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1. PROJECT DESCRIPTION/HISTORY 

 
Between 1920 and 1989, approximately 4.6 million tons of tailings were deposited in the Elsa 

Tailings Facility, downslope in the upper Flat Creek valley and encompass an area of over 

130 ha.  The thickness of the tailings ranges from 0.1 m– 0.2 m to over 4 m.  The location of the 

Elsa Tailings Facility is shown in Figure 1.  The tailings facility represents the largest single 

liability in the closure of the Keno Hill Silver District.  In 2007, Elsa Reclamation and 

Development Company Ltd. (ERDC) commissioned SRK Consulting (SRK) to begin assessing 

various closure options associated with the Elsa Tailings Facility.  Under any final closure option 

selected, consolidation and movement of the tailings is likely involved to varying degrees 

depending on the final option selected.  If the tailings need to be consolidated and re-handled for 

final closure measures, investigating a reprocessing scenario that can be incorporated into final 

closure is a logical and prudent step in the closure planning process.  Recovery of remaining 

economic value from the tailings (i.e. silver/gold) offers the potential to significantly offset the 

final closure costs and result in a reduced footprint for final covering. 

 

The approach to reprocessing silver and gold from the Elsa tailings is not a new concept and there 

have been a number of assessments completed by previous operators and owners of the district.  

Previous assessments include considerable drilling, sample collection, and metallurgical testing; 

all of which is considered credible and reliable support information for this preliminary stage 

assessment.  This report offers a scoping level assessment to the potential economics of 

reprocessing silver from the Elsa Valley Tailings using conventional reprocessing technologies. 
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1.1. PREVIOUS ASSESSMENTS 

 

There is a minimum of four historic reports on the potential for reprocessing of Elsa tailings.  A 

summary of the pertinent findings of each of these reports follows.  The full reports are included 

in Appendix D.  Additional reports and testwork are referenced in these reports but copies have 

not been located. 

 

1.1.1. Internal UKHM1 Office Correspondence – January 1987 

 
• Conceptual report that compiled historic mill records and grades to determine potential 

metal content in the tailings; 

• Based on historic records, estimated treatable metal content in tailings was 3.2 million 

tons @ 3.92 opt Ag, 1.17% Pb, 0.79% Zn (12,544,000 ounces Ag); 

• No additional sampling, assaying or metallurgical testing was carried out; 

• Envisioned an open air gravity pre-concentration and cyanidation recovery process; 

• Recommended follow-up sampling and testwork to verify assumptions and potential. 

 

1.1.2. 1987 – 1988 Tailings Drilling Program 

 
• Based on the recommendations from the Jan 1987 report, UKHM initiated an auger 

drilling program in the tailings; 

• Tailings were fully delineated on a 100 ft. x 100 ft. (30 m x 30 m) grid.  A total of 5,400 

feet of drilling in 379 holes was completed using a Schramm drill; 

• Drilling program resulted in total tailings of 4,049,000 tons @ 3.14 opt Ag (12,713,000 

ounces Ag).  This report also verified the historic mill discharge Ag grade of 3.98 opt 

(compares favorably to the Jan 1987 report); 

• Based on the distribution of tailings in the valley, an initial estimate of selective mining 

potential indicated 1.0 million tons @ 5.35 opt Ag (5,350,000 ounces Ag); 

• No metallurgical testing or economic analysis was completed in this assessment. 

 

                                                      
1 United Keno Hill Mines Limited  
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1.1.3. Scoping Testwork on the Recovery of Silver, Lead and Zinc on Tailing Material – 
December 1995 

 
• First report (found in historic records) summarizing metallurgical testing on tailings 

material; 

• Two grab samples (~50 kg.) were collected and testing included gravity separation and 

flotation; 

• The Ag grades in the samples tested ranged from 2.45 – 3.85 opt with Pb and Zn values 

both <1%; 

• The majority of the lead and zinc is in an oxide form; 

• Four separate flotation tests were completed using varying reagent schemes and dosages.  

The Ag recovery in the flotation tests varied from 23.1% – 33.8%.  The poor recovery 

was attributed to the high oxide forms of the lead and zinc; 

• Gravity separation tests included the use of a Falcon concentrator followed by a Knelson 

concentrator.  The overall silver recovery with gravity separation was 4%; 

• Results from this cursory metallurgical testing indicates that flotation and gravity 

separation are not likely process options; 

• Given the fact that this testwork was completed on only two samples brings into question 

the representativeness of the testwork and samples on the overall tailings material. 

 

1.1.4. Investigation into the Reprocessing of Elsa Tailings – Hawthorne March 1996 

 
• Report summarizes historic reports and assessments; 

• The report presents contradictory testwork conclusions.  As an example, 1995 UKHM 

testwork on gravity separation returned only a 2% recovery; however, the Hawthorne 

report discusses the encouraging results from gravity testwork.  Additional metallurgical 

testing is referenced (i.e. UKHM 1988) but copies of this work have not been located; 

• Discusses results from Candora Operating Company on favorable heap leach test results 

(bottle and column tests); however, no copy of the report is available; 

• Concludes that approximately 1,700,000 tonnes @ 4.45 opt Ag can be excavated and 

heap leached; 

• Summarizes that at a silver price of US$ 5.50/oz heap leaching is encouraging but there 

are no supporting capital and operating cost data to support this conclusion. 
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2. SILVER GRADE CONFIRMATION 

 
Based on Alexco2/ERDC experience over the past 3 years in the district, historic information 

(geological, resource estimation, site conditions) has proved to be reasonably accurate and can be 

relied upon for estimating current conditions.  As part of the valley tailings assessment closure 

study, 19 test pits were excavated throughout the Valley Tailings in 2007 to collect geochemical 

information.  Representative samples from these test pits were composited and sent to ALS 

Chemex for full metals analysis.  The full suite of analytical results is presented in Table 1.  A 

summary of the depth of tailings encountered in the 19 test pits excavated in 2007 along with the 

average silver grade for the test pits analysed is presented in Table 2.  Not all of the 2007 test pits 

were assayed.  The approach was to select test pits that were within areas identified in previous 

studies to correlate historic grade distributions with current assay results.  Volume and grade are 

presented in short tons and ounces to accurately compare with historic estimates and units of 

measurements used at UKHM.   Historic records and production at UKHM were based on 

imperial tons rather than metric tonnes.  Likewise grades were based on ounces per ton (opt) 

rather than grams per tonne (gpt).  Going forward, the economic analysis presented in this study 

is based on metric units for grade and tonnage (tonnes and gpt).   

 

Figure 2 represents an example of one of the numerous test pits that were excavated in 2007 

along with the test pit logs completed during the sampling project.  Figure 3 presents the location 

of the test pits that were analysed for silver and other parameters for this study.  The area of the 

outlined perimeter of the tailings shown in Figure 3 is ~752,931 m2.  Using the average depth of 

tailings sampled in this area (2.1 meters) times an estimated in-situ density of 1.5, the tonnes of 

tailings potentially available for reprocessing is 2,371,000 tonnes (2,631,520 tons).  Table 3 

compares the 2007 ERDC sampling results completed for this study against historic silver tailings 

assessment programs that have been evaluated in the past. 

 
 
 

                                                      
2 ERDC is a wholly owned subsidiary of Alexco Resource Corp. 



Table 1  Full Suite Sample Analysis
CLIENT ALERES - Alexco Resource Corp.
# of SAMPLES 33
DATE RECEIVED 260808
DATE COMPLETED 180908
PROJECT Keno Hill
CERTIFICATE COMMENT ALL:NSS is non-sufficient sample. 
PO NUMBER 1620-720-034

WEI-21 Au-AA25 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61
SAMPLE Recvd Wt. Au Ag Al As Ba Be Bi Ca Cd Co Cr
DESCRIPTION kg ppm ppm % ppm ppm ppm ppm % ppm ppm ppm
DETECTION 0.02 0.01 0.5 0.01 5 10 0.5 2 0.01 0.5 1 1
TP-08-03 4.52 0.1 60.5 1.12 765 180 <0.5 <2 0.28 74.1 3 22
TP-08-04 5.99 0.17 >100 1.09 729 210 <0.5 <2 0.34 178 3 15
TP-08-08 4.8 0.14 80.3 1.2 1250 180 <0.5 <2 0.6 115 4 16
TP-08-10 4.54 0.11 95.8 1.63 1045 230 <0.5 <2 0.53 126 4 27
TP-08-10A 0.06 1.52 21.9 7 8 800 0.9 <2 4.35 102 9 21
UKTP03-A 1.92 0.28 >100 0.82 2870 120 <0.5 2 0.37 117 5 11
UKTP03-B 1.77 0.26 >100 1.27 2000 170 <0.5 5 0.36 93.8 4 19
UKTP03-C 1.34 0.12 >100 4.69 287 950 1.1 <2 1.17 493 14 66
UK-TP03-Z 7.53 0.22 >100 1.89 1705 300 0.5 <2 0.56 186 7 31
UK-TP03-ZZ <0.02 0.23 >100 1.74 1710 280 0.5 3 0.54 176.5 7 26
UKTP07-A 1.71 0.15 >100 1.12 1635 160 <0.5 <2 0.33 130.5 3 19
UKTP07-C 2.32 0.08 59.2 2.99 865 410 0.7 <2 0.79 169 7 48
UKTP07-D 1.15 0.01 13.8 2.58 160 560 0.7 <2 1.31 103 16 40
UKTP07-Z 5.42 0.11 69.2 2.04 909 310 0.5 <2 0.68 160 6 34
UKTP12-A 1.84 0.06 >100 1.17 660 250 <0.5 <2 0.13 72.3 2 25
UKTP12-H 1.54 0.05 >100 1.15 337 320 <0.5 <2 0.41 80.7 1 20
UKTP12-HH 1.05 <0.01 0.7 0.14 7 10 <0.5 <2 18.6 0.5 2 4
UKTP12-N 0.71  NSS >100 0.99 122 330 <0.5 <2 1.83 12.5 5 18
UKTP12-Z 13.79 0.09 >100 1.97 532 520 0.5 <2 0.46 80.9 4 36
UKTP14-A 1.62 0.21 >100 0.98 1320 490 <0.5 5 0.28 158 5 17
UKTP14-E 2.52 0.3 >100 0.98 1730 310 <0.5 3 0.47 170 9 15
UKTP14-H 0.77 0.05 >100 3.35 385 1210 0.9 <2 1.49 107.5 14 45
UKTP14-Z 5.61 0.12 >100 1.33 1145 530 <0.5 <2 0.55 132.5 4 24
UKTP14-ZZ 0.06 0.1 >100 4.07 981 300 0.7 343 1.81 6.1 7 35
UKTP15-A 1.84 0.14 83.1 1.11 1620 240 <0.5 6 0.72 103.5 4 18
UKTP15-C 1.85 0.18 >100 0.92 1905 130 <0.5 2 0.5 178 2 16
UKTP15-F 1.28 0.02 28.8 3.94 87 810 1 <2 1.71 12.8 9 54
UKTP15-Z 6.62 0.13 81.5 2.23 1475 370 0.6 4 0.86 157.5 6 39
UKTP17-A 1.82 0.18 >100 0.86 2570 140 <0.5 4 0.24 174 6 16
UKTP17-C 2.19 0.14 >100 1.08 954 160 <0.5 4 0.32 137 <1 15
UKTP17-CC 1.06 <0.01 0.8 0.14 <5 10 <0.5 <2 19.95 0.8 1 3
UKTP17-E 1.61 0.22 19 4.86 65 820 1.1 2 1.34 7.7 18 63
UKTP17-Z 11.86 0.29 >100 1.35 1720 240 <0.5 6 0.44 125.5 6 21

Overall Average 3.21 0.19 47.28 1.93 1048.53 365.15 0.75 29.92 1.95 119.45 6.16 26.64
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Table 1  Full Suite Sample
CLIENT
# of SAMPLES
DATE RECEIVED
DATE COMPLETED
PROJECT
CERTIFICATE COMMENT
PO NUMBER

SAMPLE
DESCRIPTION
DETECTION
TP-08-03
TP-08-04
TP-08-08
TP-08-10
TP-08-10A
UKTP03-A
UKTP03-B
UKTP03-C
UK-TP03-Z
UK-TP03-ZZ
UKTP07-A
UKTP07-C
UKTP07-D
UKTP07-Z
UKTP12-A
UKTP12-H
UKTP12-HH
UKTP12-N
UKTP12-Z
UKTP14-A
UKTP14-E
UKTP14-H
UKTP14-Z
UKTP14-ZZ
UKTP15-A
UKTP15-C
UKTP15-F
UKTP15-Z
UKTP17-A
UKTP17-C
UKTP17-CC
UKTP17-E
UKTP17-Z

Overall Average

ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61
Cu Fe Ga K La Mg Mn Mo Na Ni P Pb S

ppm % ppm % ppm % ppm ppm % ppm ppm ppm %
1 0.01 10 0.01 10 0.01 5 1 0.01 1 10 2 0.01

104 7.58 <10 0.33 10 0.28 32900 1 0.02 9 250 7240 1.71
529 13.35 <10 0.31 10 0.39 62000 <1 0.02 7 310 1.22
116 11.6 <10 0.32 10 0.43 51100 <1 0.02 12 300 8350 3.26
179 11.05 <10 0.46 10 0.39 47600 1 0.03 11 350 2.41

2680 4.56 20 0.66 10 1.34 1235 3 1.59 7 800 1.74
121 19.05 <10 0.23 10 0.33 76200 <1 0.01 16 290 5810 6.6
191 16.4 <10 0.36 10 0.45 59900 <1 0.02 12 260 4.74
117 4.31 10 0.97 30 0.66 10850 1 0.68 54 910 660 1.03
140 14.45 <10 0.45 10 0.46 52800 <1 0.17 24 410 6670 4.59
137 14.85 <10 0.42 10 0.45 55000 <1 0.15 22 370 6760 4.8
114 11.3 <10 0.32 10 0.29 38500 <1 0.02 13 300 6900 2
304 9.63 10 0.86 10 0.32 43400 <1 0.07 16 450 2.4
108 3.2 10 0.55 10 0.6 24400 2 0.3 48 750 1640 2.16
207 9.01 10 0.57 10 0.32 36400 1 0.07 18 400 2.11
244 5.59 <10 0.33 10 0.09 19400 1 0.03 8 320 7820 0.23
100 5.83 <10 0.34 10 0.16 30200 1 0.02 5 260 8960 0.45

1 0.15 <10 0.02 <10 10.85 223 <1 <0.01 3 290 30 0.03
198 2.57 <10 0.15 <10 0.18 2820 2 0.09 42 1590 460 0.82
173 6.81 10 0.57 10 0.22 27100 1 0.05 13 410 9240 1.15
320 12.8 <10 0.27 10 0.26 52800 <1 0.04 15 240 3.05
232 13.3 <10 0.3 10 0.36 44400 <1 0.03 26 220 6.63
448 4.79 10 0.79 10 0.47 4150 2 0.22 43 950 675 0.58
174 9.88 <10 0.39 10 0.29 38800 <1 0.05 16 310 9060 2.82

5190 7.86 10 1.02 10 0.84 8100 567 1 13 1450 668 0.75
116 10.1 <10 0.33 10 0.3 40000 1 0.04 15 240 6180 3.13
149 11.85 10 0.26 10 0.37 48700 <1 0.03 15 200 9900 3.93
106 3.35 10 0.82 20 0.55 3520 1 0.55 28 910 1295 0.74
152 10.1 10 0.6 10 0.4 40400 <1 0.12 19 400 9500 2.77
148 13.25 <10 0.25 10 0.26 52300 <1 0.03 17 210 4.78
499 14.05 <10 0.31 10 0.34 59500 <1 0.04 8 310 1.7

5 0.15 <10 0.03 <10 11.1 265 <1 0.01 1 270 62 0.03
53 2.94 10 1.07 20 0.67 7150 <1 0.76 38 830 485 1.22

276 12.15 <10 0.36 10 0.36 46700 <1 0.1 17 390 3.57

413.06 9.03 10.83 0.46 11.33 1.05 33903.42 41.79 0.20 18.52 483.33 4925.68 2.40
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Table 1  Full Suite Sample
CLIENT
# of SAMPLES
DATE RECEIVED
DATE COMPLETED
PROJECT
CERTIFICATE COMMENT
PO NUMBER

SAMPLE
DESCRIPTION
DETECTION
TP-08-03
TP-08-04
TP-08-08
TP-08-10
TP-08-10A
UKTP03-A
UKTP03-B
UKTP03-C
UK-TP03-Z
UK-TP03-ZZ
UKTP07-A
UKTP07-C
UKTP07-D
UKTP07-Z
UKTP12-A
UKTP12-H
UKTP12-HH
UKTP12-N
UKTP12-Z
UKTP14-A
UKTP14-E
UKTP14-H
UKTP14-Z
UKTP14-ZZ
UKTP15-A
UKTP15-C
UKTP15-F
UKTP15-Z
UKTP17-A
UKTP17-C
UKTP17-CC
UKTP17-E
UKTP17-Z

Overall Average

ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 ME-ICP61 Pb-OG62 Ag-OG62 Zn-OG62
Sb Sc Sr Th Ti Tl U V W Zn Pb Ag Zn

ppm ppm ppm ppm % ppm ppm ppm ppm ppm % ppm %
5 1 1 20 0.01 10 10 1 10 2 0.01 0.5 0.01

210 2 13 <20 0.07 10 <10 22 <10 5140 60.5 5140
603 3 19 <20 0.1 20 <10 27 <10 8240 2.72 609 8240
265 3 20 <20 0.06 20 <10 23 <10 7070 80.3 7070
350 4 22 <20 0.1 20 <10 33 <10 7540 1.14 95.8 7540
32 11 504 <20 0.24 <10 <10 102 <10 >10000 1.24 21.9 20700

265 3 11 <20 0.06 20 <10 18 <10 8590 145 8590
313 3 19 <20 0.08 20 <10 25 <10 6320 1.26 155 6320
31 10 132 <20 0.31 10 <10 89 <10 5500 126 5500

220 5 42 <20 0.12 20 <10 39 <10 6830 148 6830
226 4 38 <20 0.11 20 <10 35 <10 6970 143 6970
190 3 14 <20 0.06 10 <10 23 <10 4570 104 4570
535 6 40 <20 0.14 10 <10 57 <10 8210 1.71 59.2 8210
47 6 72 <20 0.16 10 <10 56 <10 7150 13.8 7150

322 4 31 <20 0.11 10 <10 41 <10 6470 1.13 69.2 6470
358 3 28 <20 0.08 10 <10 25 <10 2290 154 2290
277 3 27 <20 0.09 10 <10 26 <10 3690 114 3690
<5 1 106 <20 0.01 <10 <10 3 <10 20 0.7 20
14 3 74 <20 0.04 <10 <10 22 <10 579 109 579

310 4 36 <20 0.11 10 <10 41 <10 4250 116 4250
336 3 23 <20 0.09 10 <10 23 <10 9810 1.36 258 9810
303 3 19 <20 0.07 <10 <10 22 <10 >10000 1.39 282 12800
22 8 93 <20 0.15 <10 <10 73 <10 4920 194 4920

270 4 27 <20 0.09 10 10 29 <10 8010 153 8010
1830 10 175 <20 0.15 <10 10 69 <10 465 402 465
203 3 17 <20 0.06 <10 10 23 <10 7250 83.1 7250
303 2 14 <20 0.05 <10 <10 17 <10 >10000 140 12900
44 9 132 <20 0.24 <10 <10 79 <10 855 28.8 855

299 5 42 <20 0.11 <10 <10 44 <10 9630 81.5 9630
276 2 12 <20 0.05 <10 10 17 <10 >10000 1.15 131 12000
660 3 14 <20 0.09 10 10 26 <10 6740 3.45 559 6740
<5 <1 107 <20 0.01 <10 <10 2 <10 31 0.8 31
19 10 135 <20 0.3 <10 <10 89 <10 4080 19 4080

420 4 29 <20 0.09 <10 10 30 <10 8470 1.74 299 8470

308.16 4.59 63.24 <20 0.11 13.68 10.00 37.88 <10 5506.55 1.66 150.17 6608.79

4.38 opt

Page 3 of 3
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TABLE 2.  2007 VALLEY TAILINGS TEST PIT AVERAGE DEPTHS AND GRADE 
 

TEST PIT ID TEST 
PIT 

DEPTH 
(M) 

TEST 
PIT Ag 
GRADE 
(GPT) 

TEST 
PIT Ag 
GRADE 
(OPT) 

HISTORIC 
GRADE 

RANGES 
WITHIN TEST 

PIT 
LOCATION 

TP-01-07 4.80    
TP-02-07 0.90    
TP-03-07 0.30 143.4 4.18 2-4 
TP-04-07 2.30    
TP-05-07 2.70    
TP-06-07 1.40    
TP-07-07 0.75 61.55 1.80 2-4 
TP-08-07 1.30 173.5 5.06 0-2 

     
TP-10-07 2.00    
TP-11-07 3.00    
TP-12-07 4.00 98.74 2.88 2-4 
TP-13-07 1.60    
TP-14-07 0.35 257.8 7.52 2-4 
TP-15-07 1.80 83.35 2.43 +4 
TP-16-07 1.40    
TP-17-07 0.80 201.76 5.89 +4 
TP-18-07 2.07    
TP-19-07 4.70    

     
Simple Average  4.25 Opt 
Hole Depth Weighted Average 3.49 Opt 
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TABLE 3.  HISTORIC TAILINGS ASSESSMENT COMPARISON 

 
STUDY DATE TONS TAILINGS SILVER OPT POTENTIAL 

SILVER OZ. 
1970 2,156,175 1.91 4,118,294 
Jan 1987 3,200,000 3.92 12,544,000 
1988 4,049,000 3.14 12,713,860 
1988 1,000,000 5.35 5,350,000 
1996 1,700,000 4.45 7,565,000 
Historic Production Records 4,049,670 3.98 16,117,687 
2007/08 2,631,520 4.25 11,183,960 

 
Note that in all of the tailings reprocessing studies completed in the past, the estimated volume of tailings 

for reprocessing is significantly less than what was deposited from historic production records.  This is due 

to many of the areas of the tailings facility having a very thin layer of tailings that would not be efficient or 

possible to retrieve and rehandle under a reprocessing program.  This same problem will be an issue in a 

stand alone closure option of reconsolidation and covering. 

 

The tonnage estimate presented in the current 2007/08 estimate is generally consistent with 

previous assessments and estimates made by UKHM.  There are obvious variances in both grade 

and tonnage across the various historic studies and assessments, but the results are within 

expected variance given the differences in sampling and estimating approaches.  These variances 

are primarily attributed to differences in study design and approach (i.e. grid drilling vs. test pits 

vs. historic records) and not necessarily reflective of a high level of uncertainty in the amount of 

silver available for reprocessing and recovery.   

 

In addition to the silver grade of the historic tailings, an appreciable amount of manganese is 

present, with an approximate overall grade of 3.4%.  Current manganese prices are within the 

$US 2,200/ton range.  Although not within the scope of this assessment, the opportunity to 

recover manganese should be investigated in future studies.  

 

The assayed tailings returned an average gold grade of 0.19 gpt.  Although low grade in nature, 

gold would be recovered in a potential cyanide process and will enhance the overall project 

economics.  Since the gold will be recovered in a cyanide process similar to silver, for the 

purposes of the economic analysis, a gold grade of 0.15 gpt has been assumed (discounted 20% 

from average test pit grades) and a conservative recovery of 50% assumed which is lower than 

the bottle roll tests for silver.     
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3. PROCESSING OPTIONS 

 
There are a number of processing options to consider for reprocessing the Elsa tailings.  Each of 

these options has inherent pros and cons associated with the particular technology and approach.  

Although some of these options can be eliminated without further consideration, Table 4 presents 

the various technologies that could reasonably be investigated for further consideration as a 

reprocessing technology.  A detailed assessment including testwork on all of these options would 

have to be completed in order to select a final preferred option.   

 

There are other technologies that have not been included in this initial assessment as shown in 

Table 4.  For example, thiosulfate leaching the tailings in a vat approach is a process that on paper 

would be technically possible but from a practical standpoint is not currently being considered 

due to the increased risk and technical research and development that would be required to pursue 

a process that is not “off the shelf”.  This process flowsheet (thiosulfate leaching in a vat) was 

attempted on a silver tailings reprocessing project (Baronne Project, Mexico) in 2004/05 without 

commercial success. 

 

Pre-concentration of the tailings followed by cyanidation is another example of a process 

approach that could be considered during an optimization step.  At this stage of the assessment, 

cyanidation of the tailings using conventional heap leach technology is used as the basis for 

reprocessing.  This does not suggest that cyanidation is the current preferred option but it is the 

most well know and commercially established process for recovery of gold and silver and is 

therefore used as the basis for this assessment.  There are a number of variations to this process 

that will require further testwork and assessment.  Cyanidation of the Elsa tailings was a practice 

used historically in the Elsa mill to recover oxide silver.     

 

Vat leaching should be one of the primary process options to consider for future studies and 

assessments.  An example of a tailings vat leach system is shown in Figure 4.  There are a number 

of advantages to a vat leach approach over heap leaching tailings, including faster leaching 

kinetics, reduced solution volumes, reduced reagent consumption, reduced upsets to seasonal 

operating conditions, smaller process footprint, etc.  Not enough information is presently 

available to present vat leaching as the basis for the economic assessment but vat leaching should 

remain as a high priority candidate for a reprocessing technology and approach.   
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Figure 5 shows a typical CIP/CIL circuit that is being used to recover silver.  Figure 6 shows heap 

leaching at the Brewery Creek Mine near Dawson City, Yukon.  Heap leaching was used 

successfully at Brewery Creek on a year round basis and has demonstrated that this is a proven 

and viable technology in similar operating and climate conditions. 

 

Overall, heap leaching, vat leaching and CIP/CIL are likely the process options that warrant 

ongoing consideration and development. 
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TABLE 4.  TAILINGS REPROCESSING OPTIONS 

 
PROCESS OPTION DESCRIPTION PROS CONS DATA DEFICIENCY 
Cyanide Heap Leaching Excavate tailings using scrapers and/or 

excavator and trucks and deposit onto liner 
system.  Silver recovered from cyanide 
irrigation on heap and recovered in Merrill 
Crowe recovery plant.  Tailings will require 
lime/cement agglomeration and/or mixing 
with competent rock (mineralized waste 
rock) to provide heap stability and proper 
percolation 

Proven technology. 
Successfully used in 
Yukon (Brewery Creek). 
Generally lower capital 
and operating costs. 
Compatible with final 
closure options and could 
result in consolidated 
tailings over a lined 
system. 
 

Likely to require agglomeration or 
mixing with coarse waste rock to 
provide suitable percolation rates. 
Shorter process season Shutdown 
in winter. 
Requires larger holding ponds for 
solution management. 

Recovery testwork. 
Heap Geotechnical. 

Cyanide Vat Leaching Similar to heap leaching but tailings are 
deposited into concrete/lined vats and then 
cyanide solution is percolated through the 
tailings and recovered in Merrill Crowe 
recovery plant 

Proven technology. 
Compatible with final 
closure options. 
Smaller holding ponds 
for solution management. 
Easier to start and stop 
seasonally. 
Faster leaching times 
than heap leaching. 
Reduced reagent 
consumption. 
 

Requires additional material 
rehandling to unload vats. 
More complicated than heap 
leaching due to vat rotation timing 
and limitations on leaching time 
available. 
Each vat would require 
neutralization prior to unloading. 
Shorter process season shutdown 
in winter. 

Recovery testwork. 
Recovery cycle times. 
Vat design. 

CIP/CIL Cyanidation Agitated tanks are used to suspend and 
agitate a tailings slurry, cyanide solution is 
added to the tanks and the gold and silver 
leached within the tanks.  In some instances, 
carbon is added in the leach tanks at the 
same time leaching occurs (CIL) and the 
carbon is “stripped” to remove the gold and 
silver, electrowinning then recovers the 
precious metals and a dore product is 
produced. 
 
 

Proven technology. 
Smaller volumes of 
solution management. 
Easy to start and stop 
seasonally. 
Fast leaching times. 

Higher capital due to larger tanks, 
filters. 
Requires filtering pulp to produce 
dry stackable tails as end product. 
 

Recovery testwork. 
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Table 4 (cont’d)     
PROCESS OPTION DESCRIPTION PROS CONS DATA DEFICIENCY 
Flotation Similar process used historically as well as 

future operations.  Silver in sulphide forms 
is floated and recovered for sale and 
transportation as a concentrate 

Proven technology. 
Possible to operate year 
round. 

Silver in oxide forms will result in 
lower recoveries due to poor 
flotation. 
Low throughput (<1,000 tpd) will 
result in long extended project life 
and reduced economics. 

Recovery testwork 

Flotation/cyanidation Similar as flotation above with additional 
step of cyanidation of the flotation produce 
followed by Merrill Crowe recovery and 
dore product.  UKHM operated similar 
circuit in the past 

Proven technology. 
Improved recoveries. 
Possible to operate year 
round. 

Silver in oxide forms will result in 
lower recoveries due to poor 
flotation. 
Low throughput (<1,000 tpd) will 
result in long extended project life 
and reduced economics. 

Recovery testwork 

Gravity Separation Gravity recovery would consist of 
rehandling the tailings in the same manner 
(i.e. scrapers) repulping and then processing 
through a Falcon and/or Knelson 
concentrator approach 

Proven technology. 
Possible process 
synergies with future 
milling operations. 
Possible to operate year 
round. 

Only recovers gravity silver but 
does not recover leachable silver 
associated with oxides. 

Recovery testwork 
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FIGURE 4.  EXAMPLE OF TAILINGS VAT LEACH SYSTEM 
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FIGURE 5.  EXAMPLE OF CIP/CIL SILVER RECOVERY CIRCUIT 
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FIGURE 6.  EXAMPLE OF HEAP LEACH (BREWERY CREEK MINE, YUKON) 
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3.1. METALLURGICAL TESTING 

 

Based on a review of the historic testwork completed on previous Elsa tailings reprocessing studies, 

the possible processing options presented and direct operating experience, metallurgical testwork was 

completed using standard cyanidation bottle roll techniques on the samples that were collected by 

ERDC in 2007 (Table 2).  Bottle roll tests are a standard approach to determine overall recovery of 

silver and gold using cyanide as a lixiviant.  Bottle roll tests are not sufficient to prepare final detailed 

designs and operating parameters but they do provide a good indication of potential recovery levels 

that can be used for scoping purposes. 

 

Six samples from the 2007 test pits were sent to Process Research Associates (Vancouver, BC) for 

standard cyanide bottle roll tests.  Table 5 presents the results of the bottle roll tests.  Appendix A 

presents the detailed test results for the bottle roll tests. 

 

TABLE 5.  METALLURGICAL TESTING SUMMARY 
 

Sample ID Head Grade (gpt) Ag Recovery % 
C1 142.8 72.7 
C2 93.0 58.7 
C3 118.0 59.1 
C4 246.9 41.6 
C5 88.3 42.8 
C6 321.3 67.6 

Average 168.3 57.1 
  

 

The average recovery of the six samples tested was 57%.  There does not appear to be any 

relationship between recovery and grade that would lead to a possible conclusion that the lower 

recoveries are associated with higher grade sulphides. 
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3.2. PROCESS DESCRIPTION 

 
For the purpose of the tailings reprocessing assessment, a conventional cyanidation heap leach 

process has been used as the basis for determining order of magnitude economics.  It is important to 

note that a final selection on the preferred processing option can only be made after more detailed 

assessment and engineering.  A conventional heap leach approach is used for determining potential 

economics and viability of reprocessing tailings and a detailed engineering process trade off study 

would be required. 

 

Heap leaching for recovery of gold and silver is an industry proven technology that has been used 

successfully in the Yukon (Brewery Creek Mine).  For the basis of this initial assessment, the process 

would consist of stacking tailings (likely with grasshopper conveyors) on a lined leach pad and 

recirculating a weak alkaline cyanide solution over the stacked tailings to recover silver and gold.  As 

discussed, vat leaching is also a likely candidate for reprocessing and is similar to heap leaching but 

numerous smaller vats are used rather than a single leach pad.  Agglomerations of the tailings with 

cement or lime would likely be required to provide both alkalinity and acceptable permeability for the 

leach solution.  Alternatively, mineralized waste rock could possibly be used as a substrate for mixing 

tailings.  The leach solution is collected in a series of pipes overlain on the liner system and directed 

to a recovery circuit.  A Merrille-Crowe recovery system would be used to recover gold and silver 

which would be refined on site and a dore product produced that is shipped directly to a refiner.  

 

The Merrille-Crowe Process is a separation technique for removing gold and silver from a cyanide 

solution.  The solution is clarified in special filters, usually coated with diatomaceous earth to produce 

a clarified solution.  Oxygen is then removed by passing through a vacuum deaeration column.  Zinc 

dust is then added to the clarified, deaerated solution which precipitates the gold and silver, zinc 

having a higher affinity for the cyanide ion than gold and silver.  The gold/silver precipitate is then 

filtered out of the solution, mixed with fluxes and smelted to form crude and impure bars which are 

sent to a refinery for further separation of the precious metals.  A simplified process flowsheet for a 

typical heap leach reprocessing option is shown in Figure 7.   
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Given the operational restraints of stacking material on a leach pad in northern winter conditions, the 

study assumes that tailings rehandling, stacking and leaching would occur over a 150 day period each 

year (~ May – Sept.).  The other important operational restraint that will require attention is the spring 

freshet period (late April – May) where a large portion of the current tailings becomes flooded with 

runoff water and will require material handling and water diversion measures in order to maintain a 

reasonable productivity for material handling. 

 

The general operating parameters used in the heap leaching reprocessing analysis are presented in 

Table 6. 

 

 

 



Figure 7 - Simplified Tailings Reprocessing Flowsheet
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4. ECONOMIC ANALYSIS 

 

The economic evaluation indicates a base case pre-tax internal rate of return of 17.7% and a pre-tax 

net present value of Cdn $7.7 million at a discount rate of 8.0% for the reprocessing project.  The 

summary project and economic information is shown in Table 6.    

 

The pre-tax base case financial model is calculated within the following parameters: 

• project life of 4.5 years, 3,600 tpd over 150 day operating season; 
• base case metals prices $US:  Ag $13/ounce,  Au $900/ounce; 
• 57% silver recovery; 
• US/Canadian exchange rate: 0.85; 
• closure and reclamation costs included; 
• the model was prepared on a pre-tax basis. 

 

4.1. NPV AND IRR SUMMARY 

 
This study presents the predicted NPV and IRR for the project and a sensitivity analysis of key 

variables including silver grade, silver recovery, metal prices, capital and operating costs, total 

resource tonnes and tonnes processed each season.  Initial and sustaining capital has been assumed on 

a year-by-year basis for the life of the Project.  

 

The initial capital includes all capital expenditure prior to first production of silver from the process 

plant; sustaining capital includes all subsequent capital expenditure, including equipment replacement 

based on predicted equipment life.  An overall contingency of 30% is included in the capital cost 

estimated, given the preliminary nature of the project understanding.  A discounted cash flow rate of 

8.0% was assumed. 

 

The detailed capital and operating cost calculations and assumptions are presented in Appendix B and 

Appendix C.  The cash flow analysis is shown in Table 7.   

 

Spider charts for the sensitivity cases are presented in Figure 8 and Figure 9.  It is observed that NPV 

is most sensitive to silver recovery, price and grade and less sensitive to resource tonnes, capital and 

operating costs.   IRR has the same sensitivities as the NPV.  The IRR is least sensitive to the total 

tonnes processed each season.  
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TABLE 6.  ECONOMIC ASSESSMENT SUMMARY DATA 
 

OPERATING PARAMETER DATA UNIT 
Tonnes Reprocessed 2,371,000 tonnes 
Ag Grade 150 gpt 
Ag Recovery 57 % 
Au Grade 0.15 gpt 
Au Recovery 50 % 
Daily Reprocessing Rate 3,666 tonnes/day 
Seasonal Reprocessing Rate 550,000 tonnes/season 
Project Life 4.5 years 
   
Capital Costs $28,035,000 $ Cdn 
Reclamation Costs $6,250,000 $ Cdn 
Operating Costs $19.83 $/tonne tailings 
   
NPV  $6,350,000 $Cdn @ 8% DR 
IRR 17.7 % 
   
 



Table 7 Economic Analysis

NPV @ 0% 13,668,274$ 
5% 8,828,178$   
8% 6,352,519$   

15% 1,545,934$   
IRR 17.7%

Year Year Year Year Year
-3 -2 -1 1 2 3 4 5

1 2 3 4 5
Production Statistics
Tailings Tonnes Reprocessed 550,000 550,000 550,000 550,000 171,000
Cumulative Tonnes Reprocessed 550,000 1,100,000 1,650,000 2,200,000 2,371,000
Total Tonnes Mined 550,000 550,000 550,000 550,000 171,000
Silver Grade gpt 150.00 150.000 150.000 150.000 150.000 150.000
Gold Grade gpt 0.15 0.150 0.150 0.150 0.150 0.150
Silver Ounces Delivered 2,652,435 2,652,435 2,652,435 2,652,435 824,666
Gold Ounces Delivered 2,652 2,652 2,652 2,652 825
Cumul Silver Ounces Delivered 2,652,435 5,304,869 7,957,304 10,609,738 11,434,404
Cumul Gold Ounces Delivered 2,652 5,305 7,957 10,610 11,434
Overall Silver Recovery % 57% 57.0% 57.0% 57.0% 57.0% 57.0%
Overall Gold Recovery % 50% 50% 50% 50% 50% 50%
Silver Ounces Recovered 1,511,888 1,511,888 1,511,888 1,511,888 470,060
Gold Ounces Recovered 1,326 1,326 1,326 1,326 412
Cumul Silver Ounces Recovered 1,511,888 3,023,775 4,535,663 6,047,551 6,517,611
Cumul Gold Ounces Recovered 1,326 2,652 3,979 5,305 5,717

Operating Costs $/tonne
Process/Manpower tonne/ore 12.018$        12.018$        12.018$        12.018$        12.018$        
Mining tonne/ore 3.454$          3.454$          3.454$          3.454$          3.454$          
G&A tonne/ore 1.198$          1.198$          1.198$          1.198$          1.198$          
Environmental tonne/ore 2.636$          2.636$          2.636$          2.636$          2.636$          
Power Supply tonne/ore 0.527$          0.527$          0.527$          0.527$          0.527$          
Operating Costs $/tonne 19.834$        19.834$        19.834$        19.834$        19.834$        

Operating Costs $
Process/Manpower 28,495,456$ 6,610,081$   6,610,081$   6,610,081$   6,610,081$   2,055,134$   
Mining 8,189,543$   1,899,725$   1,899,725$   1,899,725$   1,899,725$   590,642$      
G&A 2,839,435$   658,663$      658,663$      658,663$      658,663$      204,784$      
Environmental 6,250,818$   1,450,000$   1,450,000$   1,450,000$   1,450,000$   450,818$      
Power Supply 1,250,357$   290,045$      290,045$      290,045$      290,045$      90,178$        
 Operating Cash Costs 10,908,513$ 10,908,513$ 10,908,513$ 10,908,513$ 3,391,556$   
 Cash Cost/Ounce 7.22$            7.22$            7.22$            7.22$            7.22$            

Revenues
Silver Price ($ US) $Cdn:US 0.85 13.00$          15.29$          15.29$          15.29$          15.29$          15.29$          
Gold Price ($US) 900$             1,059$          1,059$          1,059$          1,059$          1,059$          
Revenue ($Cdn) 24,527,219$ 24,527,219$ 24,527,219$ 24,527,219$ 7,625,735$   
Operating Expenses ($Cdn) 10,908,513$ 10,908,513$ 10,908,513$ 10,908,513$ 3,391,556$   
Refining 0.50$            755,944$      755,944$      755,944$      755,944$      235,030$      
Cash Flow 55,450,197$ 12,862,762$ 12,862,762$ 12,862,762$ 12,862,762$ 3,999,150$   

Other Costs
Initial Capital 28,035,188$ 
Equipment Salvage Value 10% 2,803,519$   
Sustaining Capital 300,000$      300,000$      300,000$      300,000$      300,000$      
Sunk Costs Credit from INAC -$              
Loan Repayment
IMA Royalty NSR -$              -$              -$              -$              -$              
Federal Royalty NSR -$              -$              -$              -$              -$              
Pre-Tax Cash Flow 12,562,762$ 12,562,762$ 12,562,762$ 12,562,762$ 3,699,150$   
Depreciation 4.31 10,344,984$ 6,527,685$   4,118,969$   2,599,070$   1,640,013$   
Tax Base 2,217,778$   6,035,077$   8,443,793$   9,963,692$   2,059,137$   
Tax 35% 776,222$      2,112,277$   2,955,327$   3,487,292$   720,698$      
After Tax Net Cash Flow 11,786,540$ 10,450,485$ 9,607,434$   9,075,469$   2,978,452$   
Net Profits Interest 5% 589,327$      522,524$      480,372$      453,773$      148,923$      
After Tax/Interest Profit 28,035,188-$ 11,197,213$ 9,927,961$   9,127,063$   8,621,696$   2,829,529$   
Cumulative Cash Flow 28,035,188-$ 16,837,975-$ 6,910,014-$   2,217,048$   10,838,744$ 13,668,274$ 

Development Period

VALLEY TAILINGS REPROCESSING
TONNES/YEAR

550,000
TONNES/DAY

3,667
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FIGURE 8 – NPV SENSITIVITY ANALYSIS 

 

 
 

  
FIGURE 9.  IRR SENSITIVITY ANALYSIS 
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5. COMPATIBILITY WITH FINAL CLOSURE OPTIONS 

 

SRK has completed initial closure options for the valley tailings.  The two basic options presented are 

covering the tailings in place with a nominal 0.5 m cover or consolidating the tailings, adding lime 

and then covering the larger consolidated pile with a nominal 0.5 m cover.  Both closure options are 

shown in Figures 10 and 11.  These closure options were part of a March 2009 risk assessment for 

overall closure options.  

 

The potential heap leach reprocessing approach is compatible with the closure option of consolidating 

the tailings into a larger pile.  The end result of a heap leach tailings reprocessing system would be a 

larger consolidated pile of tailings that have been amended with lime to increase the overall 

alkalinity.  The tailings would be constructed over a liner which would provide further long-term 

water management advantages and along with the addition of lime will add further alkalinity and 

more robust geochemical stability.  Once the tailings have been leached, the pile will have to be 

neutralized of residual cyanide prior to covering and revegetation.  Neutralization of heap leach piles 

is an industry proven practice and was recently completed at the Brewery Creek Mine.  Final drainage 

from the Brewery Creek heap meets direct discharge criteria for release into the receiving 

environment.  Figure 12 shows the final reclaimed heap at Brewery Creek as an example of what a 

reprocessed/reclaimed heap would result in.  Within the economic analysis, a total of $6,235,000 is 

included for neutralization, cover and revegetation of the pile once reprocessing and metals recovery 

is complete.  This amounts to approximately $2.63/tonne of material.  As a comparison, the costs to 

neutralize, cover and revegetate the Brewery Creek heap was approximately $0.35/tonne of material 

(2003 dollars).   

 

Costs to load and haul the tailings to a central heap leach facility are included in the economics along 

with costs for the addition of 4 kg/tonne of lime to increase the alkalinity necessary for cyanidation.  

These costs are also included in the SRK analysis to complete the closure option of consolidation and 

covering.  As a comparison, Table 8 summarizes the costs included in the reprocessing study that are 

also included in the stand alone closure option of consolidation and covering. 
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TABLE 8. REPROCESSING AND CLOSURE OPTIONS COST COMPARISON 

 
PARAMETER REPROCESSING STAND ALONE 

CLOSURE (SRK) 
Load/Haul/Place $5.26 / m3 $5.00 / m3 
Lime Amendment $3.45 / m3 $5.71 / m3 
Recontour $0.03 / m3 Na 
Place Soil Cover ($ per 
148,000 m3 soil placed) 

$5.00 / m3 $5.00 / m3 

Revegetate $0.45 / m2 $0.45 / m2 
 

The costs for the consolidation closure option are fully captured in the tailings reprocessing costs 

resulting in the reprocessing approach representing a true stand alone option for closure.    
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Figure 11 Closure 
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FIGURE 12.  EXAMPLE OF NEUTRALIZED RECLAIMED HEAP (BREWERY CREEK, YUKON) 
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6. CONCLUSIONS AND RECOMMENDATIONS 

 

Tailings reprocessing projects are generally a function of effective materials handling and 

management.  A successful Elsa tailings reprocessing project will be no exception and a key variable 

will be cost effective and efficient movement of the tailings.  Some of the general conclusions and 

recommendations drawn from this scoping level study include: 

 

• Reprocessing the valley tailings for silver recovery has the potential to be a positive 

economic project even on a stand alone basis where no cost credit or offset for the costs of 

rehandling of tailings under the closure option are included; 

• Use of cyanide for tailings reprocessing may be present additional permitting challenges but 

the use of cyanide in a northern heap leach operation at Brewery Creek has been 

demonstrated to be successful from an environmental protection standpoint.  Consultation 

and support from the First Nation of Na-cho Nyak Dun and other stakeholders is critical to a 

potential tailings reprocessing option; 

• The reprocessing of silver from the Valley Tailings can be accomplished in a manner that is 

consistent with current closure planning options and could provide significant offsets in final 

closure costs for the tailings; 

• Material handling and management is one of the key considerations in any tailings 

reprocessing scenario.  Tailings trafficability test planned for 2009 should help address 

materials and equipment handling; 

• Spring freshet conditions and short operating seasons present challenges in the material 

handling and sequencing required to obtain reasonable daily productivity levels necessary for 

an economic project; 

• Additional sampling, testwork and engineering are obviously required before advancing the 

reprocessing option; 

• Given the potential benefits of reprocessing the tailings, additional work should proceed 

given the status of the closure planning schedule.  Recommended course of follow-up 

includes: 

o Sample and resource estimation program as per NI 43-101 requirements; 

o Metallurgical test program to select preferred process flowsheet; 

o Advanced engineering desk top review to determine process criteria and fatal flaws. 

 



 

 

 

 

 

Appendix A 

 

Metallurgical Testwork Results 

 
 

 



Client: Alexco Date: 17-Feb-09
Test: C1 through C6 Project: 0901302

Sample: Historic tailing samples from Keno Hill

Objective: To determine the Ag extraction by direct cyanidation of historic tailing samples in 1 g/L NaCN 

Test Conditions Measured Head
(as-received) Calculated Head 72-h Extraction Residue Grade

pH Ag (g/t) Ag (g/t) Ag (%) Ag (g/t) NaCN Lime

C1 UKTP-03 A+B+C 10.5-11.0 118.7 142.8 72.7 39.00 0.76 7.0
C2 UKTP-07 A+D 10.5-11.0 81.2 93.0 58.7 38.40 0.81 16.3
C3 UKTP-12 A+H+N 10.5-11.0 107.5 118.0 59.1 48.30 0.82 2.4
C4 UKTP-14 A+E+H 10.5-11.0 213.9 246.9 41.6 144.20 1.03 2.5
C5 UKTP-15 A+C+F 10.5-11.0 80.0 88.3 42.8 50.50 0.76 8.2
C6 UKTP-17 A+C+E 10.5-11.0 267.5 321.3 67.6 104.10 0.91 10.2

CYANIDATION TEST SUMMARY

Consumption (kg/t)
Test No Sample ID
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Client: Alexco Date:
Test: C1 Project: 0901302

Sample: UKTP-03 A+B+C

Objective: To determine the Ag extraction by direct cyanidation of historic tailing samples

TEST CONDITIONS TEST DESCRIPTION

Solids: 1,942 g
Solution: 3,000 g - sample repulped to 40% solids

Solids: 39 % - adjusted to and maintained pH 10.5-11.0
Grind Size -74um: N/A % - adjusted to 1.0g/L  NaCN

Initial NaCN: 1.0 g/L - sampled at 4, 7, 24, & 48 hours
Target pH: 10.5-11.0 - test ends after 72 hours

Test Duration: 72 hours - filter and displacement wash with hot cyanide solution 
   followed by two hot water displacement washes
- solution and solids assay for Ag

HEAD GRADE

Calculated Total: 142.8 g/t
Measured Total: 118.7 g/t

LEACH TEST DATA

Time NaCN Lime pH dO2 Slurry
Weight Vol. Assay Vol.

(hours) (g/L) (g) (g) before after (mg/L) (g) (mL) (mL)  (mg/L)  (mg)
0 1.00 3.0 6.50 6.0 10.5 4,942 3,000
2 0.80 0.6 2.00 9.6 10.7 7.6 5
4 0.89 0.3 1.00 9.8 10.6 5,106 3,164 30 50.9 161.4
7 0.92 0.2 1.00 10.0 10.8 5,094 3,152 30 51.5 164.4

24 0.93 0.2 1.00 9.8 10.8 8.1 5,058 3,116 30 58.3 185.5
30 0.99 0.0 1.00 10.2 11.0 5
48 0.98 0.1 0.50 10.0 10.6 8.0 5,046 3,104 30 61.6 195.0
54 1.00 0.50 10.0 10.7 5
72 0.98 9.9 8.9 5,004 3,062 64.5 201.6

Total 4.5 13.50

SOLIDS

Time Residue
Weight Ag

(hours) (g)
72 1,942

CYANIDATION RESULTS

Time Distribution Reagent Consumption Reducing Power
Ag NaCN Ca(OH)2 0.1 N KMnO4/L 

(hours) (%) (kg/t) (kg/t) (mL)
4 0.40
7

24 66.9 0.66
48 70.3 0.70
72 72.7 0.76 6.95

Residue 27.3
Total 100.0

 CYANIDATION TEST REPORT

58.2

110

Ag
Solution

39.0 75.7

59.3 0.53

17-Feb-09

(g/t) (mg)

Ag



Client: Alexco Date:
Test: C2 Project: 0901302

Sample: UKTP-07 A+D

Objective: To determine the Ag extraction by direct cyanidation of historic tailing samples

TEST CONDITIONS TEST DESCRIPTION

Solids: 1,903 g
Solution: 3,000 g - sample repulped to 40% solids

Solids: 39 % - adjusted to and maintained pH 10.5-11.0
Grind Size -74um: N/A % - adjusted to 1.0g/L  NaCN

Initial NaCN: 1.0 g/L - sampled at 4, 7, 24, & 48 hours
Target pH: 10.5-11.0 - test ends after 72 hours

Test Duration: 72 hours - filter and displacement wash with hot cyanide solution 
   followed by two hot water displacement washes
- solution and solids assay for Ag

HEAD GRADE

Calculated Total: 93.0 g/t
Measured Total: 81.2 g/t

LEACH TEST DATA

Time NaCN Lime pH dO2 Slurry
Weight Vol. Assay Vol.

(hours) (g/L) (g) (g) before after (mg/L) (g) (mL) (mL)  (mg/L)  (mg)
0 1.00 3.0 21.00 5.7 10.6 4,903 3,000
2 0.74 0.8 2.50 9.7 10.5 1.4 5
4 0.84 0.5 1.50 10.1 10.7 5,297 3,394 30 23.5 79.9
7 0.92 0.2 1.00 10.2 10.8 5,291 3,388 30 24.6 84.2

24 0.94 0.2 1.50 9.7 10.6 1.5 5,257 3,354 30 27.2 93.0
30 0.99 0.0 1.00 10.0 10.7 5
48 0.98 0.1 1.50 9.6 10.6 3.9 5,245 3,342 30 28.6 97.3
54 1.00 1.00 9.9 10.7 5
72 0.97 9.8 8.0 5,239 3,336 30.6 104.0

Total 4.8 31.00

SOLIDS

Time Residue
Weight Ag

(hours) (g)
72 1,903

CYANIDATION RESULTS

Time Distribution Reagent Consumption Reducing Power
Ag NaCN Ca(OH)2 0.1 N KMnO4/L 

(hours) (%) (kg/t) (kg/t) (mL)
4 0.49
7

24 52.5 0.71
48 55.0
72 58.7 0.81 16.29

Residue 41.3
Total 100.0

 CYANIDATION TEST REPORT

17-Feb-09

(g/t) (mg)

Ag

45.1

135

Ag
Solution

38.4 73.1

47.6 0.60

0.75



Client: Alexco Date:
Test: C3 Project: 0901302

Sample: UKTP-12 A+H+N

Objective: To determine the Ag extraction by direct cyanidation of historic tailing samples

TEST CONDITIONS TEST DESCRIPTION

Solids: 1,963 g
Solution: 3,000 g - sample repulped to 40% solids

Solids: 40 % - adjusted to and maintained pH 10.5-11.0
Grind Size -74um: N/A % - adjusted to 1.0g/L  NaCN

Initial NaCN: 1.0 g/L - sampled at 4, 7, 24, & 48 hours
Target pH: 10.5-11.0 - test ends after 72 hours

Test Duration: 72 hours - filter and displacement wash with hot cyanide solution 
   followed by two hot water displacement washes
- solution and solids assay for Ag

HEAD GRADE

Calculated Total: 118.0 g/t
Measured Total: 107.5 g/t

LEACH TEST DATA

Time NaCN Lime pH dO2 Slurry
Weight Vol. Assay Vol.

(hours) (g/L) (g) (g) before after (mg/L) (g) (mL) (mL)  (mg/L)  (mg)
0 1.00 3.0 1.00 8.0 10.6 4,963 3,000
2 0.80 0.6 1.00 9.8 11.0 11.9 5
4 0.90 0.3 0.50 10.4 11.1 5,032 3,069 30 33.7 103.6
7 0.96 0.1 10.7 5,010 3,047 30 36.0 110.9

24 0.94 0.2 0.50 10.1 10.7 9.1 4,980 3,017 30 40.1 123.2
30 0.98 0.1 0.50 10.4 11.1 5
48 0.97 0.1 0.40 10.0 10.8 8.9 4,994 3,031 30 42.4 132.2
54 0.98 0.1 0.90 10.3 11.1 5
72 0.93 10.1 9.5 4,978 3,015 43.7 136.9

Total 4.4 4.80

SOLIDS

Time Residue
Weight Ag

(hours) (g)
72 1,963

CYANIDATION RESULTS

Time Distribution Reagent Consumption Reducing Power
Ag NaCN Ca(OH)2 0.1 N KMnO4/L 

(hours) (%) (kg/t) (kg/t) (mL)
4 0.43
7

24 53.2 0.60
48 57.0
72 0.82 2.45

Residue 40.9
Total 100.0

44.7

17-Feb-09

 CYANIDATION TEST REPORT

(g/t) (mg)

Ag

85

Ag
Solution

48.3 94.8

47.8 0.50

59.1
0.67



Client: Alexco Date:
Test: C4 Project: 0901302

Sample: UKTP-14 A+E+H

Objective: To determine the Ag extraction by direct cyanidation of historic tailing samples

TEST CONDITIONS TEST DESCRIPTION

Solids: 1,968 g
Solution: 3,000 g - sample repulped to 40% solids

Solids: 40 % - adjusted to and maintained pH 10.5-11.0
Grind Size -74um: N/A % - adjusted to 1.0g/L  NaCN

Initial NaCN: 1.0 g/L - sampled at 4, 7, 24, & 48 hours
Target pH: 10.5-11.0 - test ends after 72 hours

Test Duration: 72 hours - filter and displacement wash with hot cyanide solution 
   followed by two hot water displacement washes
- solution and solids assay for Ag

HEAD GRADE

Calculated Total: 246.9 g/t
Measured Total: 213.9 g/t

LEACH TEST DATA

Time NaCN Lime pH dO2 Slurry
Weight Vol. Assay Vol.

(hours) (g/L) (g) (g) before after (mg/L) (g) (mL) (mL)  (mg/L)  (mg)
0 1.00 3.0 1.00 7.5 10.6 4,968 3,000
2 0.74 0.8 1.00 9.3 10.7 7.5 5
4 0.90 0.3 0.50 10.0 10.6 5,026 3,058 30 32.2 98.6
7 0.98 0.1 0.50 10.2 11.0 4,996 3,028 30 38.8 118.6

24 0.91 0.3 0.50 9.8 10.9 8.8 4,980 3,012 30 54.3 165.8
30 0.96 0.1 0.50 10.1 11.1 5
48 0.95 0.2 0.40 9.7 10.8 8.7 4,986 3,018 30 60.5 186.8
54 0.98 0.1 0.50 9.9 11.0 5
72 0.90 9.7 9.1 4,974 3,006 65.1 202.1

Total 4.7 4.90

SOLIDS

Time Residue
Weight Ag

(hours) (g)
72 1,968

CYANIDATION RESULTS

Time Distribution Reagent Consumption Reducing Power
Ag NaCN Ca(OH)2 0.1 N KMnO4/L 

(hours) (%) (kg/t) (kg/t) (mL)
4 0.52
7

24 34.1 0.71
48 38.5
72 1.03 2.49

Residue 58.4
Total 100.0

41.6

 CYANIDATION TEST REPORT

20.3

185

Ag
Solution

144.2 283.8

24.4 0.57

0.84

17-Feb-09

(g/t) (mg)

Ag



Client: Alexco Date:
Test: C5 Project: 0901302

Sample: UKTP-15 A+C+F

Objective: To determine the Ag extraction by direct cyanidation of historic tailing samples

TEST CONDITIONS TEST DESCRIPTION

Solids: 1,921 g
Solution: 3,000 g - sample repulped to 40% solids

Solids: 39 % - adjusted to and maintained pH 10.5-11.0
Grind Size -74um: N/A % - adjusted to 1.0g/L  NaCN

Initial NaCN: 1.0 g/L - sampled at 4, 7, 24, & 48 hours
Target pH: 10.5-11.0 - test ends after 72 hours

Test Duration: 72 hours - filter and displacement wash with hot cyanide solution 
   followed by two hot water displacement washes
- solution and solids assay for Ag

HEAD GRADE

Calculated Total: 88.3 g/t
Measured Total: 80.0 g/t

LEACH TEST DATA

Time NaCN Lime pH dO2 Slurry
Weight Vol. Assay Vol.

(hours) (g/L) (g) (g) before after (mg/L) (g) (mL) (mL)  (mg/L)  (mg)
0 1.00 3.0 9.00 6.7 10.7 4,921 3,000
2 0.72 0.8 2.00 9.4 10.7 4.2 5
4 0.90 0.3 1.00 9.8 10.7 5,033 3,112 30 15.9 49.7
7 0.99 0.0 0.70 10.1 10.7 5,023 3,102 30 17.3 54.1

24 0.95 0.2 1.00 9.6 10.7 7.4 4,981 3,060 30 20.5 63.9
30 1.00 0.50 10.0 10.6 5
48 0.98 0.1 1.00 9.6 10.7 8.0 4,997 3,076 30 22.3 70.4
54 1.00 0.50 10.0 10.7 5
72 0.96 9.8 8.3 4,969 3,048 23.0 72.6

Total 4.4 15.70

SOLIDS

Time Residue
Weight Ag

(hours) (g)
72 1,921

CYANIDATION RESULTS

Time Distribution Reagent Consumption Reducing Power
Ag NaCN Ca(OH)2 0.1 N KMnO4/L 

(hours) (%) (kg/t) (kg/t) (mL)
4 0.54
7

24 37.7 0.66
48 41.5
72 0.76 8.17

Residue 57.2
Total 100.0

42.8

 CYANIDATION TEST REPORT

17-Feb-09

(g/t) (mg)

Ag

29.3

140

Ag
Solution

50.5 97.0

31.9 0.56

0.68



Client: Alexco Date:
Test: C6 Project: 0901302

Sample: UKTP-17 A+C+E

Objective: To determine the Ag extraction by direct cyanidation of historic tailing samples

TEST CONDITIONS TEST DESCRIPTION

Solids: 1,951 g
Solution: 3,000 g - sample repulped to 40% solids

Solids: 39 % - adjusted to and maintained pH 10.5-11.0
Grind Size -74um: N/A % - adjusted to 1.0g/L  NaCN

Initial NaCN: 1.0 g/L - sampled at 4, 7, 24, & 48 hours
Target pH: 10.5-11.0 - test ends after 72 hours

Test Duration: 72 hours - filter and displacement wash with hot cyanide solution 
   followed by two hot water displacement washes
- solution and solids assay for Ag

HEAD GRADE

Calculated Total: 321.3 g/t
Measured Total: 267.5 g/t

LEACH TEST DATA

Time NaCN Lime pH dO2 Slurry
Weight Vol. Assay Vol.

(hours) (g/L) (g) (g) before after (mg/L) (g) (mL) (mL)  (mg/L)  (mg)
0 1.00 3.0 10.50 5.8 10.9 4,951 3,000
2 0.71 0.9 2.00 9.2 10.6 3.8 5
4 0.90 0.3 1.50 9.5 10.7 5,033 3,082 30 80.7 249.2
7 0.98 0.1 1.00 9.8 10.7 5,023 3,072 30 92.4 286.7

24 0.91 0.3 1.50 9.4 10.7 6.8 4,981 3,030 30 113.7 350.2
30 1.00 0.80 9.9 10.7 5
48 0.96 0.1 1.50 9.5 10.7 7.9 4,997 3,046 30 132.5 413.3
54 1.00 1.00 10.0 10.9 5
72 0.94 9.8 9.0 4,969 3,018 135.6 423.6

Total 4.6 19.80

SOLIDS

Time Residue
Weight Ag

(hours) (g)
72 1,951

CYANIDATION RESULTS

Time Distribution Reagent Consumption Reducing Power
Ag NaCN Ca(OH)2 0.1 N KMnO4/L 

(hours) (%) (kg/t) (kg/t) (mL)
4 0.56
7

24 55.9 0.75
48 66.0
72 0.91 10.15

Residue 32.4
Total 100.0

67.6

 CYANIDATION TEST REPORT

39.8

165

Ag
Solution

104.1 203.1

45.8 0.59

0.81

17-Feb-09

(g/t) (mg)

Ag



Client: Alexco Date:
Test: C1 Project: 0901302

Sample: Cyanidation Residue
Grind: N/A

Sieve Size Individual Cumulative
Tyler Mesh Micrometers % Retained % Passing

65 210 27.8 72.2
100 149 19.8 52.4
150 105 13.8 38.7
200 74 11.9 26.8
270 53 8.5 18.3
325 44 4.0 14.3
400 37 1.9 12.5

Undersize - 37 12.5 -
TOTAL: 100.0

80 % Passing Size (µm) = 234

SIZE ANALYSIS REPORT

25-Feb-09
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Client: Alexco Date:
Test: C2 Project: 0901302

Sample: Cyanidation Residue
Grind: N/A

Sieve Size Individual Cumulative
Tyler Mesh Micrometers % Retained % Passing

65 210 5.0 95.0
100 149 5.6 89.4
150 105 9.1 80.3
200 74 17.1 63.2
270 53 20.0 43.1
325 44 11.0 32.1
400 37 5.6 26.5

Undersize - 37 26.5 -
TOTAL: 100.0

80 % Passing Size (µm) = 104

SIZE ANALYSIS REPORT

25-Feb-09

Size Distribution

0

10

20

30

40

50

60

70

80

90

100

21014910574534437- 37

Particle Size, µm

In
di

vi
du

al
 %

 R
et

ai
ne

d

0

20

40

60

80

100

C
um

ul
at

iv
e 

%
 P

as
si

ng

Individual % Retained

Cumulative % Passing



Client: Alexco Date:
Test: C3 Project: 0901302

Sample: Cyanidation Residue
Grind: N/A

Sieve Size Individual Cumulative
Tyler Mesh Micrometers % Retained % Passing

65 210 5.8 94.2
100 149 17.5 76.6
150 105 19.5 57.1
200 74 19.5 37.6
270 53 13.1 24.5
325 44 5.6 18.9
400 37 3.3 15.5

Undersize - 37 15.5 -
TOTAL: 100.0

80 % Passing Size (µm) = 160

SIZE ANALYSIS REPORT

25-Feb-09
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Client: Alexco Date:
Test: C4 Project: 0901302

Sample: Cyanidation Residue
Grind: N/A

Sieve Size Individual Cumulative
Tyler Mesh Micrometers % Retained % Passing

65 210 43.8 56.2
100 149 22.7 33.5
150 105 12.3 21.2
200 74 8.0 13.3
270 53 3.6 9.6
325 44 1.1 8.5
400 37 0.6 7.9

Undersize - 37 7.9 -
TOTAL: 100.0

80 % Passing Size (µm) = 260

SIZE ANALYSIS REPORT

25-Feb-09
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Client: Alexco Date:
Test: C5 Project: 0901302

Sample: Cyanidation Residue
Grind: N/A

Sieve Size Individual Cumulative
Tyler Mesh Micrometers % Retained % Passing

65 210 24.5 75.5
100 149 15.3 60.3
150 105 10.6 49.7
200 74 9.4 40.3
270 53 7.0 33.3
325 44 3.0 30.4
400 37 2.0 28.4

Undersize - 37 28.4 -
TOTAL: 100.0

80 % Passing Size (µm) = 225

SIZE ANALYSIS REPORT

25-Feb-09
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Client: Alexco Date:
Test: C6 Project: 0901302

Sample: Cyanidation Residue
Grind: N/A

Sieve Size Individual Cumulative
Tyler Mesh Micrometers % Retained % Passing

65 210 18.1 81.9
100 149 18.9 63.0
150 105 16.0 47.0
200 74 15.6 31.4
270 53 9.9 21.5
325 44 4.2 17.2
400 37 2.2 15.1

Undersize - 37 15.1 -
TOTAL: 100.0

80 % Passing Size (µm) = 204

SIZE ANALYSIS REPORT

25-Feb-09
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Capital Cost Estimate 

 
 

 



CAPITAL COST DETAIL ESTIMATE
Elsa Tailings Reprocessing - Heap Leach Case

Unit Installation Total
Area Account Description Quantity Cost Factor Material Total $

10 MINING EQUIPMENT
10-01 Production Drills 1.00 -$                  -$                      
10-02 Excavator 335 2 $325,000 1.00 650,000$           650,000$               
10-03 Front End Loader 960 1 $175,000 1.00 175,000$           175,000$               
10-04 Trucks 3 $135,000 1.00 405,000$           405,000$               
10-05 Grader 1.00 -$                  -$                      
10-06 Track Dozer 1 $325,000 1.00 325,000$           325,000$               
10-07 Rubber Tire Dozer 1.00 -$                  -$                      
10-08 Backhoe 1.00 -$                  -$                      
10-09 Water Truck 1 $65,000 1.00 65,000$             65,000$                 
10-10 Fuel Truck 1 $75,000 1.00 75,000$             75,000$                 
10-11 Service Truck 1 $75,000 1.00 75,000$             75,000$                 
10-12 Crane 1.00 -$                  -$                      
10-13 Low Boy 1.00 -$                  -$                      
10-14 Blasting Truck/Silos 1.00 -$                  -$                      

Area 10 Subtotal 1,770,000$        1,770,000$            

20 MOBILE SUPPORT EQUIPMENT
20-01 Pickups 4 $30,000 1.00 120,000$           120,000$               
20-02 Forklifts 1 $65,000 1.00 65,000$             65,000$                 
20-03 Boom Truck 1 $75,000 1.00 75,000$             75,000$                 
20-04 Ambulance Rescue Equipment 1.00 -$                  -$                      
20-05 Crew Van 1 $35,000 1.00 35,000$             35,000$                 
20-06 Front End Loader 938 1.00 -$                  -$                      

Area 20 Subtotal -$                  295,000$               

30 SITE PREPARATION & SERVICES
30-01 Site Preparation  1 $650,000 1.00 650,000$           650,000$               
30-02 Water Supply & Distribution 1 $115,000 1.50 115,000$           172,500$               
30-03 Drainage Control 1 $125,000 1.00 125,000$           125,000$               
30-04 Fencing 1 $25,000 1.00 25,000$             25,000$                 



CAPITAL COST DETAIL ESTIMATE
Elsa Tailings Reprocessing - Heap Leach Case

Unit Installation Total
Area Account Description Quantity Cost Factor Material Total $

30-05 Fuel Supply & Storage 1 $45,000 1.00 45,000$             45,000$                 
30-06 Communications 1 $25,000 1.00 25,000$             25,000$                 
30-07 Computer Services 0 1.00 -$                  -$                      
30-08 Monitoring Wells 3 $25,000 1.00 75,000$             75,000$                 

Area 30 Subtotal 1,060,000$        1,117,500$            

40 PRE-PRODUCTION MINING
40-01 Haul Road Construction 1 $225,000 1.00 225,000$           225,000$               
40-02 Pre-Production Mining

Area 40 Subtotal 225,000$           225,000$               

80-32 Concrete 0 1.00 -$                  -$                      
80-33 Bid Quotation 0 1.25 -$                  -$                      

Area 80 Subtotal -$                  -$                      

90 MERRILL CROWE RECOVERY
90-01 Carbon Adsorption Columns 0 1.00 -$                  -$                      
90-02 Preg Solution Tank 0 1.00 -$                  -$                      
90-03 Preg Feed Pump 0 1.00 -$                  -$                      
90-04 Barren Solution Tank 0 1.00 -$                  -$                      
90-05 Barren Solution Pump 0 1.00 -$                  -$                      
90-06 Strip Vessels 0 1.00 -$                  -$                      
90-07 Carbon Transfer Pump 0 1.00 -$                  -$                      
90-08 Carbon Sizing Screen 0 1.00 -$                  -$                      
90-09 Acid Wash Vessel 0 1.00 -$                  -$                      
90-10 Acid Tank 0 1.00 -$                  -$                      
90-11 Acid Wash Pump 0 1.00 -$                  -$                      
90-12 Fine Carbon Tank, Filter Press 0 1.00 -$                  -$                      
90-13 Carbon Transfer Tank 0 1.00 -$                  -$                      
90-14 Strip Feed Tank 0 1.00 -$                  -$                      
90-15 Strip Feed Pump 0 1.00 -$                  -$                      
90-16 Strip Heat Exchangers 0 1.00 -$                  -$                      



CAPITAL COST DETAIL ESTIMATE
Elsa Tailings Reprocessing - Heap Leach Case

Unit Installation Total
Area Account Description Quantity Cost Factor Material Total $

90-17 Strip Solution Heater 0 1.00 -$                  -$                      
90-18 Kiln Feed Tank 0 1.00 -$                  -$                      
90-19 Reactivation Kiln 0 1.00 -$                  -$                      
90-20 Reactivation Quench Tank 0 1.00 -$                  -$                      
90-21 Electrowinning Cells 0 1.00 -$                  -$                      
90-22 Electrowinning Cells Return Pump 0 1.00 -$                  -$                      
90-23 Cathode Washer 0 1.00 -$                  -$                      
90-24 Sludge Filter Press 0 1.00 -$                  -$                      
90-25 Rectifier 0 1.00 -$                  -$                      
90-26 Area Sump Pump 0 1.00 -$                  -$                      
90-27 Crane 0 1.00 -$                  -$                      
90-28 Process Piping 0 1.00 -$                  -$                      
90-29 Structural Steel & Building 0 1.00 -$                  -$                      
90-30 Electrical & Instrumentation 1 $225,000 1.25 225,000$           281,250$               
90-31 Concrete 300 $1,500 1.25 450,000$           562,500$               
90-32 Merrill Crowe plant equipment package 1 $3,750,000 1.50 3,750,000$        5,625,000$            

Area 90 Subtotal 4,425,000$        6,468,750$            

100 REFINING
100-01 Furnace 0 1.00 -$                  -$                      
100-02 Furnace Exhaust System 0 1.00 -$                  -$                      
100-03 Refinery Platework 0 1.00 -$                  -$                      
100-04 Flux Storage Hopper 0 1.00 -$                  -$                      
100-05 Mercury Retort 0 1.00 -$                  -$                      
100-06 Crane 0 1.00 -$                  -$                      
100-07 Area Sump Pump 0 1.00 -$                  -$                      
100-08 Refinery Vault 1 $65,000 1.25 65,000$             81,250$                 
100-09 Refinery Security System 1 $50,000 1.25 50,000$             62,500$                 
100-10 Process Piping 0 1.00 -$                  -$                      
100-11 Structural Steel & Building 0 1 -$                  -$                      
100-12 Electrical & Instrumentation 1 $25,000 1.25 25,000$             31,250$                 
100-13 Concrete 0 $250 1.25 -$                  -$                      
100-14 Bid Quotation 1.25 -$                  -$                      



CAPITAL COST DETAIL ESTIMATE
Elsa Tailings Reprocessing - Heap Leach Case

Unit Installation Total
Area Account Description Quantity Cost Factor Material Total $

Area 100 Subtotal 140,000$           175,000$               

110 PADS & PONDS
110-01 Leach Pad Containment Dike 1 $250,000 1.00 250,000$           250,000$               
110-02 Leach Pad Liner System 105,000  $45 1.00 4,725,000$        4,725,000$            
110-03 Barren Solution Pond 1 $350,000 1.00 350,000$           350,000$               
110-04 Preg Solution Pond 1 $350,000 1.00 350,000$           350,000$               
110-05 Overflow Pond 1 $225,000 1.00 225,000$           225,000$               
110-06 Preg Solution Collection Piping 1 $75,000 1.25 75,000$             93,750$                 
110-07 Barren Solution Piping 1 $75,000 1.25 75,000$             93,750$                 
110-08 Barren Pond Pump 1 $7,500 1.25 7,500$               9,375$                   
110-09 Preg Pond Pump 1 $7,500 1.25 7,500$               9,375$                   
110-10 Overflow Pond Pump 2 $7,500 1.25 15,000$             18,750$                 
110-11 Wildlife Netting 0 1.00 -$                  -$                      
110-12 Leach Pad Piping System 1 $125,000 1.00 125,000$           125,000$               

Area 110 Subtotal 6,205,000$        6,250,000$            

120 LEACH PAD STACKING
120-01 Grasshopper Conveyors 1 $300,000 1.10 300,000$           330,000$               
120-02 Radial Stacker 0 1.00 -$                  -$                      

Area 120 Subtotal 300,000$           330,000$               

130 REAGENTS
130-01 Cyanide Mix Tank 1 $12,500 1.00 12,500$             12,500$                 
130-02 Cyanide Mix Pump 1 $3,500 1.00 3,500$               3,500$                   
130-03 Cyanide Feed Pump 1 $3,500 1.00 3,500$               3,500$                   
130-04 Caustic Mix Tank 1 $12,500 1.00 12,500$             12,500$                 
130-05 Caustic Mix Pump 1 $3,500 1.00 3,500$               3,500$                   
130-06 Caustic Feed Pump 1 $3,500 1.00 3,500$               3,500$                   
130-07 Flocculant Tank 0 1.00 -$                  -$                      
130-08 Antiscalant Tank 1 1.00 -$                  -$                      
130-09 Antiscalant Pump 1 $1,500 1.00 1,500$               1,500$                   
130-10 Lime Addition Silo 1 $50,000 1.25 50,000$             62,500$                 



CAPITAL COST DETAIL ESTIMATE
Elsa Tailings Reprocessing - Heap Leach Case

Unit Installation Total
Area Account Description Quantity Cost Factor Material Total $

130-11 Propane Storage Tank 1 $35,000 1.00 35,000$             35,000$                 
130-12 Process Air Compressor Package 1 $7,500 1.25 7,500$               9,375$                   
130-13 Process Piping 1 $125,000 1.25 125,000$           156,250$               
130-14 Structural Steel & Building 1 $350,000 1.25 350,000$           437,500$               
130-15 Electrical & Instrumentation 1 $15,000 1.25 15,000$             18,750$                 
130-16 Concrete 0 1.00 -$                  -$                      
130-17 Bid Quotation 0 $0 1.25 -$                  -$                      

Area 130 Subtotal 623,000$           759,875$               

150 WATER TREATMENT
150-01 Cyanide Destruction 1 $125,000 1.25 125,000$           156,250$               
150-02 Metals Removal 0 1.00 -$                  -$                      

Area 150 Subtotal 125,000$           156,250$               

160 POWER SUPPLY & DISTRIBUTION
160-01 Diesel Generators 0 $0 1.20 -$                  -$                      
160-02 Electrical Distribution 1 $550,000 1.20 550,000$           660,000$               
160-03 Electrical Substation 0 1.00 -$                  -$                      
160-04 Lighting / Cabling 1 $15,000 1.20 15,000$             18,000$                 
160-05 Power Line Extension 0 $0 1.00 -$                  -$                      

Area 160 Subtotal 565,000$           678,000$               

170 ASSAY LABORATORY
170-01 Building 1000 $125 1.00 125,000$           125,000$               
170-02 Equipment 1 $125,000 1.00 125,000$           125,000$               
170-03 Concrete 75 $1,250 1.25 93,750$             117,188$               

Area 170 Subtotal 343,750$           367,188$               

TOTAL DIRECT COSTS 16,281,750$      19,092,563$          



CAPITAL COST DETAIL ESTIMATE
Elsa Tailings Reprocessing - Heap Leach Case

Unit Installation Total
Area Account Description Quantity Cost Factor Material Total $

195 FREIGHT 3% Equipment Costs 488,453$               

200 EPCM 7% Installed Equipment Cost 1,336,479$            

210 START UP INVENTORY
210-01 Cyanide 37500 $2.10 78,750$                 
210-02 Lime 208000 $0.54 112,320$               
210-10 Warehouse Inventory 1.5% Equipment Cost 244,226$               

220 WORKING CAPITAL 1 $0 -$                      

230 CONSTRUCTION INDIRECTS 5% Installed Equipment Costs 954,628$               

240 240-01 CONTINGENCY 30% Installed Equipment Cost 5,727,769$            

TOTAL INDIRECT COSTS 8,942,625$            

28,035,188$          
TOTAL PROJECT COSTS
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Operating Cost Estimate 

 
 

 



DETAILED OPERATING COSTS
VALLEY TAILINGS REPROCESSING 

Annual Ore Tonnage Case 550,000                    mtpy

 

 
Cost Detail Total $/tonne

Process/Manpower
Total Manpower 2,872,090$               $5.22
Maintenance Labor $0.00
Reagents 2,873,149$               $5.22
Water Supply 55,000$                    $0.10
Light Vehicles 72,000$                    $0.13
ADR Maintenance Supplies 293,612$                  $0.53
Crusher Op/Maint Supplies $0.00
Misc. Operating Supplies 175,000$                  $0.32
Metallurgical Testing 25,000$                    $0.05
Assay Laboratory 244,230$                  $0.44

Subtotal 6,610,081$                $12.02

Mining
Contract Mining Direct -$                              $0.00
Technical Services Salaries $0.00
Operating Labor $0.00
Maintenance Labor $0.00
Drilling -$                              $0.10
Blasting -$                              $0.08
Load, Haul 1,809,725$               $3.29
Light Vehicles $0.00
Miscellaneous Maintenance Supplies 45,000$                    $0.08
Miscellaneous Operating Supplies 45,000$                    $0.08

Subtotal 1,899,725$               $3.45

G&A
Administration Salaries $0.00
Camp Accomodations ($50/manday) 202,500$                  $0.37
Roads and Yards 35,000$                    $0.06
Building Maintenance 10,000$                    $0.02



DETAILED OPERATING COSTS
VALLEY TAILINGS REPROCESSING 

Annual Ore Tonnage Case 550,000                    mtpy

 

 
Cost Detail Annual Total       /tonne

Light Vehicles 36,000$                    $0.07
Insurance 35,000$                    $0.06
Safety Supplies (3% Labor Costs) 86,163$                    $0.16
Employee Transportation 24,000$                    $0.04
Office Supplies 5,000$                      $0.01
Consulting $0.00
Corporate Overhead 125,000$                  $0.23
Miscellaneous 100,000$                  $0.18

Subtotal 658,663$                  $1.20

Environmental  
Environmental Salaries $0.00
Reclamation Accrual 1,375,000$               $2.50
Light Vehicles $0.000
Sampling/Compliance 75,000$                    $0.14

Subtotal Environmental 1,450,000$               $2.636

Power Supply
Diesel -$                              $0.00
Maintenance -$                              $0.00

Subtotal Power Supply 290,045$                  $0.53

Total Annual Operating Costs 10,908,513$             $19.83



Number Seasonal % Annual
POSITION Required Base Cdn $ Burden Total Cdn $

ADMINISTRATION
General Manager -$                   30% -$                          
Executive Assistant -$                   30% -$                          
Administrative Manager -$                   30% -$                          
Personnel Coordinator -$                   30% -$                          
Senior Accountant -$                   30% -$                          
Accountant 1 39,000$             30% 50,700$                
Payroll Clerk 1 27,000$             30% 35,100$                
Purchasing/Logistics Coordinator -$                   30% -$                          
Buyer/Warehouseman -$                   30% -$                          
Health & Safety Coordinator -$                   30% -$                          
First Aid Attendant -$                   30% -$                          
Security Attendant -$                   30% -$                          
Total Administration 2 85,800$                

MINING
Mine Manager 1 125,000$           30% 162,500$              
Operations General Foreman -$                   30% -$                          
Operations Foreman -$                   30% -$                          
Equipment Trainer -$                   30% -$                          
Drillers -$                   30% -$                          
Blaster -$                   30% -$                          
Shovel/Loader Operator -$                   30% -$                          
Truck Drivers -$                   30% -$                          
Equipment Operators 17 39,000$             30% 861,900$              
Subtotal Mining Operations 18 1,024,400$           

Maintenance General Foreman -$                   30% -$                          
Maintenance Foreman 1 85,000$             30% 110,500$              
Maintenance Planner -$                   30% -$                          
Master Mechanics/Foreman -$                   30% -$                          
Mechanics 2 50,700$             30% 131,820$              
Lube Serviceman -$                   30% -$                          
Subtotal Mining Maintenance 3 242,320$              
Total Mining  21 1,266,720$           

TECHNICAL SERVICES
Technical Services Manager -$                   30% -$                          
Senior Mining Engineer -$                   30% -$                          
Senior Geologist -$                   30% -$                          
Mine Engineer -$                   30% -$                          
Geologist -$                   30% -$                          
Pit Technician -$                   30% -$                          
Survey/Mine Technician 1 39,000$             30% 50,700$                
Subtotal Mine Technical Services 1 50,700$                

Environmental Coordinator -$                   30% -$                          
Environmental Technician 1 52,000$             30% 67,600$                
Subtotal Environmental 1 67,600$                
Total Technical Services 2 -$                   118,300$              

PROCESS 
Process Manager -$                   30% -$                          
Chief Metallurgist -$                   30% -$                          

MANPOWER SUMMARY



Number Seasonal % Annual
POSITION Required Base Cdn $ Burden Total Cdn $

MANPOWER SUMMARY

Metallurgist 1 105,000$           30% 136,500$              
Clerk -$                   30% -$                          
Chief Assayer -$                   30% -$                          
Assayer 2 39,000$             30% 101,400$              
Sample Prep 1 36,000$             30% 46,800$                
Met Technician -$                   30% -$                          
Subtotal Process Technical 4 284,700$              

Process General Foreman -$                   30% -$                          
Foreman 1 75,000$             30% 97,500$                
Crusher Operator -$                   30% -$                          
Rover -$                   30% -$                          
Mill Control Operator -$                   30% -$                          
Mill Helper 2 39,000$             30% 101,400$              
ADR Operator 6 46,800$             30% 365,040$              
ADR Assistant -$                   30% -$                          
Leach Pad Operator 3 39,000$             30% 152,100$              
Refiner -$                   30% -$                          
Subtotal Process Operations 12 716,040$              

General Foreman -$                   30% -$                          
Foreman -$                   30% -$                          
Maintenance Planner -$                   30% -$                          
Surface Support -$                   30% -$                          
Crusher Maintenance Personnel -$                   30% -$                          
Mill Maintenance Personnel 3 50,700$             30% 197,730$              
ADR Maintenance Personnel -$                   30% -$                          
Electrical Maintenance Personnel 1 65,000$             30% 84,500$                
Equipment Operator -$                   30% -$                          
Subtotal Process Maintenance 4 282,230$              
Total Process 20 1,282,970$           

TOTAL MANPOWER 45 2,872,090$           
Total Tonnes Ore per Year 550,000            
Total Manpower $/tonne 5.01$                



PROCESS CONSUMABLES

Annual Tonnage Case 550,000 mtpy
Annual Production 1,511,888 Ounces
Flow Rate 250 m3/hr

Consumption         Annual 
Category Rate Unit     Consumption Unit $ Annual $Cdn $/tonne

Reagents
Cyanide 0.75 kg/tonne 412,500          kg 2.00$        825,000$          1.50$            
Lime 4.00 kg/tonne 2,200,000       kg 0.54$        1,188,000$       2.16$            
Filter Aid 0.10 kg/tonne 55,000            kg 0.80$        44,000$            0.08$            
Pre Coat 0.10 kg/tonne 55,000            kg 0.80$        44,000$            0.08$            
Propane 0.25 lit/ounce 377,972          kg 0.35$        132,290$          0.24$            
Refinery Fluxes 3.00 kg/ounce 1,650,000       kg 0.05$        82,500$            0.15$            
Zinc Dust 0.50 kg/tonne 275,000          kg 2.00$        550,000$          1.00$            
Antiscalant 7.00 ppm/m3 sol 15,330            kg 0.48$        7,358$              0.01$            

Total 2,873,149$       5.22$            



MINE EQUIPMENT PRODUCTIVITY & SIZING CALCULATIONS

Category Unit

Production Statistics
Annual Tailings Processed tonnes 550000
Loose Density t/m3 1.6
Operating Days per Year days 150
Crew Rotation on/off 7/7
Operating Hours per Year/Employee hours 2184

Loading - Excavator
Excavator Availability % 85%
Excavator Utilization % 90%
Struck Bucket Capacity m3 0.75
Struck Bucket Capacity tonnes 1
Passes per Truck Calculated 25.00
Swing Cycle Time sec 15
Truck Spotting Time sec 15
Excavator Capacity m3/h 90
Excavator Capacity tph 144
Loading Time Minutes per Truck 12.5
Individual Loading Capacity tpd 2644
Total Annual Loader Hours hours 3819
Annual Loading Capacity - Single Unit tonnes 396576
Total Loaders Required Calculated 1.39
Total Loaders Required Actual 2.0
# Loader Operators Required 4.0

Haulage
Haul Truck Capacity tonnes 30
Truck Availability % 85%
Truck Utilization % 90%
Haul Distance Roundtrip km 3
Pad Load Haul Distance Roundtrip km 0.25
Turn, Spot, Dump Time min 1
Average Truck Speed km/h 20
Ore Haulage Time min 9.0
Pad Load Haulage Time min 0.75
Total Ore Cycle Time per Truck min 22.5
Total Pad Load Cycle Time min 13.3

Haul Truck Capacity Ore tph 61
Haul Truck Capacity Pad Load tph 104
Haul Truck Capacity Ore tpd 1469
Haul Truck Capacity Pad Load tpd 2494

Annual Tonnes tpd 3667
Annual Tonnes tph 153
# Haul Trucks Required Ore 2.50
Total Haul Trucks Required 3.00
Total Truck Operating Hours per Year hours 8987
Total Haul Truck Drivers Required 8

Dozing
Dozing Availability % 80%
Dozing Utilization % 70%
# of Dozers 1
Annual Dozer Hours hours 2016
Total Dozer Operators Required 4

Graders
Grader Availability % 80%
Grader Utilization % 50%
# of Graders 1
Annual Grader Hours hours 1440
Total Grader Operators Required 1



MINE EQUIPMENT PRODUCTIVITY & SIZING CALCULATIONS

Operating Cost Summary
Diesel Cost $/liter 0.95$                             
Unit Tire Cost 3,500$                           Repair Annual

Fuel/Supplies Annual Fuel Annual Tire Life Annual Undercarr. Annual Reserve Repair
Load Haul Hours $/hr Op. Hours liter/h Fuel Costs Hours Tire Cost $/hr Undercarr. $/hr Reserve
Annual Truck Hours 87.00 8987 65 554,943$       4000 47,181$    20.00$      179,739$  
Annual Loader Hours 103.55 3819 85 308,420$       5000 10,694$    20.00$      76,389$    
Annual Dozer Hours 81.75 2016 65 124,488$       14.06$      28,350$    20.00$      40,320$    
Annual Grader Hours 53.65 1440 31 42,408$         5000 6,048$      20.00$      28,800$    

Subtotals 1,030,259$    63,924$    28,350$    325,247$  
Total Fuel, Maintenance Supplies 1,447,780$            
Contingency Factor 25%
Total Load/Haul/Place 1,809,725              
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Historic Tailings Reprocessing Assessment Reports 
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Historic Tailings Reprocessing Assessment Reports 
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Historic Tailings Reprocessing Assessment Reports 

 
 

 



























































 

 

 

 

 

Appendix D-4 

 

Historic Tailings Reprocessing Assessment Reports 
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