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Figure 11.15 2010 Core Field Duplicate Samples - Gold Results (N-455) 

 
 

Figure 11.16 2011 Core Field Duplicate Samples - Gold Results (N=38) 
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11.3.7 CHECK SAMPLE PROGRAM 

In addition to scheduled analysis of duplicate splits of core sample pulps by ALS, Orex carried out a 
check sample program in 2010 and 2011 that was based on submission of prepared splits from coarse 
reject material from original samples and from several core field duplicate samples to Laboratoire Expert 
Inc., in Rouyn-Noranda, QC.  This laboratory was not accredited according to ISO/IEC Guideline 17025 
by the Standards Council of Canada at that time but it is a reputable, independent commercial firm 
providing analytical services to the exploration and mining industries.  Results for a total of 349 pulps 
from original sample coarse reject material and 11 of core field duplicate materials for 2010 were 
reviewed for this report and are presented below on Figures 11.17 and 11.18.  

The larger coarse reject population shows moderate correlation between analyses (R2 value of 0.8419), 
while the very small core pulp split group shows poor correlation (R2 value of 0.6247).  

Figure 11.17 2010 Check Samples - Gold Results (N=349) 
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Figure 11.18 2010 Core Field Duplicate Check Samples - Gold Results (N=11) 

 
 

11.4 COMMENT ON SAMPLE PREPARATION, ANALYSES, 
AND SECURITY PROGRAM 

Mercator is of the opinion that sample preparation, analysis and security methodologies employed at the 
Goldboro property by Orex, its predecessors, and related parties during the period 1984 through 2011 
reflect evolving industry standards and are generally acceptable and sufficient for such a project. 
Programs by Orex beginning in 2005 and continuing through 2011 stand out due to robust protocols that 
identify and address any substantive irregularities that may have developed with respect to program 
components.  

Results of Orex QA/QC programs for 2010 and 2011 are generally consistent with those reported for 
previous Orex programs in that they highlight relatively poor reproducibility of results for multiple 
sample splits of field duplicate and coarse reject duplicate materials, with this being most apparent at 
elevated gold grade levels (e.g. >0.5 g/t).  These trends are considered to be largely attributable to 
heterogeneous gold grain size distribution (nugget effect) in the originally sampled core materials.  Pulp 
split duplicates show higher degrees of correlation.  Data trends do not indicate that preparation stage 
cross-contamination has been a problem in the 2010 and 2011 programs.   
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Certified reference material results for these Orex programs indicate that inhomogeneity may characterize 
SN50 material splits and Mercator advises that the source of this issue should be investigated before the 
material is used again.  The most consistent certified reference material results have been returned from the 
OxJ64, OxK69, and SK52 materials.  Mercator advises that splitting procedures by site staff for bulk 
certified reference materials should be reviewed to ensure that standardized and appropriate methods are 
consistently employed.  A component of variation for certified reference material results could be 
attributable to non-representative splitting procedures.  Use of pre-packaged and pre-split materials is 
recommended.  

With respect to results from the 2017 Anaconda drilling program, Mercator is of the opinion that 
associated QA/QC protocols reflect current industry standards and that data associated with such drilling 
would be acceptable for use in future resource estimation programs.  
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12 DATA VERIFICATION 

12.1 REVIEW AND VALIDATION OF PROJECT DATASETS 
Core sample records, lithologic logs, laboratory reports, and associated drillhole information for all drill 
programs completed in the 1984 to 2011 period were digitally compiled for use in Geovia-SurpacTM 

deposit modeling software.  This information was sourced in Microsoft® Excel spreadsheet (.xls) files 
provided by Orex that had been created from Project records.  Orex also provided access to the Project’s 
drillhole logging database that contained data from the most recent drilling campaigns.  Information 
pertaining to the exploration history of the Property area was also made available to Mercator, primarily 
as electronic document copies, but also as hard copy bound reports and files that constitute part of the 
Project archives.  As noted earlier, no drilling data associated with the nine drillholes completed in the 
2017 program by Anaconda was used in the resource estimation program described in this report and 
Mercator is not responsible for comment on QAQC results for that drilling program.    

Historic and current drilling program information was reviewed and digital records of historic drilling 
were checked for both consistency and accuracy against original source documents available through 
NSDNR or received from Orex.  Parameters reviewed in detail include drillhole collar coordinates, 
downhole survey values, hole depths, sample intervals, assay values, and litho-codes.  This included 
records of underground and surface drilling.  All 2010 and 2011 drillhole coordination and orientation 
data inputs were checked, and validation of approximately 20% of the assay dataset for sample interval 
and assay value information against corresponding source documents was carried out.   

Manual review and checking of logging and sample records showed generally good agreement between 
original records and digital database values for all datasets.  No historic or current drillholes were 
excluded from the resource drilling database due to lack of support records but several items attributed to 
data entry errors were identified, and necessary changes were made in the database.  These were 
identified in a validation comments field of the review drilling database.  

After completion of all manual record checking procedures, the drilling and sampling database records 
were further assessed through digital error identification methods available through the SurpacTM 

modeling software.  This provided a check on items such as sample record duplications, end-of-hole 
errors, survey and collar file inconsistencies and certain potential litho-code file errors.  The digital 
review and import of the manually checked datasets through SurpacTM provided a validated Microsoft® 
Access database that Mercator considers to be acceptable with respect to support of the resource 
estimation program described in this report. 

Mercator did not extend validation work to include 2017 Anaconda data because data from these holes are 
not used in the current resource estimate. 
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12.2 SITE VISITS BY MERCATOR  

12.2.1 SCOPE OF VISIT ACTIVITIES 

Mercator staff geologist, Stewart Yule, P.Geo., and Mr. Jeffrey Burke, carried out a site visit to the 
Goldboro Property on the 9th and 10th of January, 2013 under direction of Mercator’s Chief Geologist, 
M. Cullen.  Mr. Yule had visited the Property on several occasions and, as an employee of Mercator, 
provided core logging services during the 2010 diamond drilling program by Osisko.  He also coordinated 
the 2010 reverse circulation drill program on the Property that is described in report Section 10.  As 
previously mentioned, since no exploration pertinent to the mineral resource estimate prepared by 
Mercator has been carried out on the Property since this visit, Mercator determined that a site visit in 
support of the current mineral resource estimate program was not required.  

At the time of the 2013 site visit, mineralized sections of core from drillholes OSK10-07, OSK10-16, 
OSK10-18, OSK10-21, OSK10-31, OSK10-40, OSK10-41, and OSK11-01 were checked against the 
litho-coded database entries for corresponding logged intervals.  In all instances checked, logged 
descriptions and previous sample tags were found to be appropriately represented by the corresponding 
database litho-code.  A check sampling program consisting of 22 quarter-cut core samples was also 
completed at the time of the site visit.  After insertion of a blank sample and two certified reference 
material samples in the sample stream for quality control purposes, these were submitted to SGS Canada 
Inc. (SGS) in Lakefield, Ontario for determination of gold levels using fire assay and screen metallics 
processing methods.  Samples were retained in the secure possession of Mercator staff from the time of 
collection until the time of shipment to SGS by commercial courier.  Results of the sampling program are 
presented below.  As noted previously, SGS is an independent, fully accredited and ISO certified firm.  

General observations regarding the character of the landscape, surface drainage, road / drill pad features, 
drill sites, site reclamation, historic shaft reclamation features, and physical facilities of the Goldboro 
Property were made during the site visit and these were photographically documented.  During this time it 
was observed that while most drill collars are marked by wooden posts (Figure 12.1), these are commonly 
not well labelled, or written labels have faded from exposure.  It is recommended that drill collar labels 
with hole numbers on metal tags be used in the future and that wooden posts be replaced with PVC pipe.  
With respect to general surface conditions, it was noted that drill sites visited were clean and well graded 
and that local vegetation is reclaiming such areas.  It was observed that drillhole OSK11-01 was making 
water at a very slow rate and that drill collar OSK11-02 has a very short post marker which could be lost 
in new vegetation.  On the east side of the Property, several open historic mine shafts have been 
backfilled and access roads associated with this work were visible.  These sites are well marked with 
flagging tape and new Nova Scotia Department of Natural Resources warning signs (Figure 12.2). 

In addition to the 2013 site visit, co-author Cullen visited the Goldboro Property in February of 2010 at 
which time core logging and sampling activities pertaining to the 2010 Orex program were reviewed.  
Mr. Yule and Mr. Cullen are co-authors of the 2013 and 2017 Orex resource estimate technical reports. At 
that time, drill core check sampling, site inspection, and drill collar coordinate checking programs were 
carried out.  

Orex and Anaconda advised Mercator that no exploration work pertinent to preparation of a mineral 
resource estimate for the property has been completed and disclosed since disclosure of the March 2017 
mineral resource estimate by Mercator.  On this basis, and recognizing that no other changes were known 
to Mercator at the December 31, 2017 effective date of the current mineral resource estimate that would 
be material to the estimate, Mercator determined that completion of a site visit additional to those 
described above was not required to support the current mineral resource estimate.   
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Figure 12.1 Drill Collar Marker 

 
Figure 12.2 Historic Shaft Backfilled by NSDNR 

 
 



 
 
 

 

GOLDBORO PROJECT 
Project No.  171-07669-00_RPT-01_R1 
ANACONDA MINING INC. 

WSP
March 2018

Page 99

12.2.2 DRILL CORE CHECK SAMPLING PROGRAM 

As noted above, Mercator collected 22 quarter-core check samples of archived drill core from the 2010 
and 2011 drilling campaigns and these were submitted to SGS for gold analysis using fire assay 
fusion-atomic absorption and screen metallics processing techniques.  One blind blank sample and two 
certified reference material samples were also submitted for quality control purposes. 

The Mercator blank sample returned a gold value below the detection limit and this is interpreted as 
indicating that substantive cross-contamination of samples during laboratory preparation did not occur.  
Results for the CDN-ME-19 and CDN-GS-6C certified reference materials were 0.640 g/t gold and 
6.13 g/t gold, respectively, and fall within respective mean ± 2 standard deviations control limits for the 
respective materials.  Both reference material samples were sourced from CDN Resource Laboratories 
Ltd. in Langley, British Columbia. 

Mercator core check sample gold results are compared to original drill program results shown on 
Figure 12.3, and a correlation coefficient of 0.46 applies to the dataset after removal of an outlier  sample 
having an original value of 117.5 g/t and a check sample gold result of 0.5 g/t  (the associated scatter plot 
is not included).  Inspection of the data pairs shows that correlation is best for gold grades below 5 g/t, 
with deterioration of the correlation occurring above that level.  

Check sample program results for the 22 quarter core samples and 2 QAQC samples are interpreted as 
confirming the general mineralized character of the core intervals tested, with new data showing a low 
bias in most cases.  Results also indicate that gold distribution within drill core at the scale of quarter core 
subsamples is heterogeneous.  This is considered a reflection of ‘nugget-effect’ that is a well-documented 
characteristic of gold mineralization on the Goldboro Property.  Another contributing factor to poor 
correlation between gold results for the original core samples and check samples is relative sample size.  
Original samples were twice the size of the check samples and therefore had a greater opportunity to 
contain coarse grained gold particles. 

Mercator considers results of the January 2013 independent QA/QC program to be as expected, 
recognizing that a coarse gold component is present on the Property and that metallurgical test results 
have consistently shown drill core sample assays to understate global gold grades.  
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Figure 12.3 Mercator Drill Core Check Sample Program Results N=24 

 

12.2.3 DRILL COLLAR COORDINATE CHECKING 

Collar coordinates for 17 drillholes completed on the Goldboro Property were checked by Mercator 
during the January 2013 site visit.  A Garmin Map 60Cx hand-held GPS unit was used to collect collar 
coordinate check values and these were then compared to validated resource database collar values.  
Excellent correlation exists between the two datasets with respect to UTM Easting and Northing values, 
with the total range in Easting variation being -1.5 m and +2.35 m and the total range for Northing 
being -2.19 m and +4.16 m.  Values in the collar check elevation dataset range between -6.41 m and 
+9.67 m of corresponding database collar values and, as expected, provide only an order of magnitude 
check on project database values.  The differential GPS methods used for drillhole pickup are considered 
more accurate.  Tabulated results of the drill collar checking program are presented in Table 12.1, and 
Mercator is of the opinion these results adequately confirm database collar locations.   
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Table 12.1 Mercator Drill Collar Coordinate Checking Results * 

Hole ID GPS 
Easting 

(m) 

GPS 
Northing  

(m) 

GPS 
Elevation 

(m) 

Database 
Easting 

(m) 

Database 
Northing (m) 

Database 
Elevation 

(m) 

BR08-42 606390 5006360 67.40 606389.91 5006357.54 66.65 

BR08-44 606369 5006352 73.90 606367.03 5006351.97 69.18 

OSK10-12 606486 5006325 65.30 606487.50 5006322.51 67.40 

OSK10-14 606465 5006312 66.00 606464.34 5006309.40 68.25 

OSK10-16 606435 5006314 62.40 606435.88 5006312.83 66.40 

OSK10-19 606412 5006311 65.50 606412.74 5006309.24 66.48 

OSK10-26 606312 5006382 70.10 606311.23 5006381.06 70.12 

OSK10-29 606263 5006374 74.10 606260.65 5006376.19 71.57 

OSK10-32 606212 5006377 76.80 606210.39 5006379.17 73.08 

OSK10-35 606163 5006403 82.10 606161.20 5006404.38 75.58 

OSK10-39 606120 5006401 86.40 606119.93 5006402.55 76.73 

OSK11-01 607452 5006173 58.80 607451.15 5006168.84 59.14 

OSK11-02 607451 5006074 52.30 607449.81 5006073.05 58.71 

OSK11-03 607698 5006130 63.60 607696.22 5006126.65 67.50 

OSK11-04 607695 5006028 66.20 607695.44 5006023.89 65.22 

OSK11-05 607952 5006101 66.90 607950.63 5006098.13 70.60 

OSK11-06 607951 5006019 70.80 607949.13 5006015.58 69.30 

*UTM Zone 19 NAD 83 Coordination; sea level elevation datum 
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13 MINERAL PROCESSING AND 
METALLURGICAL TESTING 

13.1 BACKGROUND AND PREVIOUS METALLURGICAL 
TESTING 

Past development work on the Goldboro Deposit has shown that the presence of coarse free gold has made it 
difficult to accurately define run-of-mine feedstock grades based on small drill core samples and standard 
gold fire assays.  Much of the previous metallurgical test work, as summarized by Cullen et al. (2017) has 
focussed on processing bulk samples to assist with identifying grades for resource estimation.  It has 
routinely been found that gold grades determined by gold extraction from bulk samples exceed the grade 
determined by sub-sampling and fire assaying the sample interval. 

Previous metallurgical test work by Orex included a 2005 program in which composite samples of drill 
core from 30 to 132 kg each were processed by gravity and cyanidation of gravity tailings to estimate 
gold grades.  The program was based on determination of gold grades and not flowsheet development. 

A more extensive metallurgical test program was undertaken by Orex in 1990, based on processing 
underground bulk samples through a 100 kg/h pilot plant with gravity separation, flotation and cyanide 
leaching, to assist with determining the grade of the bulk samples.  The testing was conducted with 
relatively fine grind sizes of 80% passing 41 to 68 micron for flotation feed.  Each of the two samples 
tested weighed about 7 tonnes, and the results of the test program are summarized in Table 13.1.  The 
overall recovery improved with increasing gold grade.  The gravity concentrates as reported were 
relatively low grade, so the gravity contribution to overall recovery would likely be lower once the 
gravity concentrate was cleaned to meet typical grades. 

Table 13.1 Summary of 1990 Orex Metallurgical Pilot Program on Goldboro Bulk Samples 

Sample Gold Grade  
(g/t) 

Gravity Gold 
Recovery (%) 

Gravity Concentrate 
Gold Grade (g/t) 

Overall  
Gravity-Float-Leach 

Gold Recovery [1] (%) 

A – 125 foot level 2.55 35.8 472 88.7 

B- 250 foot level 4.07 31.0 556 95.2 

Note:  [1] There was also gold recovered during the clean-up of the pilot plant which was excluded from both the 
feed and products when calculating recovery.  

Testing was also conducted that demonstrated the cyanide leach tailings were amenable to treatment using 
the Inco Air/SO2 process. 

A mineralogy study on the flotation concentrates identified that over 90% of the sulphide mineral content 
was arsenopyrite, with the balance being pyrite, pyrrhotite and minor/trace marcasite, chalcopyrite, 
bornite, covellite, sphalerite, and galena.  The non-sulphide minerals consisted of quartz, muscovite, 
carbonates, and graphite. 
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13.2 RECENT METALLURGICAL TESTING (ANACONDA 2017) 

13.2.1 SAMPLE DESCRIPTION 

Anaconda collected core samples for metallurgical testing in June, 2017, from BR-17-01 toBR-17-05.  
Based on drill core assay results, Anaconda provided a selection of samples from these drillholes that 
graded above 0.5 g/t gold.  The samples were selected to represent the Boston-Richardson and East 
Goldbrook Systems.  Further details on sampling methods can be found in Section 11.0.  The selected 
drill core samples were crushed to minus 1.7 mm and blended into a single composite metallurgical 
sample for testing. 

The head grade of gold in the composite test sample is shown in Table 13.2, as defined by two different 
assay methods.  A screen metallic gold assay method resulted in a lower assayed gold content as 
compared to the calculated head assay from all the bench scale metallurgical tests.  This phenomenon was 
noted in the previous reports by others and has been attributed to the nugget effect of coarse gold in the 
Goldboro Deposit.  The calculated gold assay of 3.44 g/t with the larger 56 kg sample size is considered 
to best represent the average grade of the sample tested.  The coarse grain size of the free gold in the 
Goldboro samples resulted in a relatively wide variation in gold head grade in individual bench test head 
samples from 1.87 to 5.02 g/t.  Although this has been accounted for by a mass balance assessment for 
each of the tests, testing at a scale larger than bench scale would be required to reduce the gold head grade 
variation between tests. 

Table 13.2 Goldboro Metallurgical Sample Gold Head Grades 

Screen Metallic Gold Assay (g/t) 

Average (3 kg) 2.35 

Standard Deviation 0.09 

Calculated Gold Assay (g/t) 

Average (56 kg) 3.44 

Standard Deviation 0.89 

 

The assay results of other elements are presented in Table 13.3.  The silver content was not considered 
economically significant, and an assessment of silver recovery was not included as part of the 
metallurgical test program.  Based on the assays, arsenic sulphide would be the main sulphide mineral in 
the sample.  The sample is low in other base metals (copper, lead and zinc).  Even at 0.21%, the organic 
carbon measured in the sample did not cause preg-robbing issues in the cyanide leach tests.  
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Table 13.3 Goldboro Metallurgical Sample Elemental Analysis 

Parameter Units Value 

Organic carbon wt% 0.205 

Inorganic carbon wt% 0.004 

Sulphate sulphur wt% 0.003 

Sulphide sulphur wt% 0.593 

Silver g/t 3 

Arsenic wt% 1.02 

Iron wt% 4.56 

Copper g/t 49 

Lead g/t 33 

Zinc g/t 108 

 

13.2.2 GRINDABILITY INDEX TESTING 

SGS Mineral Services performed standard Bond grindability index testing on a subsample of the 
Goldboro composite.  The testing included measurement of the Bond abrasion index, Bond rod mill work 
index, and Bond ball mill work index (at 150 micron screen closing size).  The results in Table 13.4 show 
that the sample is considered average to moderately hard to grind. 

Table 13.4 Goldboro Grindability Test Summary 

Abrasion 
Index AI 
(g) 

Bond Rod Mill Work 
Index RWI  

(kWh/t) 

Bond Ball Mill 
Work Index BWI  

(kWh/t) 

Ball Mill P80 
(micron) 

0.267 15.8 14.8 111 

 

13.2.3 HIGH-YIELD GRAVITY PRE-CONCENTRATION 

A high-yield gravity separation technique was investigated that could be used to recover free gold and 
gold associated with sulphides by gravity alone, without the use of flotation.  The recovery of a high-yield 
gravity concentrate is based on producing a gold-rich sulphide concentrate that would be treated 
downstream similarly to a flotation concentrate.  

To simulate the continuous recovery of centrifugal gravity concentrate at high yield, a multi-stage batch 
test was conducted using a laboratory Knelson concentrator.  The ground sample passed through the 
Knelson concentrator five times to scavenge more gold from the sample on each pass.  Two different 
grind sizes (P80 of 120 micron and 282 micron) were tested.  

The overall high-yield pre-concentration results after five stages and the first two stages of centrifugal 
gravity separation are shown in Tables 13.5 and 13.6, respectively.  For both grind sizes, most of the gold 
that is recovered occurs within the first two stages of the test.  The last three stages recover much more 
mass with minor additional recovery of gold.  The finer grind size of 80% passing 120 micron allows for 
higher gold recoveries and grades compared to the coarser grind size as defined by the test program.  
Compared to flotation, a gravity-only flowsheet recovers less gold at a higher mass yield. 
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Table 13.5 Summary of High-Yield Gravity Separation Test Results after Five Stages of Centrifugal 
Gravity Separation 

Test No. Grind P80 

(micron) 
After Five Stages 

Mass Recovery  
(%) 

Gold Recovery  
(%) 

Gold Grade  
(g/tonne) 

KN-01 120 17.6% 93.9% 15.2 

KN-02 282 19.5% 88.2% 11.0 

 

Table 13.6 Summary of High-Yield Gravity Separation Test Results after Two Stages of Centrifugal 
Gravity Separation 

Test No. Grind P80 

(micron) 
After Two Stages 

Mass Recovery  
(%) 

Gold Recovery  
(%) 

Gold Grade  
(g/tonne) 

KN-01 120 8.1% 91.4% 67.6 

KN-02 282 8.6% 82.0% 50.1 

 

13.2.4 GRAVITY RECOVERY OF GOLD 

Single-pass 10-kg gravity recoverable gold (GRG) bench scale tests were conducted as an initial 
assessment of potential GRG recovery in grinding circuit circulating loads and provide gravity tailings for 
downstream testing.  After grinding to the final grind size target, a bench scale batch Knelson centrifugal 
concentrator was used to recover the GRG followed by cleaning of the Knelson concentrate to 5 
to10 grams on a Mozley table.  Three grind sizes were tested with a P80 of 80, 110 and 150 micron. 

All three grind sizes resulted in appreciable gravity recoverable gold as shown in Table 13.7.  Over 40% 
of the gold was recovered to a gravity concentrate after Mozley table cleaning for all tests.  The gravity 
concentrate grades produced in each test showed a variation related to the gold head grade in the 
particular test sample which was attributed to nugget effects in sample splitting.  With the high-gravity 
recoverable gold in each of the tests, it was apparent that gold is present as a coarse size/flat shape based 
on visual observations.  Gravity recovery of gold as an integral part of the grinding circuit should be 
further considered for the flowsheet to prevent potential losses of coarse gold that might otherwise occur 
in a full-scale grind-flotation operation. 

Table 13.7 Gravity Gold Recovery (GRG) Test Results Summary 

Test No. Grind P80 
(micron) 

Gravity Conc.  
Gold Grade  

(g/tonne) 

Gravity Recovery 
Gold (%) 

KN-03 80 1,930 43.1 

KN-04 110 4,255 46.4 

KN-05 150 1,344 54.5 
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13.2.5 ROUGHER FLOTATION SCOPING TESTS 

An initial series of batch rougher flotation tests were conducted to assess gold recovery in a sulphide 
concentrate with a grind size ranging from a P80 of 80 to 150 micron and with flotation directly on the 
ground sample versus flotation on gravity tailings after removing the GRG.  The flotation reagent scheme 
was based on potassium amyl xanthate (PAX) and Cytec Aeroflot 208 as collectors with MIBC as frother, 
and natural pH.  Cleaner flotation tests to upgrade the rougher concentrates were not conducted. 

Figure 13.1 shows the flotation tailings grade at varying grind sizes, and this assessment provides a means 
of assessing the test results with a reduced influence of varying sample gold head grade (nugget effect).  
Gold recovery increased as the grind became finer and there was little discernable difference between 
direct flotation and gravity plus flotation for gold recovery by the batch flotation tests. However, it is 
recommended that gravity separation be maintained in the flowsheet, since the batch tests did not include 
the circulating loads of gold that can contribute to flattening or sliming and gold losses in a continuous 
operation. 

Figure 13.1 Rougher Flotation Tailings Gold Grade with and without Gravity Separation Ahead of Flotation 
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13.2.6 GRAVITY-FLOTATION-CYANIDATION FLOWSHEET TESTING 

Based on the gravity and flotation pre-concentration test results, the entire flowsheet on Figure 13.2 was 
then tested using a 10-kg sample at a grind size of 80% passing 110 micron.  The testing included cyanide 
leaching of gravity and flotation concentrates.  The regrind of the flotation concentrate prior to leaching was 
varied as follows: 

— No regrind with P80 of 21 micron; 

— Regrind to P80 of 18 micron; 

— Regrind to P80 of 13 micron. 

Figure 13.2 Gravity, Flotation and Cyanide Leach Test Block Diagram 
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GRAVITY AND FLOTATION 

The results for production of a gravity concentrate and rougher flotation of the gravity tailings are shown 
in Table 13.8.  The gravity separation in test KN-06 produced a higher gold recovery of 62.1% compared 
to the comparable test KN-04 (previous Table 13.7) which recovered 46.4% gravity gold at a similar 
concentrate grade, highlighting variability in the gravity recoverable gold.  The combined gold recovery 
was 96.6% to the gravity and flotation concentrates. 

Table 13.8 Overall Summary of Gravity and Rougher Flotation Pre-Concentration Tests KN-06 and FL-09 

Sample Grade Distribution 

  Gold (g/t) Gold (%) Mass (%) 

Gravity concentrate 4587 62.1 0.1 

Gravity tails 1.56 37.9 99.9 

Float concentrate 24.4 34.5 5.8 

Float tails 0.15 3.4 94.1 

Gravity concentrate + float concentrate 67.6 96.6 5.9 

 

Table 13.9 summarizes grades and recoveries for gold and other elements obtained in the flotation 
separation tests.  The arsenic and sulphur recoveries were similar to the gold recovery, and the 
concentrate is very rich in arsenic at 21.6% As.  

Table 13.9 Bulk Rougher Flotation Test Results (FL-09) on Gravity Tailings 

Sample Mass Assays 

Dist. (%) Au (g/tonne) As (%) Cu (%) Fe (%) Pb (%) S (%) Zn (%) 

Concentrate 5.82% 24.35 21.64 0.064 18.10 0.036 9.775 0.06 

Tailings 94.18% 0.15 0.05 0.001 3.85 0.002 0.070 0.01 

Calc. Head 100.0% 1.56 1.30 0.005 4.68 0.004 0.635 0.01 

Sample Mass Distribution 

Dist. (%) Au (%) As (%) Cu (%) Fe (%) Pb (%) S (%) Zn (%) 

Concentrate 5.82% 91.0 96.7 81.5 22.5 56.3 89.6 29.6 

Tailings 94.18% 9.0 3.3 18.5 77.5 43.7 10.4 70.4 

Calc. Head 100.00% 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

 

INTENSIVE CYANIDE LEACH OF GRAVITY CONCENTRATE 

The gravity concentrate produced in test KN-06 was leached in its entirety under intensive cyanide leach 
conditions.  The overall extraction of gold from the gravity concentrate after 48 hours was 99.5%, 
confirming the gold in the gravity concentrate was highly leachable. 

CYANIDE LEACHING OF FLOTATION CONCENTRATE 

The test results for leaching the flotation concentrate without a regrind and with two different regrind 
sizes are shown in Table 13.10.  Gold extractions reported herein are relative to the gold contained within 
the sulphide concentrate that was fed to the leach.  Regrinding to a particle size smaller than 80% passing 
20 micron was beneficial to improve the leachability of the gold.  The flotation concentrate was found to 
be readily leachable by cyanide, meaning the sample was defined as non-refractory. 
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Table 13.10 Gold Leachability and Reagent Consumption with 48-hour Cyanide Leach of Flotation Concentrate 

  Reagents per tonne of Concentrate Reagents per tonne of Feed 

Test Number Regrind P80 

(micron) 
Target 
[NaCN] 

(g/L) 

Gold 
Extraction 

(wt%) 

NaCN 
Added 
(kg/t) 

NaCN 
Consumed  

(kg/t) 

Ca(OH)2 
Added  
(kg/t) 

NaCN 
Added 
(kg/t) 

NaCN 
Consumed 

(kg/t) 

Ca(OH)2 

Added 
(kg/t) 

CN-LEA-01 None (20.9) 2.0 89.8% 7.05 1.88 0.66 0.41 0.11 0.04 

CN-LEA-02 18.1 2.0 96.6% 8.20 3.23 1.48 0.48 0.19 0.09 

CN-LEA-03 12.8 2.0 97.3% 8.72 3.71 1.99 0.51 0.22 0.12 
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OVERALL FLOWSHEET GOLD EXTRACTION 

The overall process configuration (Figure 13.2) including gravity separation, leaching of gravity 
concentrate, flotation of gravity tailings and leaching of the flotation concentrate yielded a total gold 
extraction ranging from 92.7% to 95.3%, depending on the flotation concentrate regrind particle size 
distribution, as summarized in Table 13.11. 

Table 13.11 Overall Extraction of Gold to Solution for Float-Leach and Gravity-Leach Process 

 Test Number 
Regrind P80 

(micron) 
Gold Extraction Relative to Feed 

  Float + Leach 
(wt%) 

Gravity + Leach 
(wt%) 

Float-Leach + Gravity-Leach  
(wt%) 

CN-LEA-01 None (20.9) 31.0% 61.8% 92.7% 

CN-LEA-02 18.1 33.3% 61.8% 95.1% 

CN-LEA-03 12.8 33.6% 61.8% 95.3% 

 

13.2.7 CYANIDE DESTRUCTION AND ARSENIC PRECIPITATION 

Initial two-stage batch treatment tests were conducted on the cyanide leach effluent (CN-LEA-01 through 
CN-LEA-03).  The first treatment stage was for cyanide destruction using the Inco Air/SO2 process.  The 
effluent from the cyanide destruction test was then treated in a second stage for precipitation of remaining 
metals, mainly arsenic and copper.  The tests were successful in removing cyanide and metals to below 
the current Metal Mining Effluent Regulations (MMER) requirements.  

CYANIDE DESTRUCTION 

The conditions for the cyanide destruction test are summarized in Table 13.12.  The concentration of iron 
in the feed to cyanide destruction requires significant addition of copper sulphate.  There was also 
elevated arsenic in the feed to cyanide destruction due to slight dissolution of the arsenopyrite in the 
cyanide leach.  

Table 13.12 Cyanide Destruction Bench Scale Test Conditions 

Test No. Feed  
Solution 

Air Flow Rate 
(L/min) 

Reaction Time 
(min) 

Target 
pH 

MBS Dose  
(kg/kg CNWAD) 

CuSO4 Dose 
(kg/kg Fe) 

CND-01 CN-LEA Comp. 1.0 120.0 8.5 8.00 6.28 

 

The test results in Table 13.13 show excellent removal of cyanide and most metals.  Copper and ammonia 
are still somewhat elevated at the end of the test.  The removal of thiocyanate (SCN-) at only 8.9% and 
generation of ammonia is typical of the Air/SO2 process.  Depending on the site water balance/fresh water 
make-up and natural degradation of ammonia in the tailings pond, thiocyanate and/or ammonia may 
require additional treatment to provide a non-acutely lethal final effluent if it builds up in the process. 
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Table 13.13 Cyanide Destruction Bench Scale Treatment Test Results 

Element or  
Compound 

CND-01 
Feed 

(mg/L) 

CND-01 
Effluent 
(mg/L) 

CND-01 
Percent Removal 

(wt%) 

[SCN]- 340 309.9 8.86% 

CNTOTAL 1110 0.47 99.96% 

CNWAD 537 0.21 99.96% 

As 53.7 0.76 98.59% 

Cu 67.3 3.82 94.32% 

Fe 122 <0.0115 >99.99% 

Ni 1.95 <0.0115 >99.41% 

Pb 0.18 0.04 75.95% 

Zn 8.42 0.08 99.10% 

ARSENIC PRECIPITATION 

The second stage of the treatment process was aimed towards reducing the residual arsenic concentration, 
while simultaneously precipitating any other remaining metals such as copper.  Treatment was conducted 
at four different conditions by adding ferric sulphate followed by lime to precipitate the arsenic as ferric 
arsenate.  Three different ferric sulphate dosages were tested and one test was used a chemical oxidant in 
case of arsenic present as As III which is more effectively removed after oxidation to As IV. 

The test conditions are shown in Table 13.14 and the results are shown in Table 13.15, for the overall 
treatment process of cyanide destruction and arsenic precipitation.  Arsenic removal improved as the 
ferric sulphate dosage increased.  Using a chemical oxidant in test ASP-04 further improved arsenic 
removal but copper removal was reduced.  It was concluded that, with sufficient ferric sulphate dosage, a 
chemical oxidant is not required. 

Table 13.14 Arsenic Precipitation Test Conditions 

Parameter Units ASP-01 ASP-02 ASP-03 ASP-04 

Fe3+:As ratio - 434 868 1,737 868 

KMnO4 mg/L 0 0 0 1,392 

The MMER guidelines were met under the conditions of ASP-02.  The higher ferric sulphate dosage of 
ASP-03 also met the guidelines except for copper.  The stability of the arsenic precipitate formed after both 
treatment stages was not identified in these preliminary small-scale tests.  Larger tests in future studies 
should assess if the arsenic is in a generally stable form as an iron-arsenic complex, such as scorodite. 

Table 13.15 Final Treated Effluent Concentrations Compared to Current MMER Schedule 4 Guidelines 

Element MMER 
Monthly Avg. Guidelines 

(mg/L) 

ASP-01 
Filtrate 
(mg/L) 

ASP-02 
Filtrate 
(mg/L) 

ASP-03 
Filtrate 
(mg/L) 

ASP-04 
Filtrate 
(mg/L) 

As 0.5 0.7 0.5 0.3 0.2 

Cu 0.3 0.2 0.2 0.5 2.8 

Ni 0.5 <0.0115 <0.0115 <0.0115 0.2 

Pb 0.2 0.03 0.03 <0.0115 <0.0115 

Zn 0.5 <0.0115 <0.0115 <0.0115 0.1 
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13.2.8 TAILINGS ACID-BASE ACCOUNTING AND METALS LEACHABILITY 

Subsamples of flotation tailings (FL-09) and cyanide leach residue (CN-LEA-02) were tested for 
acid-base accounting (ABA) and metals leachability (TCLP).  ABA testing was by the Sobek method, 
while TCLP testing followed US EPA Method 1311 (pH ≈ 4.5), plus a modified TCLP leach at natural 
pH (8.5 to 8.8).  The results are presented in Tables 13.16 and 13.17. 

In Table 13.16, the cyanide leach tailings are considered acid generating due to the high sulphide content 
of the flotation concentrate.  The flotation tailings have a low sulphide content resulting in a positive net 
neutralizing potential of 11.0 kg CaCO3/tonne.  Despite the positive result for the net neutralizing 
potential, with a value of less than 20 kg CaCO3/tonne, the material is considered to have ‘uncertain’ acid 
generating potential and further kinetic (column) testing would be required to confirm the short- and 
long-term acid generating potential if a disposal method other than sub-aqueous deposition is considered.  

Table 13.16 Summary of Modified Acid-Base Accounting Results for Test Program Products 

Sample 
Description 

Paste pH 
(pH units) 

Total 
Sulphur 

(%) 

Sulphate 
Sulphur 

(%) 

Sulphide 
Sulphur 

(%) 

Acid 
Production 
Potential 

(AP) 

Neutralizing 
Potential 

pH 8.3 (NP) 

Net 
NP  
pH 
8.3 

NP/AP 
 

(kg CaCO3/tonne) 

CN-LEA-02 
Residue 

8.40 10.44 0.012 10.39 324.6 12.9 -311.7 0.04 

FL-09 
Comp. Tails 

8.10 0.063 0.004 0.059 1.78 12.8 11.0 7.19 

 

Table 13.17 shows that at a standard leach pH of 4.5, the flotation tailings and cyanide leach tailings 
yielded metals concentrations less than the MMER guidelines except for arsenic in the cyanide leach 
tailings.  With the custom leach pH 8.8 which more closely represents the pH in a potential tailings 
impoundment, the cyanide leach tailings still had soluble arsenic at 14 mg/L which is well in excess of the 
monthly MMER guideline of 0.5 mg/L arsenic.  Further work is required on arsenic stability, treatment 
and disposal methods.  The initial results suggest that arsenic removal from tailings impoundment 
discharge water will be required using a ferric/lime treatment process as tested in Section 13.2.7. 
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Table 13.17 Results of Trace Element Analysis of Leachate from Standard TCLP Test (Varying pH) for Test 
Program Products 

Element TCLP Leachate Assay Result (mg/L) MMER Authorized Limits of 
Deleterious Substances (ppm) CN-LEA-02  

Residue 
FL-09  

Composite Float Tails 

pH 4.5 pH 8.8 pH 4.5 pH 8.5 Monthly Mean 
Concentration 

Composite Sample 
Concentration 

Grab Sample 
Concentration 

Ag < 0.002 <0.0005 < 0.002 <0.0005 - - - 

Al 0.18 0.327 < 0.002 0.79 - - - 

As 34.5 14 0.275 0.085 0.5 0.75 1 

B < 0.02 <0.005 < 0.02 <0.005 - - - 

Ba 0.24 <0.005 0.22 0.005 - - - 

Be < 0.002 <0.0005 < 0.002 <0.0005 - - - 

Bi < 0.02 <0.005 < 0.02 <0.005 - - - 

Ca 112 15.8 95.5 4.3 - - - 

Cd 0.0016 <0.00005 < 0.002 <0.00005 - - - 

Co 0.16 0.0035 0.007 <0.0005 - - - 

Cr < 0.02 <0.005 < 0.02 <0.005 - - - 

Cu < 0.02 <0.005 < 0.02 <0.005 0.3 0.45 0.6 

Fe 2.5 0.4 7.95 1.4 - - - 

K 24.6 1.9 21.65 2.3 - - - 

Li 0.017 0.0029 0.013 0.0031 - - - 

Mg 2.8 0.17 2.4 0.43 - - - 

Mn 1.86 <0.005 2.78 0.023 - - - 

Mo < 0.002 0.001 < 0.002 0.0026 - - - 

Ni 0.3 <0.005 0.05 <0.005 0.5 0.75 1 

Pb 0.053 0.0037 < 0.002 0.0013 0.2 0.3 0.4 

Rb 0.117 0.0033 0.097 0.0035 - - - 

Sb 0.052 0.0169 < 0.002 <0.0005 - - - 

Se < 0.02 <0.005 < 0.02 <0.005 - - - 

Sn < 0.002 <0.0005 < 0.002 <0.0005 - - - 

Sr 0.3 0.033 0.26 0.024 - - - 

Te < 0.002 <0.0005 < 0.002 <0.0005 - - - 

Tl < 0.002 <0.0005 < 0.002 <0.0005 - - - 

U < 0.002 <0.0005 < 0.002 <0.0005 - - - 

V < 0.02 <0.005 < 0.02 <0.005 - - - 

Zn 0.28 <0.005 0.02 <0.005 0.5 0.75 1 
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14 MINERAL RESOURCE ESTIMATES 

14.1 GENERAL 
The definition of mineral resource and associated mineral resource categories used in this report are those 
recognized under National Instrument 43-101 and set out in the Canadian Institute of Mining, Metallurgy 
and Petroleum Standards on Mineral Resources and Reserves: Definitions and Guidelines (2014) (the CIM 
Standards).  Assumptions, metal threshold parameters, and deposit modeling methodologies associated with 
the current Goldboro Deposit resource estimate are discussed in Sections 14.2 through 14.4. 

14.2 GEOLOGICAL INTERPRETATION USED IN RESOURCE 
ESTIMATION 

The stratigraphic succession of the Goldboro area is repeated across the axial zone of the Upper Seal 
Harbour anticline, which is an upright, ENE-trending fold that in the immediate property area plunges to 
the east at an inclination of 20° to 30°.  Slate unit intervals occurring in the core of the anticline are 
thicker than their laterally equivalent intervals on the north and south fold limbs and this is interpreted as 
indicating substantive influence of flexural slip folding processes.  Parent (1989) postulated slate unit 
thicknesses in the fold hinge areas to be as much as 2.8 times greater than in the fold limbs.  

The axial trace and apex of the Upper Seal Harbour anticline is cut by several steeply dipping NW and 
E trending brittle faults and these have the effect of locally disrupting continuity of individual mineralized 
quartz-slate belts.  The E-trending New Belt Fault is an example of a structure that produces such 
dislocation and passes from the south limb of the anticline to the north limb.  Gold-bearing belts 
intersected by the faults commonly show brecciation and brittle shearing of quartz and slate lithologies, 
with distribution of comminuted material along the fault plane.  Sedimentary sequences differ across this 
fault and in previous Property reporting have been separately referred to as the South and North limbs 
(Roy, 1998).  

With respect to the digital geological model developed for the resource area by Mercator, the tightly 
appressed, upright, east plunging, and symmetrical aspects of the Upper Seal Harbour anticline were 
consistently respected during section-based wireframing of the multiple mineralized belts present.  
Similarly, modeling of the New Belt Fault considered all available information that could be used to 
identify the fault location on successive drilling sections and this was wireframed to create the fault solid.  
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14.3 METHODOLOGY OF RESOURCE ESTIMATION 

14.3.1 OVERVIEW OF ESTIMATION PROCEDURE 

The estimate is based on validated results of 272 surface drillholes and 119 underground drillholes, for a 
total of 66,743 m of diamond drilling.  Modeling was performed using GEOVIA SurpacTM 6.8 modeling 
software with gold grades estimated for Inferred and Indicated category resources using inverse distance 
squared (ID2) interpolation methodology and capped 1.0 m downhole assay composites.  Measured category 
blocks are restricted to a Metallurgical Bulk Composite digital solid within which grade was interpolated 
using nearest neighbour (NN) methodology.  Block size is 2 m (x) by 2 m (y) by 2 m (z).  Partial percentage 
volume assignment was used to estimate volume of solid models within the block model.  The drilling-
defined deposit was divided into three spatial domains for modeling purposes, these being (1) the 
Boston-Richardson System, (2) the West Goldbrook System, and (3) the East Goldbrook System.  

Sectional interpretations correlating folded ‘belts’ of argillite and quartz veining supporting a minimum 
gold grade of 0.50 g/t were first defined and then digitally wireframed in sections to create 3-D solid 
model domains.  A total of 15 belt domains were created for the Boston Richardson Zone, 8 belt domains 
for the West Goldbrook System, and 7 belt domains for the East Goldbrook System.  All mineralized belt 
domains are centered on the hinge area of the Upper Seal Harbour Anticline, which plunges 20 to 30° to 
the east over a strike length of 1500 m in the deposit area. Belts have been defined to depths of up to 
400 m below surface and vary in average thickness from a few meters or less in fold limb areas to tens of 
meters in hinge zone saddles. A digital terrain model of the top of bedrock surface was also developed to 
constrain the model, along with digital solid models for underground workings and an east trending fault 
zone that intersects the Boston-Richardson System.  

Grade interpolation for Inferred and Indicated resources was constrained within the various belt domain 
wireframes using two interpolation passes. The Pass 1 interpolation ellipsoid has a 90 m major axis, 75 m 
semi-major axis, and a 25 m minor axis, with contributing assay composites capped at 80 g/t gold.  The 
Pass 2 ellipsoid has a 125 m major axis, 100 m semi-major axis, and a 25 m minor axis, with contributing 
assay composites capped at 80 g/t.  Multiple search ellipsoid orientations were applied in each pass to 
accommodate local variations in mineralization trends.  These generally conform in strike to the east-west 
trend of the regional anticline’s axial surface, have 60° - 70° dip orientations that match anticline limbs, 
and show major axis east plunges of 25° - 30°. Pass 1 and Pass 2 block grades are based on contributing 
1 m downhole assay composites constrained to a minimum of one and a maximum of nine composites, 
with no more than three composites from a single drillhole.  Pass 2 was run to populate blocks with two 
or fewer contributing drillholes from Pass 1 plus any remaining blocks not populated by Pass 1 due to 
their spatial location within the block model.  A density value of 2.70 g/cm³ was applied to all resource 
blocks.  Density and gold attributes for all resource blocks intersecting underground development and 
stoping solid models were defaulted to null values. 

A solid model wireframe within the Boston-Richardson System was developed to define an area of 
influence for 23 HQ surface drillholes completed in 2005 that were used in bulk composite metallurgical 
tests for belts historically identified as the Boston-Richardson, New Belt 1, New Belt 2 and New Belt 3.  
These occur on the anticline’s south limb and in the hinge zone.  This ‘Metallurgical Bulk Composite’ 
solid extends 150 m along strike and 90 m downdip, and has an average width of 5 m on the fold limb and 
35 m in the hinge zone.  Model blocks intersecting this solid were assigned gold grade values using NN 
interpolation methods and only metallurgical bulk composite assay results for the 23 HQ drillholes from 
2005 were applied.  A density value of 2.70 g/cm³ was applied to all blocks. 
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Measured resources are defined as all interpolated blocks within the Metallurgical Bulk Composite solid.  
Indicated resources are defined as all other interpolated blocks in Pass 1 with at least three contributing 
drillholes with contributing assay composites having a maximum average distance of 50 m from the block 
centroid.  Inferred resources are defined as all remaining interpolated blocks that occur within the various 
belt model solids. 

Mineral resources having potential for economic development using open pit methods were identified 
through application of a pit optimization routine based on the Lerchs-Grossman algorithm.  WSP carried 
out the pit optimization against the populated Mercator block using Geovia- Whittle mine modelling 
software and, after inspection, the resulting digital pit shell was used by Mercator to define mineral 
resources identified in this report.  Mineral resources having economic potential for underground 
development were subsequently defined below the base elevation of the optimized base case pit shell.  
Input parameters for both pit optimization and underground mining assessments were generated by WSP 
and adopted by Mercator to define mineral resources used in the current PEA. 

14.3.2 DATA VALIDATION 

The estimate is based on validated results of 272 surface drillholes and 119 underground drillholes, for a 
total of 66,743 m of diamond drilling.  A total of 32,954 core samples have been compiled, with an 
additional 57 bulk sample composites from the 2005 HQ drill program used for metallurgical analysis. 

The drillhole database developed for the previous mineral resource estimate was retained and transformed 
to Modified Transverse Mercator (MTM) Zone 4 coordinate system for the current mineral resource 
estimate.  Anaconda staff performed the initial transformation for the drillhole database that was 
subsequently validated by Mercator.  The original drillhole database was subject to a data compilation, 
and verification program performed by Mercator staff including validation checks on overlapping 
intervals, inconsistent drillhole identifiers, improper lithological assignment, unreasonable assay value 
assignment, and missing interval.  Checking of database analytical entries was also carried out against 
laboratory records supplied by Orex.  Additional assessments of drillhole database quality were 
previously described in report Section 12.  

14.3.3 DATA DOMAINS AND SOLID MODELING 

TOP OF BEDROCK SURFACE 

An updated digital terrain model (DTM) was developed by Anaconda staff for the top of bedrock surface 
and was provided to Mercator.  The new surface reflects minor adjustments made to respect drill collar 
table elevation edits for holes that are outside of the resource model area.  The new DTM was validated 
by Mercator against the updated drillhole database collar table and was found to be accurate.  The updated 
top of bedrock surface functioned as the top surface constraint in block grade interpolation for the current 
resource estimate (Figure 14.1).  
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Figure 14.1 Isometric Northwest View of the Top of Bedrock Surface DTM 

 

DOMAIN MODELING 

The Goldboro Deposit consists entirely of altered greywackes (sandstones-arenite) and slates 
(shale-argillite) of the Goldenville Group.  The stratigraphic sedimentary sequences of the Goldboro 
Deposit are affected by the Upper Seal Harbour anticline, an upright tight fold that plunges 10° to 30° 
towards the east, with argillite units structurally thickened in the apex of the anticline.  Gold 
mineralization predominantly occurs as auriferous arsenopyrite and native gold within or along the 
contacts of sulphide-bearing quartz veins hosted in sulphide-rich argillites which are collectively 
identified as ‘belts’.  Gold values also occur in some altered, non-veined argillite intervals that are 
spatially associated with quartz-veined intervals.   

Sectional interpretations correlating the folded belts at a minimum grade of 0.50 g/t over 5 downhole 
metres were first defined and then digitally wireframed to create 3-D solid model domains.  Wireframes 
were extended up to 75 m downdip and along strike from a drillhole intercept, or were limited to half the 
distance to a constraining drillhole if the minimum grade / length criterion was not met.  A total of fifteen 
belt domains were created for the Boston-Richardson System (Figure 14.2), eight belt domains for the 
East Goldbrook System (Figure 14.3), and seven belt domains for the West Goldbrook System 
(Figure 14.4).  All mineralized belt domains are centered on the hinge area of the Upper Seal Harbour 
Anticline over a strike length of 1,500 m in the deposit area (Figure 14.5).  Belts have been defined to 
depths of up to 400 m below surface and vary in average thickness from a few metres or less in fold limb 
areas to tens of metres in hinge zone saddles.  
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Figure 14.2 Isometric Northeast View of the Boston-Richardson System Solid Models 

 
 
 

Figure 14.3 Isometric Northeast View of the East Goldbrook System Solid Models 
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Figure 14.4 Isometric Northeast View of the West Goldbrook System Belt Solid Models 

 
 
 

Figure 14.5 Isometric Southeast View of the Goldboro Solid Models 

 
 

NEW BELT FAULT 

The New Belt Fault is a steep east-trending fault that cuts the axial trace and apex of the Upper Seal 
Harbour Anticline at the Boston-Richardson System of the Goldboro Deposit.  Current drilling defines the 
fault zone 325 m along strike, 300 m in vertical depth, and an average thickness of 5 to 10 m 
(Figure 14.6).   Gold mineralization is shown to be discontinuous across the fault and the fault zone itself 
commonly shows weak to no gold mineralization.  A 3-D solid model was wireframed from sectional 
interpretations of the New Belt Fault.  Drillhole intersections defining the fault zone were composited 
independently and were used to interpolate gold grades for intersecting blocks. 



 
 
 

 

GOLDBORO PROJECT 
Project No.  171-07669-00_RPT-01_R1 
ANACONDA MINING INC. 

WSP
March 2018

Page 120

Figure 14.6 Isometric Northeast View of the New Belt Fault 

 
 

UNDERGROUND WORKINGS MODELS 

Underground exploration and mining within the limits of the current resource estimate includes the 
historic Boston-Richardson shaft and stope developed in the early 1900s, and a decline with two levels of 
development that was constructed in the late 1980s.  Orex staff provided Mercator with 3-D solid models 
of the underground development used in the September 15, 2009 resource estimate, which were 
subsequently validated against the drillhole database and historical records of mined tonnes.  The Boston-
Richardson shaft and stope proved to be acceptable models, whereas the decline and the two associated 
levels were adjusted up 3 m in vertical elevation to better correspond with underground drillhole collars.  
Resource blocks intersecting the underground solid models (Figure 14.7) were set to default values for all 
attributes after block grade interpolation.  

MineTech made additions to the original underground workings solid model for the Boston-Richardson area 
during preparation of the 2009 PEA and also added the shaft and main workings for the East Goldbrook 
area.  These changes were not used in the current resource estimate because the associated revised solids 
could not be functionally validated in SurpacTM.  While the volume impact of MineTech updates is not 
considered material with respect to the current resource estimate solid models, Mercator recommends that 
these revisions be incorporated into the existing, fully validated workings solid models to support future 
Project requirements.  The upper image on Figure 14.7 shows the existing Boston-Richardson solid model 
and the lower image shows that model, along with MineTech upgrades that include off-deposit drifts in the 
Boston-Richardson area and all workings in the East Goldbrook area. The East Goldbrook workings were 
largely exploratory in nature and did not support commercial production. 
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Figure 14.7 Isometric Northeast View of the Underground Workings Solid Models 

 

METALLURGICAL BULK COMPOSITE SOLID MODEL 

The September 15, 2009 resource estimate developed a metallurgical bulk composite solid model that 
functioned as a constraining area of influence for 21 metallurgical composites from the 2005 drill 
program.  The selected 21 metallurgical composites provide continuous sampling of the same lithological 
and mineralized domain, previously defined within the Number 1-2-3 south limb belts, and are a subset 
from the 57 total metallurgical composites analyzed.  The peripheral limits of the solid model were 
developed using NN Interpolation with an ellipsoid having a 33 m major axis, and 22 m semi-major and 
minor axes.  Intersected blocks were assigned to the Measured resource category.  For current purposes, a 
revised model reflecting the updated geological interpretation was generated by Mercator (Figure 14.8).  
Limits of the new solid extend half the distance along strike and dip to the nearest intercept that is no 
longer interpreted as being representative of the area tested by the metallurgical program.  The current 
‘Metallurgical Bulk Composite’ solid measures about 150 m along strike and 90 m downdip, and has an 
average width of 5 m on the fold limb and 35 m in the hinge zone. 
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Figure 14.8 Isometric Southeast View of the Metallurgical Bulk Composite Solid Model 

 

14.3.4 DRILL CORE ASSAY COMPOSITES AND STATISTICS 

The Goldboro Deposit drill core assay dataset contains 32,954 core sample records that were subject to a 
wide range of sampling and analytical methods over the history of the deposit.  Historical sampling 
widths vary from a few centimetres, reflecting the width of an individual vein, to tens of metres, reflecting 
the width of a mineralized belt.  In particular, the 1988 and 1989 drill programs used sample widths that 
range from 1.5 to 12.5 m in width in an attempt to reduce the coarse-grained gold nugget effect.  Drilling 
results from the 2010 and 2011 drill programs are significantly more consistent with industry standards, 
with the majority of sample widths being between 1.0 and 1.5 m.   

Core assay sample lengths were analyzed for all samples occurring within the modelled belt domains.  
Sample lengths range from a minimum of 0.10 m to a maximum of 21 m, with an average length of 
1.15 m.  Approximately 70% of samples are under 1.0 m in length and 80% of samples are under 1.50 m 
in length (Figure 14.9).  The 21 metallurgical composite samples intersecting the Metallurgical Bulk 
Composite solid model mentioned previously were also composited downhole at 1.0 m support length.  
Based on these results, downhole assay composites of 1.0 m length were developed for gold assay results 
to support the current resource estimation program.  

Compositing for resource purposes was constrained to the drillhole intervals intersecting individual belt 
solid models.  Downhole assay composites were diluted with 0 g/t gold grade values in intervals where 
core sample assay results are not continuously present over the full length of the 1.0 m composite support 
length.  No downhole assay composites were routinely created for intervals with no core sampling within 
the solid intersection.  The downhole assay composite data set was modified locally by creation of 
composites of 0 g/t gold grade for intervals having discontinuous sampling that were considered 
non-representative of the full mineralized solid intersection interval.  Drillhole intersections for the New 
Belt Fault domain were composited independently at the 1.0 m downhole support length. 
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Figure 14.9 Histogram of Core Sample Lengths within the Belt Domains 
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Descriptive statistics were calculated for the global composite population and are presented in Table 14.1.  

Table 14.1 Descriptive Statistics of Goldboro Belt Domain 1.0 m Gold Composites 

Parameter Gold 

Mean grade 2.44 g/t 

Maximum grade 876 g/t 

Minimum grade 0 g/t 

Variance 274.44 

Standard deviation 16.56 

Coefficient of variation 6.79 

Number of composites 8,465 

 

Distribution histograms, cumulative frequency plots, and probability plots for the 2017, 1.0 m composites 
are included in Appendix 2.  The Figure 14.10 log normal frequency histogram shows a multimodal grade 
distribution for the 1.0 m downhole composites and a natural break in the global grade population at 
80 g/t.   These trends are unchanged from 2013. 

Figure 14.10 Log Histogram of 1.0 m Downhole Composites (N=8465) 
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14.3.5 HIGH-GRADE CAPPING OF ASSAY COMPOSITE VALUES 

A high-grade capping factor of 80 g/t was determined through review of the assay distribution plots and 
basic statistics of the 1.0 m downhole assay composite population.  The 80 g/t value is between the 99.7th 
and 99.8th percentile value of the downhole assay composites.  Descriptive statistics were calculated for 
the global capped composite populations and are presented in Table 14.2.  A marked reduction in 
variation coefficient in comparison with uncapped composites is apparent for the capped population 
(6.79 uncapped vs.2.81 capped).   

Table 14.2 Goldboro: Descriptive Statistics of 1.0 m Capped Gold Composites 

Parameter Gold 80 g/t Cap 

Mean Grade 2.07 g/t 

Maximum Grade 80 g/t 

Minimum Grade 0 g/t 

Variance 33.99 

Standard Deviation 5.83 

Coefficient of Variation 2.81 

Number of Composites 8465 

 

14.3.6 VARIOGRAPHY AND INTERPOLATION ELLIPSOIDS 

To assess spatial aspects of grade distribution within the Goldboro Deposit, experimental downhole and 
directional variograms were developed for gold based on the entire 1.0 m downhole composite dataset 
defined by the belt domain modeling process.  Acceptable spherical model results were obtained for 
experimental downhole variograms, thereby providing assessment of global nugget values and minor axis 
ranges (Figure 14.11).  Acceptable experimental variograms were calculated within the east-west, steeply 
south-dipping orientation plane that coincides with the average south fold limb attitude of the 
Boston-Richardson System.  This plane includes areas of tightly spaced drilling, including underground 
drilling at 12.5 m spaced sections over a 125 m strike length, plus an otherwise large sample spatial range 
across the strike and dip extent of the fold limb.  Best experimental variogram results for the major axis of 
continuity were developed within a plane dipping 70° towards an azimuth of 190° using a spread of 30° 
(Figure 14.12).  Best experimental variogram results for the semi-major axis of continuity were developed 
within a plane dipping 69° towards an azimuth of 288° using a spread of 30° (Figure 14.13).  A maximum 
range of continuity of 110 m was modelled on both axes with a secondary structure in the experimental 
variogram showing continuity at approximately half that range. 

Interpolation ellipsoid ranges and orientations were developed through consideration of the variogram 
model assessment along with geological interpretations and mining history information.  Two 
interpolation ellipsoids were developed, the first having a 90 m major axis, 75 m semi-major axis, and a 
25 m minor axis was used for the first interpolation pass.  The second, with a 125 m major axis, 100 m 
semi-major axis, and a 25 m minor axis, was used for the second interpolation pass.  Multiple search 
ellipsoid orientations were applied in each pass to accommodate local variations in mineralized zone 
trends.  These generally conform in strike to the east-west trend of the regional anticline’s axial surface, 
have 60° to 70° south or north dip orientations that match anticline limbs, and show major axis east 
plunges of 20° to 30°. 
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Figure 14.11 Downhole Variograms for Gold 
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Figure 14.12 Major Axis Directional Variogram (Gold) – South Limb Boston-Richardson System 
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Figure 14.13 Semi-Major Axis Directional Variogram (Gold) – South Limb Boston-Richardson System 
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14.3.7 SET-UP OF 3-D BLOCK MODEL 

The block model extents were defined in Modified Transverse Mercator (MTM) Zone 4 coordinates and 
are presented in Table 14.3.  No rotation was applied to the block model.  Standard block size for the 
model is 2 m x 2 m x 2 m (X, Y, Z) with no sub-blocking allowed.  

Table 14.3 Summary of Deposit Block Model Parameters 

Type  Y (Northing m) X (Easting m) Z (Elevation m) 

Minimum coordinates 5006750 292750 4550 

Maximum coordinates 5007300 294400 5050 

User block size 2 2 2 

Min. block size 2 2 2 

Rotation 0 0 0 

 

14.3.8 BLOCK MODEL INTERPOLATION 

Inverse distance squared (ID2) grade interpolation was used to assign block grades for Inferred and 
Indicated resources, and nearest neighbour (NN) grade interpolation was used to assign block grades for 
Measured resources within the Goldboro block model.  As reviewed earlier, interpolation ellipsoid 
orientation and range values used in the estimation reflect trends determined from variography plus 
sectional interpretations of geology and grade distribution within the deposit.  The trends and ranges of 
the major, semi-major, and minor axes of grade interpolation ellipsoids used to estimate gold grades were 
discussed previously.  

Grade interpolation for Inferred and Indicated resources was constrained within the various belt domain 
wireframes using two interpolation passes, the first having a 90 m major axis range, a 75 m semi-major 
axis range, and a 25 m minor axis range.  The second pass utilized a 125 m major axis range, a 100 m 
semi-major axis range, and a 25 m minor axis range.  Contributing gold assay composites were capped at 
80 g/t for all domains and each interpolation pass was performed independently for the south and north 
limb of each belt, as defined by the axial plane of the anticline.  Contributing composites were limited to 
those occurring inside each individual belt and constrained to a minimum of 1 and a maximum of 9, with 
no more than 3 composites from a single drillhole for the first interpolation pass.  For blocks with 2 or 
fewer contributing drillholes in pass one, the second interpolation was used to assign block attributes 
using the same contributing composite parameters as in the first interpolation pass.  The New Belt Fault 
solid was separately interpolated from contained 1.0 m downhole assay composites, using the second pass 
interpolation methodology described above and a vertically dipping ellipsoid oriented at 083° azimuth. 

Grade interpolation for Measured resources was entirely constrained to blocks intersecting the 
Metallurgical Bulk Composite solid model and was carried out using NN interpolation methods and the 
1.0 m downhole Metallurgical Bulk Composite solid model intercept dataset.  The interpolation ellipsoid 
plunges 25° at azimuth 102.5° and dips 67.5° to the south, with 55 m major and semi-major axis ranges 
and an 18 m minor axis range.  Measured category interpolated block grades were given preference over 
block grades interpolated in the Inferred and Indicated interpolation passes.  

Bulk density and gold attributes for all resource blocks intersecting underground development and stoping 
solid models were defaulted to null values. 
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In addition to the metal interpolation procedure described above, a separate interpolation approach was used 
to identify areas within the block model that are influenced by several isolated, un-sampled drillhole 
composite intervals that occur within some of the grade constraint solids.  These reflect intervals for which 
no historic sampling was carried out within a grade solid drillhole intercept and are distinct from partially 
sampled solid intercept intervals in which Mercator created 0 gold grade composite values to in-fill between 
existing gold assay composite results.  To carry out this review, drillhole composite intervals intersecting 
belt solids having continuous assay composite coverage across the full intercept length, inclusive of ‘0’ 
grade composites created by Mercator, were flagged as ‘1’ denoting complete and continuous sampling 
across the solid intercept.  Where no sampling of a drillhole had been carried out within the hole intersection 
of the solid, composite intervals were generated for the intercept but were flagged with ‘0’ to identify their 
lack of associated assay data.  The 1 and 0 flag values were interpolated into the block model using the same 
two-pass approach used for gold grade to map relative spatial influence of sampled and un-sampled 
composite intervals within the block model.  This approach is similar to that used in the 2013 resource 
estimate by Mercator, but review of interpolation results in 2017 showed that application of a subjective 
0.50 threshold factor to identify affected blocks produced more satisfactory patterns of influence than the 
subjective 0.75 factor used previously.  The factor revision followed changes made in 2017 to the assay 
compositing protocol to include 0 grade dilution where required, plus revisions made to various belt solid 
models through wireframe updating carried out in 2017.  

Only a few instances of un-sampled drillhole intervals within grade solids are present in the model and 
these typically assign to 1980s era drillholes in either the East Goldbrook or West Goldbrook systems.  
Both areas are dominated by Inferred category mineralized zone material that was categorized using the 
standard block metrics scheme used to define Inferred category mineral resources for this report.  In most 
instances, the 0.5 factor described above had no effect on resource categorization because the standard 
metrics approach already applied had provided such categorization.  In areas of higher drillhole density, 
however, the effect of the 0.5 factor is to create an irregularly shaped zone of Inferred category blocks 
surrounding the non-sampled drillhole intercept.  Such zones generally measure about 20 m by 20 m or 
less in size when viewed on a belt solid surface.  Although this is useful to ensure Inferred category 
designation for areas immediately surrounding non-sampled drilling intersections of certain belt solids, 
Mercator is of the opinion that the impact of this approach on both deposit-scale resource categorization 
and grade estimation is negligible. 

14.3.9 BULK DENSITY 

A bulk density value of 2.70 g/cm3 was applied in the previous resource estimate for the Goldboro 
Deposit on the basis of nine verification samples measured by ALS Chemex in 2006.  This value 
corresponds closely with density values applied for other Meguma hosted gold deposits and therefore has 
been retained for the current resource estimate. 

14.3.10 RESOURCE CATEGORY DEFINITIONS AND PARAMETERS USED IN 
CURRENT ESTIMATE 

RESOURCE CATEGORY DEFINITIONS 

Definitions of mineral resources and associated mineral resource categories used in this report are those 
recognized under NI 43-101 and set out in the Canadian Institute of Mining, Metallurgy and Petroleum 
Definition Standards on Mineral Resources and Reserves (the CIM Standards) as adopted on May 1, 2014.  
Definitions of resource categories set out under the CIM Standards are as follows. 
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Inferred Mineral Resource: An Inferred mineral resource is that part of a mineral resource for which 
quantity and grade or quality are estimated on the basis of limited geological evidence and sampling. 
Geological evidence is sufficient to imply but not verify geological and grade or quality continuity.  An 
Inferred mineral resource has a lower level of confidence than that applying to an Indicated mineral 
resource and must not be converted to a mineral reserve.  It is reasonably expected that the majority of 
Inferred mineral resources could be upgraded to Indicated mineral resources with continued exploration 

Indicated Mineral Resource: An Indicated mineral resource is that part of a mineral resource for which 
quantity, grade or quality, densities, shape and physical characteristics are estimated with sufficient 
confidence to allow the application of modifying factors in sufficient detail to support mine planning and 
evaluation of the economic viability of the deposit.  Geological evidence is derived from adequately 
detailed and reliable exploration, sampling and testing and is sufficient to assume geological and grade or 
quality continuity between points of observation. An Indicated mineral resource has a lower level of 
confidence than that applying to a Measured mineral resource and may only be converted to a Probable 
mineral reserve. 

Measured Mineral Resource: A Measured mineral resource is that part of a mineral resource for which 
quantity, grade or quality, densities, shape, and physical characteristics are estimated with confidence 
sufficient to allow the application of modifying factors to support detailed mine planning and final 
evaluation of the economic viability of the deposit.  Geological evidence is derived from detailed and 
reliable exploration, sampling and testing and is sufficient to confirm geological and grade or quality 
continuity between points of observation.  A Measured mineral resource has a higher level of confidence 
than that applying to either an Indicated mineral resource or an Inferred mineral resource.  It may be 
converted to a Proven mineral reserve or to a Probable mineral reserve. 

RESOURCE CATEGORY PARAMETERS 

Mineral resources presented in the current estimate have been assigned to Inferred, Indicated, and 
Measured resource categories that reflect increasing levels of confidence with respect to spatial 
configuration of resources and corresponding grade assignment within the deposit.  Several factors were 
considered in defining resource category assignments, including drillhole spacing, geological 
interpretations and number and range of informing assay composites.  Specific definition parameters for 
each resource category are set out below; Figures 14.14 through 14.18 illustrate spatial distribution of 
these categories within the block model. 

Measured Resource:  Measured resources are defined as all blocks with an interpolated gold value from 
the NN interpolation pass within the Metallurgical Bulk Composite solid model.   

Indicated Resources:  Indicated resources are defined as all blocks with an interpolated gold value from 
the first ID2 interpolation pass based on assay composites from at least three contributing drillholes that 
have an average distance of 50 m or less from the block centroid, and excluding any blocks flagged to be 
categorized as Inferred on the basis of being supported by non-continuous core sampling intervals 
described in Section 14.3.8. 

Inferred Resources:  Inferred resources are defined as all other blocks with an interpolated gold value 
from the ID2 interpolation passes including blocks flagged to be categorized as Inferred on the basis of 
being supported by non-continuous core sampling intervals described in Section 14.3.8.   
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Figure 14.14 Isometric Northeast View of all Mineral Resource Categories 

 
Note: Red, yellow and blue denote Measured, Indicated, and Inferred category resources, respectively  

 

Figure 14.15 Isometric Southwest View of all Mineral Resource Categories 

 
Note: Red, yellow and blue denote Measured, Indicated, and Inferred category resources, respectively  
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Figure 14.16 Isometric Southwest View of Indicated and Measured Resource Categories 

 
Note: Red and yellow denote Measured and Indicated category resources, respectively  
 
 

Figure 14.17 Isometric Northeast View of Indicated and Measured Resource Categories 

 
Note: Red and yellow denote Measured and Indicated category resources, respectively  
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Figure 14.18 Isometric Southwest View of Measured Mineral Resource Category 

 
Note: Red denotes Measured category resource  

14.3.11 DETERMINATION OF RESOURCE REPORTING CUTOFF VALUES 

The development concept assessed in the current PEA includes near surface mineral resources that are 
considered potentially amenable to economic development using open pit methods as well as deeper mineral 
resources considered potentially amenable to economic development using underground mining methods. 

Resources with potential for open pit development are defined as those occurring within the optimized 
base case PEA pit shell created by WSP from the Mercator block model using Geovia-Gemcom® Whittle 
pit optimization software based on the Lerchs-Grossman algorithm and meeting a 0.5 g/t gold reporting 
cutoff value.  The base case pit shell input parameters applied are presented in Table 14.4.  A resource 
reporting gold cutoff value of 2.00 g/t was used to define mineral resources having potential for 
underground mining (see Table 14.5 for underground base case details).  

  



 
 
 

 

GOLDBORO PROJECT 
Project No.  171-07669-00_RPT-01_R1 
ANACONDA MINING INC. 

WSP
March 2018

Page 135

Table 14.4 WSP Base Case Pit Optimization Parameters 

Parameter Unit Base Case 
Onsite Scenario 

Process production rate tpd 575 

Mining dilution % 15 

Mining recovery % 95 

Overall slope angle degrees 42 

Mining cost $/tonne mined 5 

UG mining cost  
(for pit optimization use) 

$/tonne 125 

Processing cost 
(including additional costs for G&A, shipping, etc.) 

$/tonne processed 30 

Metallurgical recovery % 93 

Payable factor % 98 

Gold price $/oz. 1,500 

Selling cost $/oz. 20.94 

Resource classifications used in optimization  Measured 
Indicated 
Inferred 

 

Table 14.5 WSP Underground Mining Base Case Parameters 

Parameter Unit Onsite Milling 

Mine operating cost $/tonne 115 

Milling cost $/tonne 30 

Total cost $/tonne 145 

Process recovery (incl. payable factors) % 91 

Gold price $/oz. 1,500 

Selling costs $/oz. 14.94 

Transportation to refinery charges $/oz. 3.00 

Refining charges $/oz. 3.00 

Royalty  1% 

Return per refined oz. Au $/oz. 1,464 

Final cutoff grade g/t Au 3.38 

Mining recovery % 90 

Dilution % 25 

Dilution grade g/t Au 0.00 

OPEX per tonne of undiluted ore $/tonne 181.25 

Au value in dilution $/tonne 0.04 

Net OPEX per tonne diluted ore $/tonne 181.21 

Design cutoff grade g/t Au 4.22 
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14.3.12 STATEMENT OF MINERAL RESOURCE ESTIMATE 

Block grade, block density, and block volume parameters for the Goldboro Deposit were estimated using 
methods described in preceding sections of this report.  Subsequent application of resource category 
parameters to open pit and underground development potential domains resulted in the mineral resource 
estimate statement presented in Table 14.6.  Results are in accordance with the CIM Standards (2014) as 
well as with disclosure requirements of National Instrument 43-101.   

Table 14.6 Goldboro Project Mineral Resource Statement – Effective December 31, 2017  

Boston Richardson Zone Open Pit Mineral Resources Within Optimized Pit at 0.50 g/t Au Cutoff 

Category Tonnes Au (g/t) Troy Ounces 

Measured 397,000 2.88 36,800 

Indicated 662,000 3.09 65,800 

Measured and Indicated 1,059,000 3.01 102,500 

Inferred 45,000 2.54 3,700 

Combined Boston-Richardson, East Goldbrook, and West Goldbrook Zones  
Underground Mineral Resources at a 2.0 g/t Au Cutoff 

Category Tonnes Au (g/t) Troy Ounces 

Measured 22,000 4.70 3,300 

Indicated 2,564,000 5.09 419,600 

Measured and Indicated 2,586,000 5.09 422,900 

Inferred 2,497,000 4.28 343,600 

Combined Total Resources for Boston-Richardson, East Goldbrook, and West Goldbrook Zones  

Category Tonnes Au (g/t) Troy Ounces 

Total Measured and Indicated 3,645,000 4.48 525,400 

Total Inferred 2,542,000 4.25 347,300 

Notes: 

1 Mineral resources were prepared in accordance with NI 43-101 and the CIM Standards (2014).   

2 Open pit mineral resources are reported at a cutoff grade of 0.5 g/t gold within the WSP base case pit shell and 
are based on a gold price of CAN$1,550 /oz and a gold processing recovery factor of 95%. These include PEA 
base case open pit resources that have an estimated life of mine strip ratio of 7.3:1 (waste tonnes:PEA tonne). 

3 Appropriate mining costs, processing costs, metal recoveries and inter ramp pit slope angles were used by WSP 
to generate the base case pit design. 

4 Rounding may result in apparent summation differences between tonnes, grade and contained metal content. 

5 Tonnage and grade measurements are in metric units.  Contained gold ounces are in troy ounces. 

6 Contributing assay composites were capped at 80 g/t gold.  

7 A density factor of 2.7g/cm3 was applied to all blocks.  

8 Tonnages have been rounded to the nearest 1,000 tonnes; ounces have been rounded to the nearest 
100 ounces. 

9 Mineral resources that are not mineral reserves do not have demonstrated economic viability. This estimate of 
mineral resources may be materially affected by environmental, permitting, legal, title, taxation, sociopolitical, 
marketing, or other relevant issues. 
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14.3.13 MODEL VALIDATION 

Results of block modeling were reviewed in 3D and compared on a section-by-section basis with 
corresponding manually interpreted sections prepared prior to model development.  Block grade distribution 
was shown to have acceptable correlation with the grade distribution of the underlying drillhole data, and 
representative sections and isometric views are presented on Figures 14.19 through 14.26. 

Figure 14.19 Level Plan 4950 El – Block Gold Grade Distribution 

 
 
 

Figure 14.20 Level Plan 4900 El – Block Gold Grade Distribution 
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Figure 14.21 Section 293400 East – West Goldbrook System 

 
 
 

Figure 14.22 Section 293750 East – Boston-Richardson System 
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Figure 14.23 Section 294350 East – East Goldbrook System 

 
 
 

Figure 14.24 Isometric Northeast View of Gold Block Values 
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Figure 14.25 Isometric Southwest View of Gold Block Values 

 
 
 

Figure 14.26 Isometric Northeast View of Gold Block Values ≥ 3.00 g/t gold 
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Descriptive statistics were calculated for the drillhole composite values used in block model grade 
interpolations and these were compared to values calculated for the individual blocks in the block model 
(Table 14.7).  Average gold grades for the composite datasets areas are slightly higher than, but compare 
acceptably with, corresponding global grades of the block model and thereby provide a general check on 
the model with respect to the underlying assay composite population. 

Table 14.7 Goldboro Descriptive Statistics for 1.0 m Composites and Block Gold Values 

Parameter Block Model 80 g/t Capped Composites 

Mean grade 1.88 g/t 2.07 g/t 

Maximum grade 73.72 g/t 80 g/t 

Minimum grade 0 g/t 0 g/t 

Variance 7.61 33.99 

Standard deviation 2.76 5.83 

Coefficient of variation 1.47 2.81 

Number of values 1781986 8465 

Swath plots showing the spatial distribution of drillhole composite grades and block grades were also 
prepared along the length of the block model at several swath widths to further review the spatial 
relationship between block grade, block tonnes, and drillhole composite grades.  These show similar 
trends and compare favourably (Figure 14.27).  As expected, composites show typically higher grades 
than the weighted average blocks.  

Figure 14.27 Assay Composite and Block Gold Grade Swath Plot (gold ≥ 3.00 g/t) 
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14.3.14 TONNAGE AND GOLD GRADE SENSITIVITY 

The Goldboro block model was reported at several additional gold grade cutoff values to support a global 
grade and tonnage sensitivity analysis.  Results of this assessment are presented below on Figure 14.28 
and reflect reporting of tonnage and grade for the total Goldboro resource block model, including 
mineralized material not meeting cutoff parameters used to define the current mineral resource estimate. 
This means that not all material represented on Figure 14.28 is classified as a current mineral resource. 
Global grade and tonnage trends cross at a grade cutoff value of approximately 1.5 g/t gold and deposit 
size of approximately 3.8 million tonnes.  For comparative purposes, Figures 14.29 and 14.30, 
respectively, present similar plots for all block model areas of the deposit outside and within the 
optimized base case WSP pit shell used to distinguish between open pit and underground mineral 
resources in this report.  
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Figure 14.28 Global Tonnage/Grade Sensitivity Plot for Entire Goldboro Deposit 
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Figure 14.29 Global Tonnage /Grade Sensitivity Plot within Optimized WSP Pit Shell 
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Figure 14.30 Global Tonnage/Grade Sensitivity Plot Outside of WSP Pit Shell (underground) 
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14.3.15 COMMENT ON PREVIOUS RESOURCE ESTIMATION 

Previous mineral resource estimates for the Goldboro property prepared in accordance with NI 43-101 
were reported by Gervais et al. (2009), Puritch et al. (2006), and Bourgoin et al. (2004), Cullen and Yule 
(2013) and Cullen and Yule (2017) and details of these were presented previously in report Section 9.  
The current mineral resource estimate by Mercator supersedes all prior estimates.    

With the exception of the 2013 and 2017 estimates by Mercator, each estimate differs from the 
chronologically preceding estimate by having differing methodology and increased numbers of 
contributing drillholes and assay composites.  The 2013 and 2017 estimates include results for 53 more 
drillholes than the preceding estimate and this provided definition of additional mineralization and 
associated resources along the deposit trend.  It also provided infill coverage that has resulted in increased 
confidence in the geological interpretation developed for modeling of mineralized trends.   

The geological models developed for the 2013, 2017 and current Mercator estimates were based on 
wireframed solids that reflect higher nominal grade-width thresholds than used in previous estimates.  This 
had the effect of reducing internal grade dilution in comparison with the earlier estimate solids that were 
primarily developed to assess open pit potential.  In contrast, the 2013, 2017 and current modeling efforts by 
Mercator were primarily focused on definition of resources potentially amenable to underground mining.  
As a result, these had higher effective cutoff grades of 2.0 g/t gold (at US$ 1,492 per ounce gold pricing in 
2013 and US$ 1,225 per ounce gold pricing in 2017) in comparison with a 1.5 g/t cutoff used previously by 
Gervais et al. (2009) at US$ 750 per ounce gold pricing.   

Gold grade for combined Measured and Indicated resources at the 2.0 g/t gold cutoff level of the previous 
Gervais et al. (2009) estimate is 5.82 g/t gold, which is comparable to the 5.41 g/t gold grade for the total 
deposit at the same cutoff for the current block model.  The 2013 and 2017 resource estimates by 
Mercator differ by way of the manner in which discontinuously sampled core intervals were addressed 
during the assay compositing procedure.  As described previously in section 14.3.4, certain isolated assay 
composites supporting the 2017 estimate are lower in assigned gold grade due to a change in compositing 
method that provided inclusion of length-weighted intervals at 0 gold grade that were not reflected in the 
same composites in 2013.  This produced a 6.43% decrease in total contained gold ounces in the 2017 
estimate.  The current resource estimate differs from previous Mercator estimates by defining both open 
pit and underground resources based on an optimized pit shell which differs from the 2013 and 2017 
estimates by Mercator that were focused only on underground resource potential. 
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15 MINERAL RESERVE ESTIMATES 
A Mineral Reserve is the economically mineable part of a Measured and/or Indicated Mineral Resource.  
It includes diluting materials and allowances for losses, which may occur when the material is mined or 
extracted and is defined by studies at Pre-feasibility or Feasibility level as appropriate that include 
application of Modifying Factors. 

A Mineral Reserve has not been estimated for the Project as part of this PEA. 
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16 MINING METHODS 

16.1 SUMMARY 
A PEA level mine plan, based on a nominal 575 tpd mining rate and an 800 tpd mill feed rate, has been 
developed for the Goldboro Project based on a combined open pit and underground mine plan.   

The mine planning work for this Project is based on the 3D block model (3DBM) and resource estimate 
prepared by Mercator and described in Section 14.   

This PEA is preliminary in nature.  In addition to the Measured and Indicated resources, the mine plan 
presented in this section includes Inferred mineral resources.  Inferred mineral resources are considered 
too speculative geologically to have the economic considerations applied to them that would enable them 
to be categorized as mineral reserves.  There is no certainty that this PEA will be realized. 

Table 16.1 presents the Potential Mill Feed (PMF) estimated from the combined Open Pit and 
Underground mine plans. 

Table 16.1 Base Case Mine Plan, Potential Mill Feed by Resource Category 

 Unit Open Pit Underground Total 

Total Potential Mill Feed (PMF) rock mined k t 1,076 1,358 2,434 

Gold g/t 2.99 6.83 5.13 

PMF by Resource Category      

Measured Resource k t 421 7 428 

Gold g/t 2.70 4.16 2.72 

Indicated Resource k t 613 734 1,347 

Gold g/t 3.22 7.35 5.47 

Inferred Resource k t 42 617 659 

Gold g/t 2.63 6.27 6.04 

Note:  Numbers may not add exactly due to rounding. 

Table 16.2 presents the combined Life of Mine (LOM) plan estimated from the Open Pit and 
Underground mine plans. 
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Table 16.2 Base Case Life of Mine Plan, Goldboro 
 

Units Total LOM Y -1 Y 1 Y 2 Y 3 Y 4 Y 5 Y 6 Y7 Y8 Y9 

Open Pit Mining             

Material Mined k t 8,951 1,500 4,000 2,426 1,025       

Waste Rock Mined k t 7,875 1,494 3,643 1,928 811       

PMF Rock Mined k t 1,076 6 357 498 214       

LG k t 578 3 195 288 92       

Gold  g/t 1.16 1.02 1.13 1.17 1.19       

HG k t 498 3 162 206 127       

Gold g/t 5.12 3.57 4.31 4.84 6.63       

Underground Mining             

PMF Rock Mined k t 1,358 0 0 74 210 210 210 210 210 210 23 

Gold g/t 6.83 0.00 0.00 7.23 7.35 6.64 9.45 6.00 6.44 5.24 4.32 

Stockpile Rehandle             

PMF Rock Mined k t 705 0 115 0 70 70 70 70 70 70 170 

Gold g/t 2.14 0.00 1.16 0.00 6.63 5.60 1.16 1.16 1.16 1.16 1.16 

Mill Feed Plan             

Mill Feed Tonnes k t 2,434 0 280 280 280 280 280 280 280 280 194 

Head Grade, Gold g/t 5.13 0.00 3.01 5.47 7.17 6.38 7.38 4.79 5.12 4.22 1.54 
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16.2 OPEN PIT MINING METHODS 
Conventional open pit mining methods will be used to extract a portion of the Goldboro Deposit.  This 
method was selected considering the deposit’s size, shape, orientation, and proximity to the surface.  
Drilling, blasting, loading, and hauling will be used to mine the open pit resource material within the PEA 
pit so as to meet the mine production schedule. 

16.2.1 PIT LIMIT ANALYSIS 

Economic mine limits were determined using Geovia’s Whittle™ 4.7 software that uses the 
Lerchs-Grossmann (LG) algorithm.  The LG algorithm progressively identifies economic blocks, taking 
into account waste stripping, that results in a highest possible total value mined within the open pit shell, 
subject to the specified pit slope constraints. 

The Pit Limit Analysis was evaluated on the, West Goldbrook, Boston-Richardson and East Goldbrook 
Systems.  

INPUT PARAMETERS 

A 3D geological block model and other economic and operational variables were used as inputs into the 
LG program.  These variables include overall pit slope angle, mining costs, processing costs, selling 
costs, metal prices, and other variables listed in Table 16.3.  Although these parameters are not 
necessarily final, a reasonable degree of accuracy is required, since the analysis is an iterative process.  
The economic parameters used at the time of the pit optimization do not necessarily conform to those 
stated in the economic model. 

Table 16.3 Pit Optimization Parameters 

Parameter Units Base Case 
Onsite Processing  

Process Production Rate tpd 575 

Mining Dilution % 15 

Mining Recovery % 95 

Overall Slope Angle Degrees 42 

Mining Cost $/tonne mined 5 

UG Mining Cost $/tonne 125 

Processing Cost  
(including additional costs for G&A, shipping, etc.) 

$/tonne processed 30 

Metallurgical Recovery % 93 

Payable Factor % 98 

Metal Prices - Gold $/oz. 1500 

Selling Cost $/oz. 20.94 

Resource  Classifications Used in Optimization  Measured 
Indicated 
Inferred 

Geological Block Model 

The resource geological block model for Goldboro Property was prepared by Mercator.  The block model 
included a partial percent attribute to describe the resource.    
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The block model uses the MTM Zone 4 NAD83 coordinates in the X-Y.  The Z coordinates would be 
considered a local mine grid coordinate system (5000 elevation values).  The pit optimization and design 
was completed using the same coordinate system. 

Overall Slope Angle 

The required geotechnical data was not available at the time of pit limit analysis.  Therefore, an overall pit 
slope angle of 42°, based on conservative estimates from previous experience, was used to represent a 
conservative stable slope to start evaluations.  As geotechnical data become available, pit slopes could 
potentially steepen and improve the mine plan and economic evaluation study. 

Operating Costs 

The operating costs are preliminary and are used for optimization purposes only.  Detailed operating costs 
are developed based on a detailed mine design and plan and discussed in Section 21.  

Metallurgical Recovery 

The preliminary assumptions for the metallurgical recoveries were based on the information from the 
previous studies for the deposit.  

Metal Price 

A selling price of CAN$1,500/oz. gold was used for the pit limit analysis.  At the time of the pit limit 
analysis, as of July 4, 2017, the following average gold prices were observed, based on data from 
Kitco.com: 

— Two-year Trailing Average:  approximately US$1,212/oz. gold; 

— Three-year Trailing Average:  approximately US$1,216 /oz. gold; 

— Twelve-month Trailing Average:  approximately US$1,257/oz. gold; 

— YTD Average Spot Price:  US$1,238/oz. gold; 

— Monthly Average Spot Price (June 2017):  US$1,260/oz. gold; 

— YTD Average US:CAN currency exchange rate: 1US$: 1.34CAN$. 

Cutoff Grade 

To classify the material contained within the open pit limits as material for processing or material for 
waste, the milling cutoff grade is used.  This break-even cutoff grade is calculated to cover the costs of 
processing, general and administrative costs, and selling costs using the economic and technical 
parameters listed in Table 16.3.  Material contained within the pit and above the cutoff grade is classified 
as potential mill feed (PMF), while material below the cutoff grade is classified as waste. 

The cutoff grade has been estimated to be 0.80 g/t gold for the Open Pit Onsite processing scenario. 

Boundary Constraints 

Two boundary constraints were used in the pit limit analysis for the Goldboro Deposit: 

1 A 150 m (X-Y) offset from the centerline of the Natural Gas pipeline easement. 

2 A 15 m (X-Y) offset from the edges of the Gold Brook Lake and Goldbrook. 
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RESULTS 

The optimization process results in a series of nested pit shells, each corresponding to a Revenue Factor 
(RF).  The revenue factor scales the metal price only, and no costs are factored by the RF.  The RF 1 
corresponds to a gold price of $1,500 /oz.  Table 16.4 summarizes the LG nested pit shell results for the 
deposit at a selection of revenue factors. 

Table 16.4 LG Nested Pit Shell Results, Open Pit Onsite Processing Scenario 

Revenue  
Factor 

Total Rock 
(Mt) 

Waste  
(Mt) 

PMF 
(Mt) 

Strip Ratio Gold 
(g/t) 

0.50 1.6 1.5 0.1 14.0 6.34 

0.60 5.5 5.0 0.5 10.0 3.97 

0.70 9.3 8.4 0.9 9.0 3.31 

0.72 9.6 8.6 1.0 8.8 3.24 

0.74 9.6 8.6 1.0 8.7 3.22 

0.76 9.6 8.6 1.0 8.6 3.19 

0.78 9.8 8.8 1.0 8.6 3.17 

0.80 9.9 8.8 1.0 8.5 3.15 

0.82 9.9 8.8 1.0 8.4 3.13 

0.84 10.6 9.5 1.1 8.7 3.12 

0.86 12.1 10.9 1.2 9.0 3.07 

0.90 12.5 11.2 1.3 8.7 2.98 

0.92 12.6 11.3 1.3 8.7 2.96 

0.94 12.6 11.3 1.3 8.6 2.94 

0.96 13.6 12.1 1.4 8.7 2.88 

0.98 14.7 13.2 1.5 8.8 2.83 

1.00 19.3 17.4 1.9 9.4 2.70 

1.20 26.9 24.4 2.4 10.0 2.53 

 

A basic schedule is applied to the nested pit shells to produce a ‘pit-by-pit’ graph.  An objective of the 
pit-by-pit graph is to illustrate the impact of scheduling on the pit shells and to provide guidance on 
selection of an optimum pit shell to use as a guide in the detailed pit design.  The optimum pit limit is 
chosen by estimating the pit size where an incremental increase in pit size does not significantly increase 
the pit resource and where the economic return starts to decline. 

Figure 16.1 illustrates the pit-by-pit graph generated for the deposit for the Base Case.  Three schedules 
are represented: 

1 The Best Case schedule consists of mining out nested Pit Shell 1, the smallest pit, and then mining 
out each subsequent pit shell from the top down, before starting the next pit shell.  This schedule is 
seldom feasible because the pushbacks are usually too narrow.  Its usefulness lies in setting an upper 
limit to the achievable Present Value (PV).   

2 The Worst Case schedule consists of mining each bench completely before starting on the next 
bench.  This schedule’s usefulness lies in setting a lower limit to the Present Value. If, as is 
sometimes the case, worst case and best case schedules differ by only a few percent then, for that pit, 
mining sequence is relatively unimportant from an economic point of view.   
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3 If, as is usually the case, the difference between worst and best case is significant, a more realistic 
mining schedule can be approximated, between the two extremes, by specifying a sequence of pit 
outlines to push back to, this is the Specified Case.  Chosen pushbacks should satisfy mining 
constraints and produce a PV curve that is as close as possible to the best case PV curve.  

Figure 16.1 Pit Optimization Results, Pit-by-Pit Graph, Goldboro Deposit, Base Case 

 
Note:  The Present Value (PV10) shown on Figure 16.1 is used only as a guide in pit shell selection.   
 

The Whittle software program focuses only on the design of open pits.  However, if both underground 
and open pit methods are being considered, as is the case for Goldboro, this can affect the design or 
extents of the open pit, and the Whittle software can take this into account when determining pit size 
limits.  When considering this issue, it is important that, if a particular block can be mined by either 
aboveground methods or underground methods, then the correct value to give it during open pit 
optimization is the difference between its value when mined aboveground and its value when mined 
underground.  The underground mining cost used for the analysis is indicated in Table 16.3. 

Open pits that are designed to maximize the advantage to the company/project are usually smaller than 
pits that are designed to maximize the value of the pit itself, generally due to the increasing stripping 
requirements as pits get deeper.  Table 16.5 summarizes the various pit shell outcomes for the Open Pit 
Onsite processing scenario.  
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Table 16.5 Pit Shell Scenario Comparison, Open Pit Onsite Processing Scenario 

Scenario Revenue  
Factor 

Total Rock 
(mt) 

Total 
Waste 
Rock 
(mt) 

Potential 
Mill Feed 

(mt) 

Strip  
Ratio 

Gold 
Grade 
(g/t) 

Indicative 
Value 
(M$) 

Maximize open pit 1 19.3 17.4 1.9 9.3 2.68 24 

Maximum PV on 
specified case curve 

0.74 9.6 8.5 1.1 7.4 2.88 39 

Pit shell with UG 
constraint 

1 6.5 5.5 1.0 5.7 2.64 -- 

 

Based on the analysis of the optimization results, Anaconda has selected to advance the open pit mine 
design and scheduling using the maximum PV on specified case curve pit shell.   

The impact of the boundary constraints is to have the East Goldbrook and West Goldbrook areas drop out 
of the open pit design.  

16.2.2 ULTIMATE PIT DESIGN 

ASSUMPTIONS 

The detailed mine plans have been designed as an initial review of the potential project economics based 
on preliminary information.  The objective of the design was to follow the outline of the selected pit shell 
while incorporating bench designs, minimum mining widths, and haulage ramps.  Table 16.6 summarizes 
the design assumptions applied.  Optimization of ramp locations, pit exits, and interaction of pit walls 
with historical mine openings should be considered in the next level of Project study. 

Table 16.6 Ultimate Pit Design Assumptions 

Item Unit Assumption 

Truck size - operating width m 3.5 

Haul road width, double lane (includes allowance for ditch and berm) m 15.5 

Haul road width, single lane (includes allowance for ditch and berm) m 12 

Haul road gradient % 10 (inside radius) 

Bench design   

bench slope angle degrees 70 

operating bench height m 6 

ultimate bench height m 18 

berm width m 8.1 

 

The total haul road width including berms and ditches has been estimated at 15.5 m.  This allows for a 
running surface of three times the operating width of the haul truck, as well as allowing for a standard 
safety berm with a height of 0.5times the haul truck tire height (min. 1.0 m), and a ditch for drainage.  
Access to final bench levels has been designed with single-lane access. 

DESIGN 

The ultimate pit design for the Goldboro Deposit area is shown on Figures 16.2 and 16.3; the pit content 
is tabulated in Table 16.7, and Table 16.8 tabulates the pit design dimensions. 
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Figure 16.2 Goldboro Pit Design – Boston-Richardson Pit (plan view) 
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Figure 16.3 Goldboro Pit Design – Boston-Richardson Pit (isometric view) 
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Table 16.7 Ultimate Pit Design Results, Pit Contents, Base Case 

Rock Type Unit Value 

Total material mined k t 8,951 

Total waste rock mined k t 7,875 

Total potential mill feed (PMF) rock mined k t 1,076 

Gold g/t 2.99 

Strip ratio W:PMF 7.3 

PMF by Resource Category   

Measured + Indicated resource k t 1,034 

Gold g/t 3.01 

Inferred resource k t 42 

Gold g/t 2.63 

PMF by Grade Category   

LG PMF (0.80 > gold (g/t) < 2.0) k t 578 

Gold g/t 1.16 

HG PMF (gold (g/t) > 2.0) k t 498 

Gold g/t 5.12 

 
 

Table 16.8 Ultimate Pit Design Results, Pit Dimensions 

Item Unit Boston-
Richardson Pit 

Length m 425 

Width m 290 

Top Elevation m ~5015 

Bottom Elevation M 4898, 4926 

Pit Exit Elevation M 5005 

 

16.2.3 OPEN PIT LIFE-OF-MINE SCHEDULE 

A mine production schedule was developed with the main objective of delivering 800 tonnes per day of 
mineralized material to the processing facility.  Other considerations for the schedule included the 
following. 

— Bringing forward higher value material where possible, that is mining at an elevated cutoff grade, and 
stockpiling low-grade material for later processing. 

— Underground development would require at least two years to be able to start mine operations. 

— Balancing the mill feed tonnes from open pit and low-grade stockpile, with underground operations 
starting in the fourth year of open pit operations. 

The Life of Mine (LOM) schedule is based on the same parameters as described in the pit limit analysis. 
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Given this is a PEA level study, final pit designs for the starter pit or pushbacks were not completed.  For 
the purposes of this Project, the mining would, in general, follow a top-down sequencing approach, 
assuming no formal pushbacks.  Low-grade material (LG) has been defined as material with grades above 
0.80 g/t gold and below 2 g/t gold, while high-grade material (HG) has been defined as material with 
grades above 2 g/t gold.   

Table 16.9 presents a summary of material movement for the open pit LOM schedule. 
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Table 16.9 Open Pit LOM Schedule – Summary of Material Movement, Base Case Scenario 
 

Units Total LOM Y -1 Y 1 Y 2 Y 3 Y 4 Y 5 Y 6 Y7 Y8 Y9 

Open Pit Total Mined  

Material Mined k t 8,951 1,500 4,000 2,426 1,025       

Waste Rock Mined k t 7,875 1,494 3,643 1,928 811       

PMF Rock Mined k t 1,076 6 357 498 214       

LG k t 578 3 195 288 92       

Gold  g/t 1.16 1.02 1.13 1.17 1.19       

HG k t 498 3 162 206 127       

Gold g/t 5.12 3.57 4.31 4.84 6.63       

TOTAL PMF from OP k t 1,076           

Gold g/t 2.99           

Strip ratio W:PMF 7.3 : 1           

Stockpile Balance k t  6 84 372 520 450 380 310 240 170 0 

HG PMF from Pit to ROM k t   162 206 70       

Gold g/t   4.31 4.84 6.63       

Stockpile to ROM k t   118   70 70 70 70 70 170 

Gold g/t   1.22   5.61 1.16 1.16 1.16 1.16 1.16 

Note:  Numbers may not add exactly due to rounding. 
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16.2.4 WASTE ROCK DISPOSAL 

Waste rock generated from the Project will require the development of a waste rock storage area.  The 
dump size requirements for Goldboro are shown in Table 16.10.  The storage capacity has been designed 
to accommodate waste rock generated from the open pit operations as well as from the waste rock hauled 
to surface from the underground operations. 

Waste rock storage areas have been located in close proximity to the mining areas so as to minimize 
waste haulage distances.   

To prepare these areas, topsoil is removed, stockpiled, and seeded for long-term storage and later use 
during reclamation.  Waste rock is then end dumped from the haul trucks forming lifts.  Trucks dump 
near, but at a safe distance from, the edge of the lift.  Lifts will be constructed such that the final waste 
rock storage areas have an overall slope angle that does not require rework at closure, thus reducing 
reclamation costs.  

It has been assumed that the waste rock storage areas are unlined because limited test work on waste rock 
materials to date has demonstrated that the waste rock is substantially net neutralizing with respect to acid 
generation.  (Nolan Davis and Associates, May 1990) 

The proposed mine plan will generate approximately 7.9 million tonnes of waste rock, which includes 
overburden.  Assuming a swell factor of 30%, a volume of 4 million m3 of waste storage is required. 

Table 16.10 Waste Rock Storage Area Design Details 

Design Detail Value Units 

Total overburden to store 0.8 Mm3 

Total waste rock to store 2.3 Mm3 

Swell factor 30 % 

Total waste rock storage volume required 3.0 Mm3 

Haulage ramp width 15 m 

Haulage ramp gradient 6-8 % 

Dump lift height 10 m 

Berm width 6.3 m 

Overall dump reclaimed slope angle 27 degrees 

Overall waste rock storage height (estimated) 70 m 

 

Where possible, waste rock material would be used in road construction, pad construction, and tailings 
embankment, thus reducing the footprint required for the waste rock storage area.  As condemnation 
drilling has not been undertaken, the purpose of illustrating the waste rock storage areas is to demonstrate 
possible spatial extents for the waste rock dump design.  Design footprint for waste rock storage should 
be optimized in next iteration of study to balance among other things, open pit haulage times and 
environmental objectives. 

16.2.5 LOW-GRADE STOCKPILE 

A low-grade stockpile has been considered for the Project to store the open pit low-grade material.  This 
material is above the open pit mill cutoff grade for onsite processing.  The estimated amount of low-grade 
material to stockpile is 578,000 tonnes.  The majority of material is scheduled as mill feed at the end of 
the open pit mine life and is expected to be combined with the underground mill feed as required. 
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16.2.6 PIT WATER HANDLING 

The progressive development of the open pit will result in increasing water infiltration from precipitation 
and groundwater inflows.  As the pit deepens and increases in footprint, it will be necessary to control 
water inflow through the construction of in-pit dewatering systems such as dewatering wells, drainage 
ditches, sumps, pipelines, and pumps.  

An allowance has been included in the open pit capital and operating costs for in-pit dewatering through 
in-pit sumps.  No pit dewatering or hydrogeological test work has yet been completed.  A hydrogeological 
field investigation was initiated at the end of November 2017. 

16.2.7 MINE EQUIPMENT SCHEDULE 

The objective of equipment selection for this level of study is to produce a preliminary estimate of costs, 
and not necessarily to design an optimized equipment fleet.  The major mining equipment selected for the 
Project is summarized in Table 16.11.  The mining equipment was selected to match the mine production 
schedule. 

Table 16.11 Major Mining Equipment, Open Pit, Annual Requirements 

Equipment Example Model / 
Size  

Y-1 Y1 Y2 Y3 Y4 

Haul truck 33 t 2 6 4 4 0 

Loader 3.8 m3 1 1 1 1 0 

Excavator 2.3 m3 1 1 1 1 0 

Primary drill 150 mm 1 1 1 1 0 

Track dozer  2 2 2 2 0 

Grader  1 1 1 1 0 

 

Estimation of Production Hours 

Table 16.12 presents the assumptions used in estimating the annual equipment production hours. 

Table 16.12 Estimated Annual Production Hours 
 

Typical Value 

Calendar days 365 

Calendar hours 24 

Total time (TH) 8,760 

Non-scheduled days  

Holidays 5 

Weather 10 

Non-scheduled hours 360 

Scheduled hours 8,400 

Mechanical availability 85% 

Utilization 92% 

Operation efficiency 80% 

No. of shifts per day 2 

Annual production hours 5,250 
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As the open pit production tonnage decreases in later years, the number of shifts was assumed to be 
reduced. 

— Drilling: 

— Year -1 – one shift; 

— Years 1 to 3 – two shifts. 

— Loading and hauling: 

— Years -1 to 3 – two shifts. 

16.2.8 DRILLING AND BLASTING 

The following assumptions were applied when estimating the drilling and blasting requirements. 

— Drill and blast pattern size: 

— drillhole diameter:  150 mm (6”); 

— bench height:  6 m; 

— 4.5 m x 5.2 m,  0.24 kg/t powder factor; 

— waste rock drilling and blasting was assumed to occur over 12 m. 

— Drill penetration rate of 22 cm/min. 

— Total cycle time of approximately 38 min. 

— Overburden material would not require drilling and blasting. 

— Five percent (5%) allowance for re-drilling. 

During operations, safe working procedures for drilling and blasting when approaching historical 
workings will require development. 

16.2.9 LOADING 

A front-end loader type of excavator was envisioned for the Project for waste handling, one that could be 
interchangeable with pit loading and stockpile loading, as well as match the selected haul truck model.  A 
3.8 m3 bucket capacity was assumed when estimating the loading fleet requirements.  A backhoe type 
excavator was envisioned for the mineralized material handling, as well as for use as a utility excavator.  
A 2.3 m3 bucket capacity was assumed when estimating the loading fleet requirements. 

Loading fleet numbers have been estimated on first principles based on the operating hours required to 
achieve the production schedule, calculated by cycle times and estimates of the equipment’s rated 
capacities and productivities.  The loading unit productivity assumptions are listed in Table 16.13. 
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Table 16.13 Loading Unit Productivity Assumptions 

 Units Value Value 

Bucket capacity m3 3.8 2.3 

Bucket fill factor % 90 90 

Dry density t/bcm 2.7 2.7 

Moisture % 3% 3% 

Swell factor % 40% 40% 

Tonnes/pass wmt 6.9 4.2 

Passes  5 8 

First bucket cycle time s 30 30 

Subsequent bucket cycle time s 35 35 

Truck spot time s 30 30 

Total load time s 3.3 5.1 

Productivity tph 542 355 

 

16.2.10 HAULING 

Haul truck fleet numbers have been estimated on first principles based on the operating hours required to 
achieve the production schedule, calculated cycle times, and estimates of the equipment’s rated capacities 
and productivities.  A limited number of typical haul profiles specific to the detailed pit design were 
estimated.  Haul cycle times were determined using TalPac software.  Table 16.14 shows the average 
annual cycle times estimated for the Project. 

Table 16.14 Average Annual Haul Cycle Times 

Haul Route Unit Y-1 Y1 Y2 Y3 

OP – ROM haul Min  10 13 15 17 

OP– waste haul Min 10 14 16 18 

 

16.2.11 ANCILLARY SERVICE AND SUPPORT EQUIPMENT 

The primary pit operations will be supported by additional equipment including track dozers with ripper 
attachments, road graders, water truck, and maintenance service vehicles. 

16.2.12 PIT OPERATION PERSONNEL 

The personnel estimates are based on the equipment fleet required to achieve the production schedule.  A 
combination of rotation schedules is envisioned.  The majority of operations and maintenance crews were 
assumed to be 24 hours per day, 7 days per week.  The administrative positions are planned as 5 days per 
week.  Where possible, combination of positions and sharing of positions between Open Pit mine area, 
Underground mine area, Mill area, and G&A have been planned for. The personnel estimate has been 
grouped into the following general categories: 

— Mine supervision; 

— Mine operations; and 

— Mine technical services. 
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Table 16.15 tabulates the estimated labour by category for the positions attributed to open pit operations 
only.  Where denoted by “UG”, the position is assumed to be covered by the underground operations.  

Table 16.15 Estimated Open Pit Operations Personnel by Year 

OP Labour Positions Y -1 Y 1 Y 2 Y 3 

OP Mine Supervision     

Pit General Supervisor 1 1 1 1 

Mine crew supervisor 4 4 4 2 

OP mine clerk 1 1 1 1 

OP Mine Operations     

Driller 2 4 4 4 

Blaster 2 2 2 1 

Loader operator 6 8 6 6 

Haul truck operator 8 24 16 16 

Dozer & Grader operator 12 12 12 12 

Support Crew 4 4 4 4 

OP Mine Maintenance 5 5 5 2 

OP Technical Services     
Technical services manager (or Chief Engineer) 1 1 1 UG 

Mine planner  1 1 1 1 

Production engineer  1 1 1 1 

Geologist 1 1 1 UG 

Grade control technician 2 2 2 UG 

Surveyor 2 2 2 2 

Subtotal 53 73 63 53 

 

16.3 UNDERGROUND MINING METHODS 
The Boston-Richardson belt was mined from underground between 1893 and 1912, and mine production 
has been recorded as 414,887 short tons grading 0.132 oz./T (376,383 tonnes grading 4.53 g/t gold) for a 
total production of 54,871 ounces of gold.  It must be noted, however, that the head grade was estimated 
at 6.8 g/t gold, and poor recoveries at the time brought the recovered head grade down to 4.53 g/t gold. 

16.3.1 EXISTING EXCAVATIONS 

The Boston-Richardson mine was in operation between 1893 and 1912.  There was also historical 
development in the East Goldboro mine; both are illustrated in the 3D model on Figure 16.4. 
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Figure 16.4 Historical Goldboro Property Underground Excavations 

 

There is also evidence of underground workings in the West Goldboro but there are no historical records.  
Any previous underground openings would have been backfilled, and they are also located in the 
currently designed permanent West Goldboro crown pillar (see description below) so they should not 
affect future mining. 

16.3.2 GEOTECHNICAL CONSIDERATIONS 

The West Goldboro orebody is located partly under a 75 cm diameter liquid natural gas pipeline and will 
require a permanent crown pillar to provide protection from ground subsidence.  The mine opening size in 
this area will be 3 m or less, which will require a minimum crown pillar thickness of 17 m. 

The East Goldboro orebody, located directly under Gold Brook Lake and a creek, will also require a 
permanent crown pillar.  The nominal stope opening size in this area is approximately 6 m, which will 
require a crown pillar thickness of 67 m. 

The Boston-Richardson pit will require a temporary crown pillar that will be extracted at the end of the 
underground mine life.  In order to maintain a small crown pillar, it was decided to limit the maximum 
stope opening size directly under the open pit to 6 m or less, which will require the use of ore pillars in 
some underground stopes located directly under the pit. 

MINE DESIGN PARAMETERS 

Four different scenarios were analyzed by WSP to determine the minimum crown pillar dimensions for 
different sizes of underground openings.  These scenarios are presented in Table 16.16. 
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Table 16.16 Design Guidelines for Pillar Acceptability / Serviceable Life of Crown Pillar (after Carter) 

Scenario Description FoS Scaled 
Span 

Equation 
(Cs)(=Sc) 

Cs Span 
(m) 

Calculated 
Resultant 
Thickness  

(m) 

D Temporary Crown Pillar -  1.5 2.33Q0.44 4.29 2 0.66 

 to be mined out in near future   4.29 3 1.48 

    4.29 4 2.63 

    4.29 5 4.12 

    4.29 6 5.93 

E Permanent Crown Pillar -  1.8 1.84Q0.44 3.39 2 1.06 

 remains on site at closure   3.39 3 2.38 

    3.39 4 4.23 

    3.39 5 6.61 

    3.39 6 9.51 

F Permanent Crown Pillar -  2.0 1.12Q0.44 2.06 2 2.85 

 with tailings placement above   2.06 3 6.42 

    2.06 4 11.41 

    2.06 5 17.83 

    2.06 6 25.67 

G Permanent Crown Pillar -  >>2.0 0.69Q0.44 1.27 2 7.52 

 under critical infrastructure (pipeline)   1.27 3 16.91 

    1.27 4 30.06 

    1.27 5 46.97 

    1.27 6 67.64 

Notes: 
— Based on RMR of 55 (Q of 4), an in situ value of RMR is recommended to be evaluated for each pillar for future 

design.   

— Assumptions are a stope length of 150 m, S.G. of 2.65, dip of 70 degrees and RMR of 55. 

The maximum lengths of a longhole stope panel for different stope heights are listed in Table 16.17.  The 
rock mass quality index (Q’) was assumed to be 30 in all new development and production areas, which 
entails that longhole stope panel slices can be up to 360 m long before requiring backfill.  The lower Q’ 
index will be required for areas above the historical mine workings which have been inactive for over a 
century.   

Table 16.17 Recommended Stope Sizing for Hanging Wall Stability 

Proposed Longhole Stope Dimensions as Determined by Rock Mass Conditions 

  Q’= 10 Q’=30 

True Height  
(m) 

 
Length 

(m) 
True Height  

(m) 

 
Length 

(m) 

Constraining sublevel intervals at 15 m 22.3 x 37.6 22.3 x 360.0 

Constraining sublevel intervals at 30 m 38.3 x 22.1 38.3 x 46.5 

Constraining sublevel intervals at 30 m 54.3 x 18.9 54.3 x 34.2 
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16.3.3 NARROW VEIN LONGHOLE 

A narrow vein longhole retreat mining method was selected due to the very narrow nature of the majority 
of most underground mineralization in the orebody, and the lower cost and higher productivity of this 
mining method with respect to mechanized cut and fill methods.  A cross-sectional view of the basic stope 
design concept is presented on Figure 16.5. 

Figure 16.5 Narrow Vein Longhole Concept 

 

The general mining process will involve driving 2.7 m wide by 2.7 m high sill drifts down the length of 
the PMF veins along the top and bottom horizons of each 15 m high stope panel, excavating a slot at the 
far extremity and retreat slashing rows of blastholes into the open stope.  

Geotechnical analysis indicates that the maximum stope panel length for a stope height of 15 m will be 
360 m, and since the maximum longhole panel length in the mine is approximately 250 m, all 15 m high 
stope panel slices will be fully mined before requiring backfill.  

PMF material will be mucked from the stopes using 1.5 cubic metre load-haul-dump (LHD) equipment 
and transported to re-muck stations located directly adjacent to truck loading stations on the 4 m wide by 
4 m high stope access ramps.  PMF material will be reloaded into 20-tonne trucks from the production re-
mucks using 3 cubic metre LHDs and hauled to the underground run of mine PMF pad located on surface.    

Areas of wider mineralization found in the anticlines are also amenable to more conventional longhole 
mining methods albeit with the use of permanent pillars, or possibly cemented backfill.  It was assumed 
that all mine backfill would be uncemented underground development and pit waste for this study.   
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The basic design parameters that were used to estimate the narrow vein mining costs are summarized in 
Table 16.18. 

Table 16.18 Narrow Vein Longhole Design Parameters 

Orebody Parameters Quantity Unit 

Average mineralization width (estimated) 1.80 m 

SG PMF 2.64 t/m3 

Stope Parameters Quantity Unit 

Sill width 2.70 m 

Sill height 2.70 m 

Internal sill dilution 0.90 m 

Stope length 30.00 m 

Stope width 2.00 m 

Sublevel spacing 15.00 m 

Stope height 12.30 m 

Sill volume 219 m3 

Sill tonnage - PMF 385 t 

Sill tonnage - waste 192 t 

Sill % dilution 50% 
 

Stope volume 738 m3 

Stope tonnage - PMF 1,753 t 

Stope tonnage - waste 195 t 

Stope % dilution 11% 
 

PMF tonnage - stope + sill 2,138 t 

Waste tonnage - stope + sill 387 t 

% dilution - stope + sill 18% 
 

 

16.3.4 MINE DESIGN 

The block and geological models provided to WSP were modelled using 2 m x 2 m x 2 m resource blocks 
and a cutoff of 0.5 g/t gold which were both ill-suited for narrow vein stope design in an underground 
mine.  In addition, the mineralized material grade values stored in the resource model blocks include 
internal stope dilution that will be incurred with a 2 m minimum mining width, which is the minimum 
width necessary for narrow vein mechanized cut and fill.  WSP did not evaluate the accuracy or validity 
of any of the procedures used to create the block model. 

Potentially economic stoping areas were outlined in mine longitudinal sections by filtering out all blocks 
below cutoff grade and tracing around any remaining contiguous PMF pods.  The resulting 2D surfaces 
were then projected through the block model veins to create 3D ‘cookie cutter’ shapes that were queried 
to determine the tonnes and grade contained in each longhole stoping area.  

A total of 36 stoping area shapes were originally identified to be potentially mineable resources but this 
was based on a mechanized cut and fill cutoff grade. 
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After lowering the cutoff grade for narrow vein longhole mining, six of the stope area shapes were 
combined with adjacent stopes due to the marginal mineralized material between adjacent stope shapes 
becoming economic. 

In addition, six of the stoping area shapes were subsequently removed from the inventory after 
considering the incremental capital expense required to retrieve them. 

A longitudinal view of the mine showing the 24 remaining economic longhole stoping areas is shown on 
Figure 16.6. 

Figure 16.6 Economic Underground Stope Shapes 

 

MODEL DESCRIPTION 

A basic 3D model was created for the major capital mine development and ventilation raises using 
AutoCAD and SurpacTM.  Operating development headings consisting of stope accesses and sill drifts 
were not designed but were estimated from mine plans and longitudinal sections. 

The capital development 3D model is shown on Figure 16.7. 
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Figure 16.7 New Underground Capital Development 

 

UNDERGROUND MINE ACCESS 

Primary underground mine access will be via a portal at surface.  A 5 m wide by 5 m high main access 
ramp will be driven from the portal to the main haulage elevation of 4,890 m where the main mine 
haulage levels will be established.  The main ramp will continue down to the bottom of the presently 
identified stope areas.  

Main haulage drifts will be driven 5 m wide by 5 m high from the main ramp location to the West 
Goldbrook and East Goldbrook stoping areas located on either extremity of the Property.  The main east 
haulage drift will be driven at +3% grade to eliminate water drainage issues, whereas the main west 
haulage will be driven at variable grade to provide access for pit crown pillar recovery at the end of the 
underground mine life. 

A second 4 m wide by 4 m high ventilation / service ramp will be driven from the bottom of the main 
ramp along the bottom extent of the west portion of the mine for ventilation, exploration, dewatering, and 
a secondary mode of egress. 

A total of six 4 m wide by 4 m high access ramps will be driven from the 4,890 main haulage drifts to 
provide access to the individual stoping areas.  These ramps have been spaced approximately 220 m apart 
to reduce lateral development requirements while allowing the use of trucks for material haulage.  

STOPE ACCESS 

Each longhole mining panel will be accessed via a single 3 m wide by 3 m high heading driven from the 
local access ramp to provide end access the longhole stope sill.  They will be spaced 15 vertical metres 
apart in coincidence with the designed stope height.  It was assumed that the stope accesses will average 
30 m in length during scheduling.  

Mining sills in narrow stoping areas will be driven a minimum of 2.7 m wide by 2.7 m high to 
accommodate the selected mining equipment.  PMF sill drifts will be driven with a larger cross-section in 
wider PMF areas, but it was assumed that all drill and extraction headings would be driven at the 
minimum size for this study.  
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LIFE-OF-MINE PLAN DEVELOPMENT SUMMARY 

The underground development schedule during the pre-production period prioritizes accessing the 
production areas east of the main ramp as quickly as possible, along with establishing the permanent 
ventilation and dewatering systems in the upper section of the mine.  

A single capital development crew will drive the main ramp from the portal to 4890 m level at which time 
a second development crew will be added.  Both crews will prioritize completing the main ramp and all 
capital development in the east half of the mine, after which time a single crew will be required. 

Similarly, two operating development crews will be required for three years near the beginning of the 
overall schedule for the mine to achieve sustainable production in a timely manner.  However, only one 
will be required once the operating development can sustain the full mine production rate. 

The life-of-mine underground development summary is shown in Table 16.19. 
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Table 16.19 Life of Mine Underground Development Summary 

Development 
Summary 

    Y -2 Y -1 Y 1 Y 2 Y 3 Y 4 Y 5 Y 6 

Capital 
development 

Waste metres 10,908 metres 2,288 2,088 561 1,220 2,318 1,897 534 - 

  tonnes 552,593 tonnes 147,318 104,539 24,235 71,245 100,138 81,950 23,069 - 

    tpd 421 299 69 204 286 234 66 - 

Operating 
development 

Waste metres 4,022 metres - 283 620 705 462 695 812 450 

  tonnes 97,722 tonnes - 6,877 15,066 17,132 11,227 16,889 19,732 10,935 

    tpd -  20   43   49   32   48   56   31  

 PMF metres 12,954 metres -  660   3,080   1,508   842   1,831   3,381   1,652  

  tonnes 254,974 tonnes -  12,991   60,624   29,682   16,573   36,040   66,548   32,516  

  g/t Au 6.85 g/t Au   7.46   6.90   6.99   13.30   6.86   5.77   5.30  

    tpd -  37   173   85   47   103   190   93  
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16.3.5 PRODUCTION FORECAST 

CURRENT DEVELOPMENT 

There is historical development in the old Boston-Richardson mine but none was used in the new 
development plan.  All new development headings were designed to avoid old mine workings when 
possible, and to completely avoid crossing over any old mining areas to minimize potential ground 
stability issues. 

MINE PRODUCTION RATE 

A soft limit of 575 total tonnes per day was placed on the planned underground production rate in order to 
provide for over five years of mine life for the underground mine.  

The targeted production rate will be primarily met with sill development PMF material supplemented by 
production PMF material until all sill development activities are completed, at which time a minimum of 
four concurrently active longhole stopes will be required to meet the full production target. 

MINE PRODUCTION SCHEDULE 

The overall mine production schedule is shown in Table 16.20. 
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Table 16.20 Life of Mine Underground Production Schedule 
  

Y-2 Y-1 Y1 Y2 Y3 Y4 Y5 Y6 Y7 

Silling TPD - 36  166 81 45 99 182 89  

  Grade -  7.46   6.90   6.99   13.30   6.86   5.77   5.30   

Stopes TPD -  168  409 494 530 477 393 406  67  

  Grade -  7.18   7.53   6.59   9.12   5.83   6.75   5.23   4.32  

All PMF material TPD -  203 575 575 575 575 575 575  67  

  TPY -  74,241   210,074   209,932   210,123   209,990   210,048   209,966   23,450  

  Grade -  7.23   7.35   6.64   9.45   6.00   6.44   5.24   4.32  

  oz. Au -  17,262   49,631   44,845   63,862   40,538   43,463   35,373   3,258  

* based on 365 days 
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16.3.6 UNDERGROUND MINE PLAN 

SCHEDULED MINE PRODUCTIVITIES 

All ramp and drift development was scheduled at 3 total metres per day for priority single headings, and 
5 total metres per day for two or more headings.  

Alimak raise development was scheduled at 3 m per day. 

Longhole narrow vein stope mining activities were scheduled at 150 tonnes per day per active stope, 
which includes time required for backfilling and therefore represents a full mining cycle. 

MINING EQUIPMENT 

All mine operating development, primary stope mucking, and backfilling will use 1.5 cubic metre 
capacity LHD equipment due to spatial limitations in the stope access and sill headings.  Drilling will be 
performed with single-boom miniature jumbos, and ground control will be installed with jackleg and 
stoper drills. 

All capital mine development will use 3.5 cubic metre capacity LHD equipment and 20-tonne haulage trucks.  
Drilling will be performed with twin-boom jumbos, and ground control will be installed with a bolting jumbo.  
A single dedicated ammonium nitrate fuel oil (ANFO) truck will be utilized for capital development blasting 
activities and loading of production upholes.  

Mine services such as air / water / drain lines, power cables, and communication lines will be installed in 
development headings using scissor lifts. 

Mine production drilling will be performed with longhole drilling equipment specifically designed for 
narrow vein mining.  

Other ancillary mobile equipment required for mining, development, and construction activities will 
include a dry shotcreter, boom truck, grader, utility vehicles, sanitation truck, and a personnel carrier. 

The mobile equipment fleet unit requirements over the life of the underground mine are summarized in 
Table 16.21.  Non-whole numbers have been used to account for partial years of operation.    
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Table 16.21 Underground Mobile Equipment Fleet 

  Y -2 Y -1 Y 1 Y 2 Y 3 Y 4 Y 5 Y 6 Y 7 

Development 
         

Jumbo -  2-boom 1.5 2.0 2.0 1.0 1.0 1.0 0.5 
  

Jumbo -  1-boom - 1.3 2.0 2.0 1.0 1.0 1.0 0.5 
 

LHD - 3.0 m3 (4 yd3) 1.5 2.0 2.0 1.0 1.0 1.0 1.0 1.0 
 

Rockbolter 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
  

Jackleg 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
 

Stoper 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
 

Scissor lift 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
 

ANFO loader 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
 

Utility vehicle 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
 

20-tonne truck 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
 

Production 
         

LHD - 1.5 m3 (2 yd3) - 1.0 3.0 3.0 3.0 3.0 3.0 3.0 1.0 

LHD - 3.0 m3 (4 yd3) - - - 1.0 1.0 1.0 1.0 1.0 1.0 

Production drill - 1.0 3.0 3.0 3.0 3.0 3.0 3.0 1.0 

20-tonne truck - - 2.0 2.0 2.0 2.0 2.0 2.0 1.0 

Support - Development and Construction 
        

Personnel carrier 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Scissor lift 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Shotcreter 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Maintenance vehicle 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

Boom truck 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Grader 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Sanitation truck 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Staff vehicles (ENG/GEO/OPS) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

Staff vehicles (ENG/GEO/OPS) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

 
 



 
 
 

 

GOLDBORO PROJECT 
Project No.  171-07669-00_RPT-01_R1 
ANACONDA MINING INC. 

WSP
March 2018

Page 177

UNDERGROUND MINE PERSONNEL 

Underground hourly labour is assumed to be on a 7 day on / 7 day off rotation on two twelve hour 
opposing shifts. A total of 67 Anaconda hourly employees will be required, with an average of 17 being 
on site at any given time. 

Most staff labour is assumed to be on a regular 5-day on / 2-day off per week schedule whereas front line 
supervisors will be on a 7-day on / 7-day off rotation. 

All capital and operating development activities will be performed by contractors.  Approximately 
40 contractor personnel will be required during the underground pre-production period. 

Anaconda underground mine employee requirements at Goldboro are listed in Table 16.22. 

Table 16.22 Anaconda Underground Mine Personnel 

U/G Schedule Year > Y - 2 Y - 1 Y 1 Y 2 Y 3 Y 4 Y 5 Y 6 Y 7 

Staff Operating 16 19 19 19 19 19 19 19 19 

  G&A 6 6 6 6 6 6 6 6 6 

Hourly Capital Contractors 

  Operating 23 35 63 67 67 67 67 67 43 

  Total 45 60 88 92 92 92 92 92 68 

 

16.3.7 MINE SUPPORT SERVICES 

Three portable refuge stations will be located near active areas, and will be relocated if required.  A 
latrine station will be located near each refuge station. 

PMF AND WASTE HANDLING 

Primary stope and sill development PMF will be mucked with 1.5 cubic metre LHDs to ore re-muck / 
truck loading stations located on the sublevel access ramp.  Secondary PMF handling will involve loading 
20 tonne trucks with 3.5 cubic metre LHDs from the PMF contained in the re-muck stations. 

All development waste in the ramps and main haulage ways will be moved to waste re-mucks using 
3.5 cubic metre LHDs, where it will be loaded in to 20-tonne trucks.  

Trucks will preferentially haul all development waste to stope backfill re-mucks, otherwise they will 
travel to surface and dump the waste in a temporary storage area until it is required for backfill.  

MINE PORTAL 

The mine portal will be located on surface.  

VENTILATION 

The mine will be supplied with heated fresh air via a main fresh air raise located in the vicinity of the 
main ramp while exhaust raises will be driven to surface on each end of the mine.  The main mine 
airflows will be split between the east or west sections of the mine as required through the use of plank 
regulators in the main exhaust raise accesses.  

Double airlock ventilation doors will be installed at the mine portal to prevent fresh air from short 
circuiting directly out of the mine.  Ventilation doors will also be installed in the 4890 main haulage ways 
and west access ramps to direct fresh air flows to active mining areas.  
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Development headings and production areas will be supplied with air via auxiliary fans located in nearby 
flow through ventilation headings and ducting to the active faces or stopes. 

A simplified VentsimTM model of the main ventilation system is shown on Figure 16.8. 
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Figure 16.8 VentsimTM Model 
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Design Criteria 

Nova Scotia mining regulations were employed to estimate the total air requirements for the underground 
mine and are based on the diesel power ratings of the mobile equipment fleet.  Peak fresh air requirements 
will be approximately 94 cubic metres per second. 

Two surface fresh air fans and heaters will be installed on surface atop the main fresh air raise to provide 
partial redundancy in the mine ventilation system. 

An escapeway compartment will be installed in the main fresh air raise between 4890 m level and surface 
to provide a second egress for the mine.  Deeper mining areas will not require escape ways due to the 
existence of multiple exit routes to the 4890 escape way. 

COMPRESSED AIR SUPPLY 

The compressed air supply will be located on surface.  Total underground compressed air requirements 
will be 1.4 cubic metres per second at 760 kPa nominal pressure. 

PROCESS WATER SUPPLY 

Process water supply will be shared with the open pit operations.  The peak process water system capacity 
will be 700L per minute. 

POTABLE WATER SUPPLY 

Bottled water will be used for the potable water supply. 

MINE DEWATERING 

The main mine dewatering column will be located off the main ramp, and will consist of staged sumps 
and pumps.  The primary main mine sump will be located at the bottom of the main ramp, whereas a 
secondary main sump and pumps will be located on the 4890 main haulage horizon.  

Centrifugal pumps will be used to pump water to the upper sump via drain lines located in the 
4890 haulage way until the access ramps connect to the lower ventilation / service ramp, at which time all 
waste water will be gravity fed to the main sump.  

Waste water from mining activities east of the main ramp will be gravity collected in the 4890 sumps 
wherever possible, otherwise it will also be gravity fed to the lower sump. 

Hydrogeological data was not available so it was assumed that expected groundwater inflow would 
average 500L per minute. 

The permanent mine dewatering schematic is shown on Figure 16.9. 
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Figure 16.9 Permanent Mine Dewatering Schematic 

 

MINE ELECTRICAL DISTRIBUTION 

The main underground mine electrical substation will be located on surface. 

Two 750 kVA and four 500 kVA portable mine substations will supply power to underground equipment 
and infrastructure. 

DIESEL FUEL SUPPLY AND STORAGE 

The underground diesel fuel supply and storage facilities will be shared with the open pit operations and 
will be located on surface.  

EXPLOSIVE SUPPLY AND STORAGE 

The underground explosives supply and storage facilities will be shared with the open pit operations and 
will be located on surface. 

UNDERGROUND EQUIPMENT MAINTENANCE 

Underground equipment maintenance facilities will be shared with the open pit operations and will be 
located on surface. 

COMMUNICATIONS 

The primary communications system at the underground mine will be a leaky feeder system.  A wired 
telephone system will also located in the main haulage ways and main ramp. 

16.3.8 BACKFILL 

All mine backfill will be uncemented and will consist primarily of waste produced during underground 
development activities.  It will be supplemented by open pit waste material.   
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DESIGN CRITERIA AND ASSUMPTIONS 

The primary design requirement for the uncemented mine backfill is that it provide a solid mucking 
surface in the longhole stopes.  It will also provide passive support to the stope walls.  

PROCESS DESCRIPTION  

Waste rock will be transported from active development headings or surface stockpiles to temporary 
waste re-mucks located on the access ramps and directly adjacent to the sublevel accesses.  Small 
1.5 cubic metre LHDs will be used to move the uncemented backfill to the open stope.  

Geotechnical analysis indicated that there would be no need for rib pillars in any of the narrow vein 
mining areas, therefore backfill will not be placed in stopes until an entire 15 m high longhole panel slice 
has been mined out. 
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17 RECOVERY METHODS 

17.1 INTRODUCTION 
Gold recovery is based on pre-concentrating the Goldboro Deposit on site and using the existing gold 
doré production capabilities at the Pine Cove facility.  The Base Case process option along with three 
Alternative Scenarios were assessed.  The recovery methods for the base case and alternative scenarios 
are summarized as follows. 

Base Case 
New 800 dry tpd gravity-flotation concentrator at Goldboro and ship concentrates to the existing Pine 
Cove processing facility for leaching and recovery of gold, with modifications at Pine Cove for additional 
tailings treatment requirements. 

Alternative Scenario 1 
Same as Base Case, but at a process capacity of 575 dry tpd. 

Alternative Scenario 2 
Same as Base Case for processing (differences are in mining scenario). 

Alternative Scenario 3 
Process rate of 575 dry tpd, initially ship crushed mill feed from the open pit to Pine Cove for processing.  
The retrofit to the existing circuit at Pine Cove will include the addition of a gravity gold recovery circuit 
and tailings treatment as required for the Goldboro feedstock.  Then build a 575 tpd gravity-flotation 
concentrator at Goldboro and ship concentrates to Pine Cove for leaching and recovery of gold. 

Alternative Scenario 4  
Same as Alternative Scenario 1 for processing (differences are in mining scenario). 

When the entire feed (rather than concentrate) is shipped to Pine Cove during Alternative Scenario 3, the 
Pine Cove facility still has additional capacity to treat additional feedstock from the area at 680 dry tpd 
for a total of 1,280 dry tpd.  Similarly, when only concentrates are shipped from Goldboro to Pine Cove 
in all other scenarios, the concentrates enter the process only from cyanide leaching onwards.  Therefore, 
the full capacity of the Pine Cove concentrator at 1,280 dry tpd is available for other feedstock with 
sufficient available residence time in cyanide leaching for the additional Goldboro concentrate.  Only the 
Base Case scenario is described in detail in this section.   

17.2 GOLDBORO MILL PROCESS DESCRIPTION 
An overall process block diagram for the proposed mill at Goldboro is shown on Figure 17.1.  The 
process steps are described in the following sections. 
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Figure 17.1 Goldboro Gravity and Flotation Process Block Diagram 

 

17.2.1 MILL FEED STORAGE AND CRUSHING 

Run-of-mine feedstock from the Goldboro Deposit is stored on an outdoor pad.  It is fed through a 
two-stage crushing plant by front-end loader and the crushed material is conveyed into a fine ore bin.  The 
jaw and cone crusher plant produces a product suitable for single-stage ball milling.  Oversize rock that is 
too large for the crusher is collected and periodically broken down by an excavator-mounted rock breaker.  
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17.2.2 GRINDING 

The crushed mill feed is conveyed to the ball mill where it is ground wet and the ball mill discharge is 
pumped to hydrocyclones for classification. The cyclone overflow is directed to the flotation circuit. 
Cyclone underflow is split with 30% being diverted to the gravity separation circuit and the balance 
returning to the ball mill feed. 

17.2.3 GRAVITY SEPARATION 

The portion of cyclone underflow directed to the gravity separation circuit passes over a vibrating screen 
to remove oversize material, which flows back to the cyclone feed pump.  The screen undersize is fed to a 
semi-batch centrifugal gravity concentrator.  Gravity tailings return to the cyclone feed pump.  The 
gravity concentrate collected is periodically transferred from the concentrator to a settling cone for 
dewatering.  The gravity concentrate is then upgraded in batches by magnetic separation to remove iron 
from grinding media followed by cleaner gravity separation on a table.  The cleaner table tailings, 
containing mostly sulphide minerals with some gold, are recycled to the centrifugal gravity concentrator 
feed.  The upgraded gravity concentrate is dewatered in batches in a filter press and packaged for 
transport to Pine Cove.   

17.2.4 FLOTATION 

The flotation circuit consists of rougher, scavenger, and a single stage of cleaner flotation cells.  The 
flotation is conducted at the natural pH of the slurry, with addition of flotation collectors and frother in 
the rougher conditioning tank.  The collectors are potassium amyl xanthate (PAX) and Aerofloat 208 and 
the frother is MIBC.  

The rougher concentrate is forwarded to the cleaner flotation circuit.  The rougher flotation tailings pass 
through scavenger flotation cells where more collectors are added and additional concentrate is collected 
and directed to the cleaner flotation circuit.  Scavenger flotation tailings proceed to the final tailings pump. 

In the cleaner flotation circuit, the rougher and scavenger flotation concentrates are re-floated to improve 
the concentrate gold grade and remove gangue that had been entrained with the rougher and scavenger 
concentrates.  Cleaner flotation tailings are recycled to the rougher conditioning tank.  

17.2.5 CONCENTRATE DEWATERING AND INTERMEDIATE STORAGE 

Concentrate from the flotation circuit is pumped to the thickener with flocculant addition to promote rapid 
settling of the concentrate solids and clear overflow water.  Variable speed pumps remove thickener 
underflow at a controlled density (percent solids).  Thickener overflow is re-used as process water.  

The thickened concentrate slurry is pumped on a continuous basis into the filter feed tank, where it is 
stored until the next filtration cycle begins.  A fully automatic high-speed filter press is operated on a 
batch basis for dewatering of the concentrate.  The filter cycle includes filling, membrane squeeze for 
further dewatering, and air blow to remove residual filtrate.  The filter press opening and cake discharge 
is automatic followed by automatic filter cloth wash to ensure proper sealing for the next cycle.  The filter 
press provides a filter cake that is dry enough for bulk ocean transport.  The filtered flotation concentrate 
is stored in bulk and loaded into trucks for transportation to Pine Cove. 
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17.2.6 REAGENT SYSTEMS 

POTASSIUM AMYL XANTHATE (PAX) COLLECTOR 

PAX collector is purchased in 1-tonne bulk bags and is mixed with water in batches at a 10% 
concentration.  PAX is dosed from the reagent storage tank to each addition point using diaphragm 
metering pumps.  

AEROFLOAT 208 COLLECTOR 

Aerofloat 208 collector is purchased in 200-litre drums and it is used undiluted.  Drum contents are 
transferred to the Aerofloat 208 storage tank.  The collector reagent dosages for each injection point are 
set and controlled independently using diaphragm metering pumps.  

METHYL ISOBUTYL CARBINOL (MIBC) FROTHER 

MIBC frother is purchased in 200-litre drums and it is used undiluted.  Drum contents are transferred to 
the MIBC reagent storage tank.  The frother reagent dosages for each injection point are set and 
controlled independently using diaphragm metering pumps.  

FLOCCULANT 

Flocculant is used to assist with concentrate dewatering and clarification in the thickener.  The flocculant 
is supplied in dry powder form in 25 kg bags.  It is mixed in water at a concentration of 0.1 wt% and then 
metered to the process using progressive cavity pumps.  

17.2.7 PROCESS WATER 

Process water is reclaimed from the tailings management facility.  After the tailings solids settle to the 
bottom, clear water is pumped back from the tailings management pond to the concentrator.  Process 
water is distributed to the necessary points in the process. 

17.2.8 TAILINGS DISPOSAL 

Based on the proposed tailings management plan, flotation tailings are disposed of by pumping in slurry 
form to a tailings management facility.  The infrastructure associated with the tailings management 
facility is described in Section 18. 

17.3 EXISTING PINE COVE MILL PROCESS DESCRIPTION 
The existing Pine Cove milling facility process block diagram, along with proposed additions to the 
process to accommodate the Goldboro feedstock, is illustrated on Figure 17.2.  The Pine Cove mill 
construction was initiated in July 2007, followed by upgrades including grinding and flotation in 
2009/2010, reaching commercial production in 2010.  The Pine Cove facility includes crushing, grinding, 
flotation, cyanide leaching of flotation concentrates, and gold recovery by filtration and Merrill-Crowe 
precipitation, as described below. 
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Figure 17.2 Pine Cove Gold Recovery Process Block Diagram 
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17.3.1 MILL FEED STORAGE AND CRUSHING 

ROM mill feed from the site stockpile is fed through a two-stage crushing plant by front-end loader.  The 
jaw and cone crusher plant produces a product suitable for single stage ball milling.  Fine crushed 
mineralized material is stored in a covered stockpile equipped with a reclaim feeder. 

17.3.2 GRINDING 

The crushed mill feed is conveyed to the ball mill where it is ground wet, and the ball mill discharge is 
pumped to hydrocyclones for classification.  The cyclone overflow is directed to the flotation circuit at a 
grind size of 80% passing 150 micron.  Cyclone underflow is returned to the ball mill feed. 

17.3.3 FLOTATION AND REGRIND 

The flotation circuit consists of three rougher contact cells, one scavenger staged flotation reactor, and a 
single cleaner contact cell.  The flotation is conducted at the natural pH of the slurry, with addition of 
flotation collectors PAX and Danafloat 233.  The frothers used are MIBC and Quadrafroth H28C.  Final 
flotation tailings are pumped to the tailings management facility without further treatment. 

The flotation concentrate is sent to a thickener with the addition of flocculant where it is increased in 
density before feeding to a regrind mill.  The regrind mill operates in open circuit and achieves a grind 
size of 80% passing 20 micron or finer to better liberate the gold for leaching. 

17.3.4 CYANIDE LEACHING AND FILTERING 

The reground flotation concentrate is leached in a series of four tanks, with the addition of lime, lead 
nitrate, air, and sodium cyanide.  The slurry discharge from the leach circuit is pumped to two drum filters 
for separation of the solids and gold-rich solution with filter cake washing.  The leach residue filter cake 
is re-pulped and pumped to cyanide destruction.  The drum filter pregnant solution is next pumped 
through a clarifier filter to remove residual suspended solids, after which it advances to the Merrill-Crowe 
zinc precipitation circuit. 

17.3.5 MERRILL CROWE AND GOLD REFINING 

The clarified pregnant leach solution is deaerated and fed to the Merrill Crowe tower, where zinc dust is 
added to precipitate the gold from solution.  After the Merrill Crowe tower, the solution containing 
precipitated gold is filtered in a pre-coat filter press to collect the gold precipitate.  The precipitate cake is 
removed from the filter press approximately once every two weeks and sent to refining.  The gold 
precipitate is refined on site in a furnace to produce a doré bar.  The barren filter press filtrate is cyanide-rich 
and is directed to the cyanide destruction process. 

17.3.6 CYANIDE DESTRUCTION 

An Air/SO2 cyanide destruction process is used to treat the cyanide leach drum filter cake and zinc 
precipitation filtrate.  Copper sulphate, sodium metabisulphite, and air are added to convert the weak acid 
dissociable cyanide to cyanate.  Ammonia is also a by-product of the reaction which is allowed to 
naturally degrade in the tailings impoundment without further treatment for ammonia removal. 
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17.3.7 REAGENT SYSTEMS 

Reagent preparation and dosing systems are in place as required at Pine Cove for the following reagents 
used in the process.  Table 17.1 shows reagent usage at Pine Cove. 

Table 17.1 Reagent Usage at Pine Cove 

Reagent Use 

PAX Flotation collector 

Danafloat 233 Flotation collector 

MIBC Flotation frother 

Quadrafroth H28C Flotation frother 

Flocculant Flotation concentrate thickener 

Sodium hydroxide Cyanide solution make-up 

Sodium cyanide Gold leaching 

Lead nitrate Gold leaching and Merrill Crowe 

Hydrated lime Cyanide leach and cyanide destruction 

Hydrogen Peroxide Gold leaching 

Zinc dust Merrill Crowe 

Diatomaceous earth Zinc precipitate filter pre-coat 

Copper sulphate Cyanide destruction (added before filtering) 

Sodium metabisulphite Cyanide destruction 

Borax Gold refining 

Sodium nitrate Gold refining 

Silica Gold refining 

Manganese dioxide Gold refining 

Soda ash Gold refining 

Fluorspar Gold refining 

 

17.3.8 PROCESS WATER 

Process water is reclaimed from the polishing pond, which receives water from the tailings ponds, the 
mine, and precipitation / run-off. 

17.3.9 TAILINGS DISPOSAL 

Flotation and cyanide leach tailings are disposed of by pumping as a slurry to the tailings impoundment 
area.  The infrastructure associated with the tailings management facility is described in Section 18. 
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17.4 GOLDBORO CONCENTRATE INTEGRATION WITH PINE 
COVE PROCESS DESCRIPTION 

To minimize the use of chemical processing unit operations (such as cyanide leaching and 
high-temperature flux refining) at Goldboro, flotation and gravity concentrates produced at Goldboro will 
be transported to Pine Cove for further processing using the existing hydrometallurgical circuit.  A retrofit 
to the existing circuit at Pine Cove for processing of Goldboro concentrates would include the addition of 
the following unit operations.   

FLOTATION CONCENTRATE RE-PULP 

A new bin and feeder for Goldboro flotation concentrate will be installed at Pine Cove.  The concentrate is 
re-pulped at 50% solids and then introduced to the regrind mill feed.  The Goldboro flotation concentrate is 
then processed through the remainder of the gold leaching and gold recovery unit operations. 

REFINING OF GRAVITY CONCENTRATE 

The gravity concentrate that is transported from Goldboro will be processed at Pine Cove by refining in 
the existing furnace.  The same flux recipe as the one used for the zinc precipitate has been assumed.  
Further evaluation will be required to confirm any concentrate upgrading requirements prior to refining, 
the refining reagent requirements, or the optional use of intensive cyanide leaching in place of refining.  

ARSENIC PRECIPITATION REACTORS 

The processing of concentrate feedstock from Goldboro (containing arsenic mineralization) will result in 
the partial leaching of arsenic in cyanide leaching unit operations.  Control of process and final discharge 
water quality will require the addition of arsenic precipitation unit operations.  A new two-stage 
wastewater treatment system will be installed to precipitate arsenic from the tailings water downstream of 
cyanide destruction.  This includes two new agitated wastewater treatment tanks downstream of the 
existing cyanide destruction.  Ferric sulphate and lime are added to precipitate arsenic from solution and 
the resulting slurry is pumped to the tailings impoundment for separation of the tailings solids and 
precipitate from the treated water.  Secondary arsenic precipitation for treatment of the final discharge 
from the polishing pond has not been included at this point but it may be required based on the outcome 
of further testing of the primary arsenic precipitation prior to discharge to the tailings pond and the 
stability of solid phase arsenic in the tailings pond. 

FERRIC SULPHATE REAGENT SYSTEM 

A new reagent system for dosing liquid ferric sulphate solution as-received (undiluted) will be installed, 
including a holding tank and diaphragm metering pumps to deliver the chemical to the new wastewater 
treatment reactor. 

17.5 PRELIMINARY PROCESS DESIGN CRITERIA 
The general design criteria for the new concentrator at Goldboro and the upgrades at the Pine Cove site 
are summarized in Table 17.2. 
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Table 17.2 Design Criteria Overview – New Concentrator at Goldboro 

Parameter Units Value Comments 

Gold head grade dry basis g/tonne 7.0 Used for plant sizing, not revenue 
calculation 

Feed throughput design capacity tonne/d 
(dry) 

800 When running continuously 24 hours 
per day. 

Annual mineralized feed processed dry tonne 270,811  

Concentrator annual availability at 
design capacity 

% 92.7 
 

Total availability over 365 days for 
design purposes. 

Crusher operating hours per day hours 12  

Crusher plant product size mm 12.7 top 
8.5 F80 

Crushed for single stage ball milling 

Ball mill product size micron 110 P80  

Ball mill recirculating load % 300%  

Cyclone underflow split to gravity circuit % 30%  

Rougher flotation batch residence time minutes 8 Based on initial kinetic tests 

Scavenger flotation batch residence time minutes 8 Based on initial kinetic tests 

Cleaner flotation batch residence time minutes 12 To be confirmed with testing 

Overall flotation mass recovery % 5.8% From initial batch testing 

Dewatered flotation concentrate moisture % 8% Based on pressure filtering 

Flotation concentrate annual production dry tonne 13,541  

Gravity concentrate annual production dry tonne 2.73  

Annual flotation tailings at Goldboro dry tonne 257,268  

Annual leach tailings at Pine Cove dry tonne 14,925  

 

17.6 GOLD RECOVERY 
The gold recoveries estimated for the Goldboro Deposit are based on the bench scale testing as described 
in Section 13, plus the typical 97.7% plant recovery achieved at Pine Cove downstream of the cyanide 
leach, as this was not tested in the bench scale program.  Table 17.3 summarizes the step-wise and overall 
gold recoveries for the two process scenarios for the Goldboro feedstock based on the bench scale test 
parameters and METSIMTM mass balance simulation.  The flotation recovery when processing the 
Goldboro Deposit at Pine Cove is lower than the flotation concentrator at Goldboro due to the coarser 
grind size produced by the Pine Cove grinding mill.  The recoveries as listed are based on testing a single 
composite sample and do not account for gold recovery variation with changing gold head grade. 

Table 17.3 Gold Recovery Summary for the Process Options 

Gold Recovery Base Case 
Goldboro Gravity, Float 

and Concentrates to 
Pine Cove 

Alternative Scenario 3 
Entire Mill Feed to 

Pine Cove, add 
Gravity Circuit 

Overall gravity recovery including gold room at 80% 43.2% 43.2% 

Overall flotation, leach and Merrill Crowe recovery 50.4% 49.5% 

Total overall recovery to doré 93.6% 92.7% 

 



 
 
 

 

GOLDBORO PROJECT 
Project No.  171-07669-00_RPT-01_R1 
ANACONDA MINING INC. 

WSP
March 2018

Page 192

17.7 CONCENTRATOR PROCESS CONTROL SYSTEM 
A programmable logic controller (PLC) based process control system with PC-based operator interface 
will be used for the concentrator at Goldboro with a moderate amount of automation for process 
monitoring and control. The existing PLC control system at Pine Cove will be added to and modified to 
accommodate the process changes at that location.  
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18 PROJECT INFRASTRUCTURE 

18.1 INTRODUCTION 
The locations of surface facilities have not been subject to detailed studies.  Site soil and foundation 
studies must be completed to determine the optimum locations for waste rock, tailings disposal, plant site 
location, and other infrastructure.  Optimization of infrastructure siting would be required at the next level 
of study.  The major infrastructure items include the mill facility, tailings storage facility, maintenance 
and warehouse facilities, administration offices, waste rock and mineralized rock stockpiles. 

Figure 18.1 illustrates the preliminary site plan. 
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Figure 18.1 General Site Plan 
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18.2 GENERAL 
The main permanent infrastructures will include area requirements for the manipulation of the 
mineralized material and waste.  These include access, site and hauling roads, mineralized material and 
waste pads. 

Surface infrastructures will include buildings (office, dry, garage, warehouse, fuel storage, explosive 
storage, and gate) as well as the infrastructure for the mine such as main ventilation fans and compressors. 

Water management infrastructure will include fresh a water pumping station, water distribution network, 
dewatering pumps for the mine, settling ponds, and sewage system. 

Electrical systems will include powerline from utility company, main substation, electrical distribution, 
telecommunications and security systems. 

18.3 EXISTING INFRASTRUCTURE 
The only recoverable surface infrastructures on the site are Goldbrook Road (Figure 18.2), the access 
roads to the core shack and explosives storage (Figure 18.3), and the core shack itself.  It was considered 
that all existing roads require partial clearing, minor granular refilling, culverts addition and/or repair, and 
to be leveled with a grader.  

Figure 18.2 Goldbrook Road Looking West showing End of Powerline 
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Figure 18.3 Access Road from Goldbrook Road to the Core Shack showing End of Powerline 

 
 

18.4 ACCESS 
The Goldboro Property is accessible via Goldbrook Road, a gravel covered road approximately 2.5 km 
from Goldboro, Nova Scotia on Route 316, which is a provincial road along the southern shores of Nova 
Scotia.  Access to the Goldboro mine site is shown on Figure 18.4. 
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Figure 18.4 Access to Goldboro Mine Site 

 
 

18.5 ROADS 
The location of the new buildings and infrastructure areas were selected to maximize the use of the 
existing Goldbrook Road and other access roads on the mine site.  Goldbrook Road is the main access 
road and its current layout will intercept the proposed open pit and will therefore have to be realigned and 
offset at least 30 m from the open pit.  Approximately 510 m of Goldbrook Road will require 
deforestation, grating, and granular refilling.  An estimated 1,200 m of site roads will also be required for 
access in and around the mine site.  Stripping work is also included for the existing road, just east of Gold 
Brook Lake, to locate the explosives storage buildings.  Please refer to Mine Site General Arrangement 
Drawing (Figure 18.1). 

18.6 GENERAL SITE WORK 
General site preparation should be planned which includes deforestation, topsoil removal and storage, 
excavation, backfill material, grating, drainage ditches, and finishing surfaces to provide slopes and 
collect surface water.  The general site work covers roads, ore and waste pads, administration building, 
garage / warehouse and other surface infrastructures, as well as the crushing area and process plant area. 
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18.7 ELECTRICAL AND COMMUNICATIONS 

18.7.1 ELECTRICAL POWER SUPPLY AND DISTRIBUTION 

A Nova Scotia Power 69 kV power line is already feeding the site.  A section of this power line will have 
to be relocated for the open pit mine.  The power demand for the site with the underground mine is 
estimated to 7 MVA.  To meet the anticipated electrical power needs of the Project, the installation of a 
single 7.5 MVA (10 MVA with one ventilation stage) electrical transformers (69 to 4.16 kV) feed from 
Nova Scotia Power 69 kV main power line is proposed.  For the actual study, it has been assumed that the 
energy would be available from Nova Scotia Power to meet the mine load in addition of the existing 
infrastructures. 

The transformer will be installed in the main electrical substation and will feed a 4.16 kV switchgear.  
This switchgear will distribute the power to the crusher building, the mill, to the underground distribution 
via the portal and other loads.  Aerial lines on wooden poles will be used to distribute the power to the 
more remote loads such as the explosive storage buildings, the main ventilation fans for underground, and 
to the portal.  The cables to the crusher, to the mill, and to the mine will be buried.   

A single 4.16 kV to 600V transformer is proposed to feed the loads near the electrical main substation.  
This transformer will feed a 600V switchgear and the switchgear will feed the service loads and 
compressors.  The 600 V distribution cables will be buried between the administration building, the 
maintenance shop, and the warehouse.   

18.7.2 COMMUNICATION SYSTEM 

The main network is composed of fibre optic cables connecting the various buildings together.  These 
include the administrative building, the garage, the mill, the gatehouse, the crushing plant, the explosive 
storage area, the blasting cap storage area, the water treatment plant, and pumping stations.  Optical fibre 
cables will be installed on overhead wooden poles where there are electrical power lines, and buried 
where there are no overhead lines. 

The fibre count will remain the same across the network.  That way, every subnetwork will be available 
from all locations.  This will be useful in the future if, for example, a camera is necessary in an area that 
was initially deemed unimportant.   

While it would be possible to reduce the number of fibres, using a non-standard fibre count increases the 
cost.  The network will be as linear as possible, meaning that a location will receive a cable from the 
previous location and send a cable to one other location.  There are some exceptions that cannot be 
avoided at this point, mostly at the pumping stations.  Usually, administrative networks are designed in a 
star configuration, but the site layout makes it difficult to do so without increasing the cost.  One option 
would be to use the spare fibres.  

Each location will include a network cabinet.  This cabinet will include fibre optics patch panels to 
receive the various networks and redistribute them to the next location, Cat6 patch panels for the various 
end users (cameras, phones, computers, etc.), one or more switches depending on the needs at that 
specific location, and an uninterruptible power system (UPS) to maintain the network integrity in case of 
a power failure.  The UPS is particularly important for the security camera and the fire alarm system 
networks.   



 
 
 

 

GOLDBORO PROJECT 
Project No.  171-07669-00_RPT-01_R1 
ANACONDA MINING INC. 

WSP
March 2018

Page 199

The server room in the administrative building will include two servers to handle the files, printers, 
emails, user accounts, etc., and one special server for the voice over IP (VoIP) phone system.  A hardware 
firewall will also be used to protect the network from intrusions.  The workers will mostly communicate 
using the cell phone system or portable radios.  Forty radios and one repeater station are included to cover 
most of the site.   

A total amount of 40 local computer users and coverage for 40 cell phone users are included in this study. 

The internet will be supplied by HiTech, or another locally implanted supplier who can supply the Internet 
services.  It is assumed at this stage that the mine will be connected to the network using microwave towers, 
which is simpler and less expensive than installing fibre along the road.  To complete the network, a new 
microwave emitter will be installed and one tower will be built.  This internet connection will be sufficient 
for voice over IP and general use (emails, browsing, etc.).  However, this is not a dedicated connection and, 
therefore, cannot be used for remote operations of trucks, for example.  This would require a different 
hardware configuration and a different package from the internet service supplier. 

18.8 RUN-OF-MINE AND WASTE PADS 
The run-of-mine (ROM) and waste pads will be prepared with waste material.  The waste material will be 
applied as a 500 mm bottom layer of coarse material (+112 mm), and a 150 mm top layer of finer material 
(-112 mm).  The ROM pads are divided into a low-grade stockpile (LGSP) of approximately 
425,000 tonnes requiring an area of 125 m2 and ROM stockpile of approximately 17,500 tonnes requiring 
an area of 40 m2. 

18.9 GARAGE AND WAREHOUSE BUILDING 
The garage and warehouse will be 20 m x 15 m and will be located in proximity to the office and dry 
building along Goldbrook Road.  The garage will use an area of approximately 13 m x 15 m, and the 
warehouse will use an area of approximately 8 m x 15 m.  A laydown area of approximately 300 m2 will 
be set up behind the garage and warehouse building.  

The garage will include a washing bay and a maintenance bay.  This garage will have minimum 
equipment to perform basic maintenance work.  When more extensive maintenance or repair is required, 
the machinery will be transported to external shops.  

18.10 OFFICE AND DRY BUILDING 
The office and dry building will require an area of approximately 15 m x 18 m, and will be located in 
proximity to the garage along Goldbrook Road.  This building will be built with four prefabricated modules. 

It will contain two modules for the dry and worker locker space, and two modules for offices, mechanical 
room, and a washroom.   

The mine dry includes lockers, baskets, showers, washrooms and all other required services to 
accommodate the open pit and underground miners.  This building will also have space and electrical 
capacity for the battery charging racks and a lamp repair room.   
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18.11 GATE 
The gate will be remotely monitored and operated through camera and automation systems by security 
personnel.  Cameras and automation devices for the gate will be housed in the same insulated 8 x 20 
container as the instruments for the truck scale. 

18.12 TRUCK SCALE 
A truck scale has not been included. 

18.13 FUEL STORAGE AND STATION 
Based on the estimated maximum fuel consumption in Year 2, the fuel station will require two horizontal 
5,000L tanks.   

The mining fuel consumption considers all mining activities that require fuel such as drilling, blasting, 
loading, hauling, dozing, grading support, and maintenance.  

The fuel station will be designed based on NFPA 30 requirements and will consist of two horizontal tanks 
within a containment area, a truck refuelling station, and light and heavy vehicles refuelling distributors. 

Appropriate lighting, grounding, and control panels will be installed for a safe operation. 

18.14 EARTHWORKS 
Most of the surface infrastructure will need earthworks.  The requirements for a specific building are 
estimated with the other construction costs.  However, there are many general areas such as the laydown 
area and parking that were also considered.  The following is a list of these areas, with approximate 
dimensions: 

— Parking (30 m x 30 m); 

— Underground ventilation pad (20 x 30 m); 

— Exhaust raise pad and compressors (20 x 30); 

— Run of mine pad (1,600 m2); 

— Low-grade stockpile (15,625 m2); 

— Waste pad (43,750 m2).  

Whenever it is appropriate, the granular backfilling is considered to be made using waste material from 
the mining operation. 

18.15 FENCE 
There will be a fence installed to control access at site entrance, electrical substation, and explosive 
storage areas. 
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18.16 EXPLOSIVES STORAGE 
The building (40 m2) for the explosive magazine will have a storing capacity of four tonnes.  The building 
will have electrical heating and lighting.  

The cap magazine building will be 20 m2 and will have electrical heating and lighting.  

18.17 WATER MANAGEMENT 

18.17.1 FRESH WATER 

Gold Brook Lake has been identified as a potential fresh water source.  A pumping station and pipeline 
will be installed next to Gold Brook Lake, approximately 100 m from the process plant.  The pumping 
station will be housed in an insulated container and will feed the fresh water storage tank.  Fresh water is 
mostly used as make-up water for the process plant (dilution, reagent preparation, and gland seal water) 
and for clean-up services and washrooms. 

18.17.2 PROCESS WATER 

Most of the process water will be supplied by recycling the water extracted from the dewatering of the 
tailings.  Make-up water from Gold Brook Lake will supplement the recycled water for the process plant 
as needed. 

18.17.3 WATER STORAGE AND DISTRIBUTION LOOP 

The water storage tank will be located in proximity to the process plant.  From there the water will be 
distributed to the process plant, the office and dry, the garage and warehouse, and will have the possibility 
to feed the underground supply pumping station. 

The equipment will be housed in an insulated container. 

Water will be circulated in a loop.  The pipeline will be buried in an approximately 200 m trench. 

18.17.4 POTABLE WATER 

Considering the relatively small number of personnel at the site, it is assumed that potable water will be 
distributed in bottles. 

18.17.5 SEWAGE SYSTEM 

A sewage system, including a 7,500L septic tank and all the required piping and instrumentation, is 
included to serve the garage, warehouse, and office and dry. 

18.17.6 UNDERGROUND WATER SUPPLY 

A pumping station is included to feed the underground mine.  The pumping station will housed in an 
insulated container.  The location of the pumping station is to be determined but it is typically situated 
near the settling ponds. 
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18.17.7 MINE DEWATERING 

The mine water to be pumped from underground to the settling ponds.  Water will be partly re-used in 
underground operation and for other usage. 

18.17.8 MEASURING STATION (FINAL EFFLUENT) 

For the final discharge of the water pond, a measuring station will be housed in the same container as the 
underground supply pumping station. 

18.18 SURFACE INFRASTRUCTURE FOR UNDERGROUND 
MINE 

18.18.1 VENTILATION EQUIPMENT 

Two main fans will be required to feed air to the underground mine from the fresh air raise.  

The installation will be two heavy-duty mine vane axial fans, each driven by a 100 hp electric motor 
pushing the air in the fresh air raise. 

The fans will be installed in parallel and each will have half the flow capacity at maximum pressure.  The 
fans will be horizontally mounted on a concrete slab and connected together.  Inlet cone, silencer, 
dampers, transitions pieces, and flexible connections will be included with each fan.  An electrical room, 
a soft-starter, and a transformer will be installed to drive the mechanical equipment. 

Fresh air will be heated with a propane mine air heater.  Propane will be stored in a tank close to the fans. 

Instrumentation will be installed in the fresh air raise to detect propane leakage, verify the flow of air and 
detect carbon monoxide. 

A manual stench gas system will be installed in the fresh air raise to provide evacuation alarming when 
required for underground mine. 

18.18.2 COMPRESSORS 

A compressed air system will be required to support underground operations.  The system will supply air 
to mining equipment and services.  The system will be installed near the service raise.  An aboveground 
piping system will supply air to the portal.  

Average compressed air consumption will be 1,740 cfm with peak a consumption of 2,900 cfm.  Two 
1,740 cfm compressors, at 350 hp each, are included in this study.  All the equipment will be mounted on 
modular skids to minimize onsite installation costs.  To avoid a water loop, the compressors will be air 
cooled. 
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18.19 TAILINGS STORAGE FACILITY 
Tailings management for the project will consist of an on-land tailings storage facility (TSF).  The mill 
feed identified for the project is 2.4 M tonnes with the waste tailings directed to the TSF.  The TSF will 
contain the tailings solids from the planned mine life and will also provide sufficient containment of 
operational water and stormwater management.  The proposed location of the TSF is shown on 
Figure 18.1.  The location of the TSF was selected based on the location of the existing and planned open 
pit, and proximal to the proposed plant site and considered the location of local water courses.   

Storage capacity requirements and corresponding perimeter embankment heights were developed based 
on the mill feed, identified above, as well as requirements for water management.  Volume of tailings 
solids requiring storage within the TSF was developed based on a preliminary assigned in situ density of 
1.3 t/m3.  The in situ density of the tailings solids will be required to be confirmed and optimized with 
laboratory testing as the Project is advanced.     

The layout of the TSF was established based on the local topography to optimize the embankment 
alignments while providing sufficient storage capacity for tailings solids, operational, and stormwater 
management.  The dam will be constructed in stages to minimize initial capital costs.  Embankment 
staging will consist of the initial starter dam, completed as part of pre-production, with an initial crest 
height at El. 59.0 m with two subsequent embankment raises to the final crest level at El. 67.5 m.  Each 
embankment stage and corresponding crest height will be established to provide sufficient storage 
capacity for tailings solids, operational, and stormwater management.   

Operational water management will consist of water from the plant site used to transport the tailings 
slurry to the TSF as well as annual precipitation.  Stormwater management will consist of containment of 
an Environmental Design Storm (EDS) and to manage the Inflow Design Flood (IDF).  An allowance will 
be provided to contain the volume of water resulting from the EDS within the facility above the 
maximum operating pond level.  An emergency spillway will be established with invert above the pond 
level resulting from the EDS to provide containment.  The emergency overflow spillway will have 
sufficient size to pass the peak flows resulting from the IDF.  The presence of the emergency spillway 
will protect the dam from instability by ensuring that water does not overtop the embankment.  An 
additional freeboard is provided above the peak flow depth in the spillway, during the occurrence of the 
IDF, to prevent water from overtopping the embankments resulting from wave run-up.  The IDF for the 
facility will be established based on the dam classification from the Canadian Dam Association Dam 
Safety Guidelines.  An emergency spillway will be included with each embankment stage.  

The tailings basin area will be lined with a geomembrane to prevent seepage of water from the facility for 
environmental protection.  The basin area will be prepared by clearing of all trees, stripping and grubbing, 
and site grading.  A non-woven geotextile will be placed on the prepared foundation prior to placement of 
the liner to provide a protection layer and prevent damage to the liner.  An underdrainage system will be 
established within the basin area to provide additional drainage for the tailings to increase the in situ settled 
density of the tailings.  This will reduce the storage capacity requirements of the tailings solids.  The 
underdrainage system will consist of a series of finger and collector drains that will collect and direct water 
to a collection point.  The water will be pumped into the TSF and become part of the supernatant pond.   
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The embankment cross-section will consist of zoned earthfill with an upstream low-permeable liner to 
provide containment for water within the TSF for environmental protection.  The liner will be placed on a 
bedding layer consisting of a fine-grained soil and non-woven geotextile to protect the liner from damage 
during installation and operations.  The upstream side of the liner will be covered with a sand layer and 
riprap to protect the liner from potential damage from ice buildup.  The upstream slope will be set at 
minimum 3H:1V to facilitate installation and provide long-term liner stability. Graded filter and transition 
zones will be located adjacent to the liner and bedding layer that will be used to control potential seepage 
flows through the dam and maintain embankment stability by ensuring that the embankment fill does not 
become fully saturated.  The bulk fill for the downstream shell zone, adjacent to the graded 
filter/transition zones, will utilize local borrow material for the starter dam and mine waste rock for the 
subsequent raises once mine waste material becomes available.  The mine waste rock will consist of non 
acid generating (NAG) material.  The downstream slope for the starter dam has been assigned at 3H:1V 
for the subsequent embankment raises at 2H:1V.  The downstream slope design will be confirmed as the 
Project is advanced based on site investigation and assessment of the foundation strength.  

Collection of mine contact water, consisting of run-off from the downstream embankment as well as 
potential seepage through the embankment, will be collected with a perimeter collection ditch for 
additional environmental protection.  Water collected in the ditch will be routed to a temporary holding 
pond located at the southern extent of the TSF.  Water collected in the holding pond will be managed by 
transferring into the TSF with a pump and pipeline system.   

Tailings will be transferred to the TSF via a HDPE pipeline for deposition into the TSF.  Tailings slurry 
from the plant will be pumped to the TSF with the tailings delivery pipeline to a flow control assembly.  
The flow control assembly will be situated on the crest of the dam and will be used to direct tailings slurry 
flows for strategic deposition into the facility.  Tailings deposition will utilize the deposition pipeline 
complete with spigots placed on the crest of the dam.  The flow control assembly and deposition pipeline 
will be raised as part of each embankment stage during the operations.   

A water reclaim system will be established to manage excess water within the TSF.  A water collection 
tower with water reclaim pump will be constructed at the low-point of the TSF.  Excess water will be 
pumped to the plant for use in the processing or to water treatment.  The water return pipeline will consist 
of HDPE and will follow the same route to the plant as the tailings delivery pipeline.   

 




