 
shaded in gray, has been retained for completeness. 

 

APPENDIX 4-1 
TAILINGS STORAGE FACILITY 

TECHNICAL SPECIFICATIONS & DATA SHEETS 
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4-1.1:  Geosynthetic Clay Liner (Under-liner) 
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4-1.2:  Leak Detection System 
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4-1.3:  Geomembrane Liner (Over-liner) 
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4-1.4:  Geocomposite Drainage Layer25 

Table 1:  GDL Properties 

PROPERTY TEST METHOD UNITS VALUE 
Geonet    

Structure Biaxial 
Thickness (min.) ASTM D 5199 inches 0.200 

Tensile Strength (min.) ASTM D 5035 lb/ in 45 
Density (min.) ASTM D 1505 g/cm3 0.94 

Melt Flow Index (max.) ASTM D 1238 g/10 min 1.0 
Carbon Black Content ASTM D 4218 % 2-3 

Transmissivity ASTM D-4716 m2/s 2 x 10-3 
Geocomposite    

Ply Adhesion (min.) ASTM D 904 lb/inch 1.0 
Transmissivity2 — Machine Direction MD (min.) ASTM D 4716  GRI-GC8 (m2/sec) 1.8E-03 

 

Table 2:  Geotextile Properties 

PROPERTY TEST METHOD UNITS VALUE 
Weight (MARV) ASTM D3776 Oz/sy 6 
AOS (MaxARV) ASTM D4751 US Sieve (mm) 70 (0.21) 

Permitivity (MARV) ASTM D4491 sec -1 0.5 
Grab Tensile Strength (MARV) ASTM D4632 lbs 157 

Trapezoid Tear (MARV) ASTM D4533 lbs 56 
Puncture Strength (MARV) ASTM D4833 lbs 56 

UV Resistance @500 Hours (MIN) ASTM G154 % 95 
Weight (AVE) ASTM D3776 oz/sy 6 

Grab Tensile Strength (MARV) ASTM D4632 lbs 157 
UV Resistance @500 Hours (MIN) ASTM G154 % 95 

 

Installation: 

• Handling & Placement 
o The surface shall be cleaned and free of excess dirt and debris. 
o The Installer shall handle all GDL material in such a manner as to ensure it is not 

damaged in any way.  Precautions shall also be taken to prevent damage to 
underlying layers during placement. 

o For slopes, special care shall be taken so that only full-length rolls are used at the 
top of the slope. 

 
25 A1AR1Q5 
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o If necessary, the material shall be positioned by hand after being unrolled to 
minimize wrinkles. 

• Seams & Overlaps 
o The geonet shall be secured or seamed at overlaps. 

• Geonet Component 
o Adjacent edges of geonet along the length of the geocomposite, shall be 

overlapped 2-3 inches, see Diagram 1, or if approved by the Engineer based on the 
site specific conditions, placed with the edges of each geonet butted against each 
other, see Diagram 2.  These overlaps shall be joined by tying the geonet cores 
together with white or yellow cable ties or plastic fasteners.  These ties shall be 
spaced at a maximum of every 5ft along the roll length.   

Diagram 1:  Overlap Along Roll Length (Overlap) 

 

 

Diagram 2:  Overlap Along Roll Length (Butted) 

 

 

o Adjoining geocomposite rolls (end to end) along the roll width shall be shingled 
down in the direction of the slope, with the geonet portion of the top 
geocomposite overlapping the geonet portion of the bottom geocomposite a 
minimum of 12in across the roll width as shown in Diagram 3. Geonet shall be tied 
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every 12in across the roll width and every 6in in the anchor trench or as specified 
by the Engineer.   

Diagram 3:  Adjoining Geocomposite Rolls 

 

 

• Geotextile Component 
o The bottom layer of geotextile shall be overlapped. 
o The top layers of geotextile shall be sewn together, or at the discretion of the 

Engineer may be heat bonded or wedge weld.  Geotextiles shall be overlapped a 
minimum of 4in prior to seaming or heat bonding, geotextile sewing seams to be 
used are Prayer, "J", or Butterfly, see details in Diagram 4.  The seam shall be a 
two-thread, double-lock stitch, or a double row of single-thread, chain stitch.  If 
heat bonding is to be used, care must be taken to avoid burn through of the 
geotextile. It is important that the geotextiles be joined continuously along to the 
roll as to prevent any fugitive particle migration into the geonet core flow 
channels.   

Diagram 4:  Geotextile Sewing Seam Details 

 

 

• Slope Corners 
o In the slope corners, the direction of the slope changes at the corner diagonal line, 

as illustrated in Diagram 5.  Installation will first place an additional panel along 
the corner diagonal line of the adjacent slope.  The panels from the opposite slope 
will be placed to extend on top of the additional panel.  Then, the panel for the 
slope which contains the additional panel will be placed to butt up to the opposite 
slope panels.   
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Diagram 5:  Slope Corner Detail 

 

 

• Repair 
o The GDL shall be inspected for damage resulting from construction prior to 

covering.   
o Any rips, tears or damaged areas on geotextile component of the deployed 

geocomposite shall be removed and patched.  The patch for damaged geonet shall 
be secured to the original geonet by tying every 6in with white or yellow plastic 
fasteners or polymeric braid.  The patch shall be extended 12in beyond the edges 
of the damaged area.   
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APPENDIX 4-22616 
 STORM WATER MANAGEMENT PLAN 

DATA SHEETS & BMP SKETCHES 

Note to Reviewer:  Appendix 4-2 is superseded by Appendix 14-1. Hence, 
Amendment 1, Adequacy Response 1 Questions referenced in footnotes cannot be 
reconciled in this appendix.   
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