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Untreated AN Treated

ANALYTE UNITS RESULT RESULT-3/1 Result-3/8 Result 8/1
Aluminum mg/L 3.5 0.279 0.104 0.18
Arsenic mg/L  <0.0025 <0.0025 <0.0025 <0.0025
Cadmium mg/L  0.0554 <0.005 <0.005 <0.005
Copper mg/L  0.0187 0.026 0.179 <0.005
Iron mg/L 25.5 1.86 0.797 25.8
Lead mg/L 0.251 <0.0025 <0.0025 <0.0025
Manganese mg/L 28.1 4.28 4.09 9.99
Zinc mg/L 32.1 0.189 0.135 1.35
pH S.U. 5.86 6.19 6.82 6.21




USEPA SW-846, Method 1320 (Multiple Extraction Procedure

ANALYTE

UNITS

1
EPTOX-1310

2

SPLP-1312

Trending

Status

Run1
Aluminum
Arsenic
Cadmium
Copper
Iron
Lead
Manganese
Zinc

Run 2
Aluminum
Arsenic
Cadmium
Copper
Iron
Lead
Manganese
Zinc

Run 3
Aluminum
Arsenic
Cadmium
Copper
Iron
Lead
Manganese
Zinc

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

0.216
ND
ND
ND

ND

ND

0.461
ND
ND
ND

ND

ND

T
viable
viable
viable

T
viable
viable
viable

T
viable
viable
viable
viable
viable
viable
viable

T
viable
viable
viable

T
viable
viable
viable
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Parameter

Aluminum, dissolved

Aluminum, total

Arsenic, dissolved

Arsenic, total

Cadmium, dissolved

Cadmium, total
Calcium, total

Copper, dissolved

Copper, total
Iron, dissolved
Iron, total

Lead Dissolved
Lead, total
Magnesium, total

Manganese, dissolved

Manganese, total
Nickel, dissolved
Nickel, total
Sulfate

Zinc, dissolved
Zinc, total

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

conpnnnnt

Units Untreated

1.23
1.27
<0.025
0.040
0.0753
0.0750
207
0.059
0.0600
18.8
88.6
0.558
0.607
113
68.2
68.8
0.0615
0.059

AN - Treated

R-1 R-2
0.476 0.05
0.893 0.19
<0.0030 0.0004 J
<0.0030 0.0004 )
0.0500 0.020
0.0492 0.021
NT 197
0.00993 0.0018 J
0.0107 0.0014 )
36.8 1.98
44.9 1.98
<0.00300 0.00027J
0.00539 0.00086
NT 74.7
61.0 46.66
60.5 48.04
0.162 0.024
0.165 0.025
NT 858
14.5 2.197
15.1 2.296




Bunker Mine/Kellogg Tunnel, Kellogg ID

AN Solids

AN - Solids

Unresolved: Sulfur, metal recovery parameter

Gypsum
Needles

Aluminum, total
Arsenic, total
Cadmium, total
Calcium, total
Copper, total
Iron, total

Lead, total
Magnesium, total
Manganese, total
Nickel

Silver

Sulfur, total

Zinc, total

pH

R-1

Units  Result
mg/Kg 42,149
mg/Kg 7.66
mg/Kg 8.67
mg/Kg 9,095
mg/Kg 129
mg/Kg 36,996
mg/Kg 128
mg/Kg 7,250
mg/Kg 4,076
mg/Kg 40.2
mg/Kg 0.83
mg/Kg 8,707
mg/Kg 7,866

S.U. 6.99

R-2
Result

18,400
54.8
41.5
5190
931
414,000
478
5020
4940
455
NT
2.88
40,400
7.12









AN Treatability Results
Mogul Mine AMD Treatability Study Data

Untreated AN Treated

ANALYTE Total Total Dissolved
Aluminum 3.34 3.32 0.06
Arsenic <0.0025 <0.0005 0.0002 )
Cadmium 0.0573 <0.0001 0.000125J
Copper 0.0197 0.0087 0.0013J
Iron 11.2 0.574 0.03)
Lead 0.253 0.0007 0.00016 J
Manganese 26.2 0.27 0.30
Nickel 0.0216 0.0105 0.009
Silver <0.0005 <0.0001 ND
Zinc 321 <0.050/0.0255 0.019
pH 3.46 N/A 6.48/7.52
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Water Untreated AN Treated
Cement Cement Cement
Creek Creek  Creek
Parameter UNITS Total Total Dissolved
i Aluminum mg/L 12.7 1.29 0.04

Arsenic mg/L  0.0027 0.0003 J NT
Cadmium mg/L  0.0397 0.0002 J 0.0002 )

5 5 5 I 1 0 0 6 5 ) 6

Copper mg/L 1.83 0.03 0.0013)J)
Iron mg/L  20.6 0.23 0.05
Lead mg/L  0.0661 0.0002 J <0.0005
Manganese mg/L 19.5 1.422 1.446
Nickel mg/L  0.0432 0.003 0.0037
Zinc mg/L 8.86 0.009 0.0027)

A 0 0 0

pH sU 319  N/A  7.83

__________

-----




Multiple Extraction Results by Extraction No. and Type (USEPA SW-846 Method 1320, Extraction Method)
AN Solids 1 2 3 4 5 6 7 8 9 10 1000 Yr
Metal TOTAL (mg/Kg) EP-1310 SPLP-1312 SPLP-1312 SPLP-1312 SPLP-1312 SPLP-1312 SPLP-1312 SPLP-1312 SPLP-1312 SPLP-1312 sum
Aluminum 166,910 1.04 1.87 3.98 0.22 0.28 0.23 0.18 0.18 0.31 0.2 8.49
Cadmium 12.8 0.009 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.009
Copper 656 <0.02 0.021 0.028 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.069
Iron 254,290 146.2 2.26 491 0.25 0.32 0.21 0.26 0.14 0.17 0.12 155
Lead 9.1 <0.05 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Manganese 8,525 17.26 1.625 0.365 0.059 0.039 0.14 0.21 0.042 0.047 0.028 19.8
Zinc 4,211 0.149 0.299 0.104 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.57

All units in mg/L unless noted
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Creek Sediments

EEEE

Multiple Extraction Results by Extraction No. and Type (USEPA SW-846 Method 1320, Extraction Method)

1 2 3 4 5 6 7 8 9 10 1000-Yr
Metal Total (mg/Kg) EP-1310 SPLP-1312 SPLP-1312 SPLP-1312 SPLP-1312 SPLP-1312 SPLP-1312 SPLP-1312 SPLP-1312 SPLP-1312 SUM
Aluminum 9130 0.279 0.216 0.461 0.164 0.062 0.174 0.406 0.556 0.562 1.65 4.53
Arsenic 437 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100
Cadmium 7.69 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.100
Copper 274 0.026 <0.050 <0.020 0.021 0.025 <0.080 0.045 0.102 0.130 0.182 0.531
Iron 72300 1.86 0.564 0.771 0.397 0.337 0.505 1.40 1.48 1.51 3.58 12.4
Lead 1040 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100
Manganese 738 4.280 0.788 0.550 0.406 0.828 0.596 0.661 0.584 0.397 0.393 9.5
Zinc 897 0.189 <0.050 <0.050 <0.050 0.128 0.151 0.244 0.291 0.230 0.235 1.47

All units in mg/L

5 5 5 5 5 ) 0 1 0 0

BRI EEE PP EEEEEEEEE R
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AN Treatability Results
American Tunnel

April 12-15, 2016

Parameter
Aluminum, total
Aluminum, dissolved
Cadmium, total
Cadmium, dissolved
Calcium, total
Calcium, dissolved
Copper, total

Copper, dissolved
Iron, total

Iron, dissolved
Magnesium, total
Magnesium, dissolved
Manganese, total
Manganese, dissolved
Lead, total

Lead Dissolved

Zing, total

Zinc, dissolved

pH

AN

Units Untreated Treated
mg/L 5.15 1.39
mg/L 435  <0.500
mg/L  0.0019  0.0015
mg/L 0.0022 0.0017
mg/L 421 514
mg/L 424 391
mg/L 0.0160 <0.0100
mg/L 0.0136 0.0018
mg/L 129 102
mg/L 126 75.2
mg/L 30.1 29.
mg/L 29.9 23.1
mg/L 44.2 33.5
mg/L 42.5 36.3
mg/L <0.0050 <0.0050
mg/L <0.0050 <0.0050
mg/L 14.1 4.10
mg/L 14.4 4.09
S.U. 3.82 7.66

1
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April 12-15, 2016

AMD

Parameter
Aluminum, total
Aluminum, dissolved
Arsenic, total
Arsenic, dissolved
Calcium, total
Calcium, dissolved
Cadmium, total
Cadmium, dissolved
Copper, total
Copper, dissolved
Iron, total

Iron, dissolved

Lead, total

Lead Dissolved
Magnesium, total
Magnesium, dissolved
Manganese, total
Manganese, dissolved
Sulfate

Sulfide, total

Sulfur, total

Sulfur, dissolved
Zinc, total

Zinc, dissolved

pH

pH

* Historic average

Units
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
S.U.

S.U.

AN Treatability Results
Gold King Mine AMD

Untreated

13.9
8.94
53*
62*
367
371
0.0379
0.0384
2.96
2.69
58.5
43.8
0.0193
0.0086
17.7
17.4
21.5
20.0
1685*
NT

NT

NT
21.5
10.1
5.2
3.28*

AN Treated

R-1 R-1A R-2 R-3
1.43 1.39 DGap DGap
<0.500 <0.500 DGap DGap
NT NT 0.0004J) 0.000351)
NT NT  0.0005 0.00036)
342 340 143.8 102.2
335 302 151.2 90.8
0.0285 0.0017 0.0012 <0.00025
0.0302 0.0014 0.0009 <0.00025
0.114 <0.0100 0.008 0.002
0.109 <0.0100 0.0016) 0.0013 )
5.58 <0.500 23.54 2.05
4.28 <0.500 0.03J 0.007J
<0.0050 <0.0050 0.00017)J 0.0017
<0.0050 <0.0050 <0.0005 <0.0005
16.4 13.4 7.4 2.8
16.3 12.1 7.7 25
18.2 5.53 7.762 0.303
18.6 5.44 4.631 0.012
983 811 NT NT
NT NT <0.05 NT
NT NT 157 153
NT NT 167 166
5.54 <0.100 0.038 0.019
5.69 <0.100 0.0074 0.001)
5.75 7.66 6.62 7.24
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AN vs. Lime Treatment — Mogul Mine AMD

Comparison of Lime vs. AN Treated AMD for Dissolved Metals and pH

Mogul Mine, Cement Creek/Animas River Basin, Colorado

Potential
Lime Treated Lime Treated| AN Treated |Discharge

Parameter Units Untreated pH7.86S.U. pH 10.34 S.U.|pH7.00avg.S.U.| Limits
Aluminum mg/L 3.5 0.05 0.17 0.06 N/A
Arsenic mg/L <0.0025 0.0004 ) 0.0003) 0.0002 J N/A
Cadmium mg/L 0.054 0.031 <0.00025 0.000125 ) 0.050
Chromium mg/L N/A <0.001 <0.001 N/A N/A
Copper mg/L  0.0187 0.002 0.0007 ) 0.0013) 0.015
Iron mg/L 25.5 <0.050 <0.050 0.03) N/A
Lead mg/L 0.251 0.00016J <0.0005 0.00016J 0.010
Manganese mg/L 28.1 22.10 0.068 0.30 TBD
Nickel mg/L 0.016 0.017 0.007 0.009 N/A
Silver mg/L 0.00006 J <0.0002 <0.0002 <0.00001 N/A
Zinc mg/L 32.1 8.740 0.022 0.019 0.75
pH S.U. 3.46 7.86 10.34 6.48/7.52] 6.5-9.0
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Summary of AN & MBS

e AN is electric power driven. Comparable/less cost than alkali.

e Elevates pH of AMD and other acidic fluids without reagent addition
e Removes heavy metals

* No filtration (used to date), but suitable for polishing component addition.
e Scalable. 10-50 gpm system in fabrication.

* No base, alkali, polymer, or other chemical reagents required.

e AN solids:
* No mass increase from added calcium or other chemical reagents
* Treatable for RCRA metals per TCLP with MBS

» ALL metals in solids treatable with MBS to yield end-product solids with 1000 year
stability against leaching

e AN effluent suitable for delivery to penstock and turbine for hydropower
generation for AN system. Excess to grid??
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