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Characterization of High Density sludge from Britannia Beach
November 2003

EXECUTIVE SUMMARY

The Britannia Mine in British Columbia was in operation from 1902 to 1974. Acid Rock
Dranage (ARD) from the orphaned mine has been flowing into the receving
environment since long before cdosure in 1974. Rilot scade tests of high densty dudge
(HDS) water trestment were carried out in February — March 2002 on ste. Canadian
Environmenta and Metdlurgicd Inc. (CEMI) conducted the testing on site and produced
high densty metd-hydroxide dudge materid. CANMET Mining and Minerd Sciences
Laboratories (MMSL) in Ottawa, obtained samples of the dudge from these pilot tests to
characterize the materia chemicdly, physicaly and minerdogicaly.

The dudge was made up of both amorphous and crystdline materid. Minerds identified
in the dudge were crygdline ettringite, cacite, gypsum and quartz.

This report outlines the nature of the dudge samples, as received from the pilot tedts,
however tests on fresh dudge may display different characteristics than observed. Age,
preservation and/or storage of the samples are expected to impact dudge characterigtics.

To ascertan the degree of dteration experienced fresh dudge samples could be
characterized againg the results of these samples. By characterizing the nature of dudge
and how it changes over time (and other parameters), future pilot tests could focus more
on how dudge characteristics would suit disposa options.
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INTRODUCTION

The Britannia Mine was a copper operation on the southwest coast of British Columbia
between 1902 and 1974. The mine is located in Britannia Beach, B.C, on Highway 99
between Vancouver and Whidtler, B.C. The mine's concentrator is now the dte of a
mining museum which is open to the public from May to October.

Mining was carried out underground using sublevd caving methods and from a number
of open pits on surface in an area known as Jane Basin. The sublevel caving extended to
aurface 0 that today, the snowmet and precipitation in Jane Bagn, flows into the
underground mine workings where it picks up acid. Almog al the ARD flows out the
4100 Leve portd after inddlation of a plug a the 2200 levd by The Universty of
British Columbia, CERM3 program. The flow from the 4100 Leve is piped to a
submarine discharge in Howe Sound.

When the Britannia Mine ceased operations in 1974, the owners of the property closed
the mine to a sandard that satisfied the regulatory requrements of the time. Today,
reclamation standards have changed and there is a greater expectation on the part of the
public that mine sites will be reclamed to a higher standard.

In 2001, the Province provided indemnification for environmentd lidbilities to the
successor companies of the mine operators, in exchange for $30 million. Using this
money, the BC Ministry of Water, Land, and Air Protection office has begun studying the
remediation of the BritanniaMine Ste.

Canadian Environmentd and Medlurgica Inc. (CEMI) conducted HDS pilot tests on the
Britannia mine water. Samples from these and other trestment runs were characterized
chemicdly, physicaly and minerdogicdly.

METHODOLOGY

The dudge samples characterized in this sudy were generated during pilot scae testing
of the High Dendty Sudge (HDS) process a the Britannia Mine dte in British Columbia
during February - March 2002. Canadian Environmental and Metdlurgica Inc. (CEMI)
of Vancouver carried out the study. Information regarding the trestment conditions under
which each sample was produced can be found in the May 2002 report prepared for the
BC Minigtry of Water, Land and Air Protection, Contract No: CLM02-57 (CEMI, 2002).
However, there are conditions that may affect the results that are more difficult to report
and measure. While the report (CEMI, 2002) clearly documents the process conditions
that produced the dudge the preservetion, storage and handling condition of each sample
post-trestment will affect the dudge properties and may not accurately represent the true
characterigtics shortly after treatment.

High Dendty Sudge (HDS) produced from the pilot scale tests conducted at the
Britannia Beach Mine gte in British Columbia during February and March 2002 were
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obtained from two sources. Samples from Run 4 and Run 9 were shipped to CANMET-
MMSL lab in Ottawa from Golder Associates Ltd. Received were, two (2) one-liter
samples of Run 4 and two (2) one-liter samples of Run 9. Upon inspection, it was noted
that the samples arived as a pate and contained no overlying water thus indicating
patid dehydration of the dudge samples. The effect that this may have on the dudge
Characteridics is unknown and may require further invedtigation. However, investigating
this potentid effect is not the focus of this report. Condderation is given to the
dehydration effect for sdection of samples to undergo detailed andyss. Every atempt
was made to sdect samples that showed the least degree of dehydration to lessen
uncertainty associated with the effect it may have.

In addition to the samples received from Golder Associates Ltd., severd HDS samples
were obtained from CEMI. These samples included HDS dudge from test Runs
2,3,89,10 and 13. Further inspection of these samples indicate that they were mostly
concentrated dudge samples, meaning that most of the overlaying water had been
removed prior to Sorage of the sample. It appeared however, that the samples remained
saturated with water indicated by smdl amount of overlying water. Also received from
CEMI, were three (3) twenty (20)-liter pals of dudge. Identifiers on the pails indicated
two (2) from Run 9 and one (1) from Run 13. Since these “bulk samples’ were estimated
to have 75 — 85% water any concern over dehydration was not an issue.  However, it
should be noted that age and Storage conditions may contribute to differences in dudge
characterigtics.

Sample Selection Rationale

Of the saven (7) samples obtained, three (3) of the samples were sdected for detaled
andyss. The sdection of these samples was based on a combination of factors 1)
samples most representative of the expected conditions of a “full scde€’” HDS treatment
plant including waer chemidry and operating conditions 2) sample integrity, samples
that are consdered least affected from collection and storage procedures over the twelve
(12) month period (i.e. Run 9 and Run 13, pails); and 3) time congraints for andyss.

Based on the above criteria, the decison was made to conduct detailled andysis on Run 4
obtained from Golder Associates Ltd. Run 4 was consdered to be one of the test
predicted to represent conditions expected from a full scde HDS treatment facility. In
addition, Run 9 (bulk sample) obtained from CEMI was chosen to undergo detailed
andyss. Run 9 was dso thought to represent conditions expected in a full scde HDS
treatment facility and considered to be one of the better preserved samples for the 12
month sorage. A find sample (Run 13, bulk sample) was selected, as it appeared to be
well preserved during the 12-month storage period and provided a comparison with the
other samples selected.

Preparation for detailed analysis

Run 9 and 13 were received in 20-liter pails and due to the long storage period, they
required homogenization prior to sub-sampling.  Homogenizetion involved usng a
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lightning mixer with a low sheer impdler a a speed between 500 — 800 rpm for
aoproximately 60 minutes.  Mixing of these samples proved to be chadlenging due to
compaction over the long dorage period, for this reason some manud mixing was
required. Manua mixing was achieved by using a rod to didodge “caked’” dudge from
the bottom that had not been readily suspended with the mixer. Once didodged,
incressed speed of the mixer was sufficient to achieve homogenization. While mixing
ingtitute measurements of pH, ORP and conductivity were obtained. Sub-samples were
collected for percent solids and freeze-drying prior to physcd, chemicd and
minerdogica analyses

Run 4 the paste dudge sample a decison was made not to measure pH, ORP,
conductivity, viscodty and percent solids. It was fdt that the information would not be
accurate with so many unknowns. Table 1 summarizes the samples received and the
andyses completed on each sample.

Table 1. Samplesreceived and the analysis for each.

| Run2 | Run3 | Run4 | Run8 | Run9* | Run10 | Run13*

Physical

Freezedried X X X X X X X
Particlesize X X X X X X X
% Solids X X
Viscosity X X

Chemical *
R x | x | x | x X X

Mineralogy
SEM X X X
XRD X X X

* - 20-liter pall sample
1 — Chemicd andyss (Al, As, Ca, Cd, Co, COg, Cr, Cu, Fe, K, LOI, LOM, Mg, Mn, Na,
Ni, Np, Pb, S, Si, SOq4, Zn)

Freeze-drying

All samples were freeze-dried and further homogenized prior to andyses. Freeze drying
is thought to better ensure the integrity of the sample than other drying methods (Zinck et
d, 1997). After the samples had been freeze-dried they were homogenized further in
powder form, the samples were further divided and submitted for andyss. Including 1 —
2 g paticle 9ze andyss, ~ 1g for XRD, ~ 1g for SEM andyss, 1 —5 g chemicd andyss
while the remainder of sample is archived.

Samplepreparation
Run 2, 3, 8 and 10 were receved in 250 mL glass jas. These samples were
“concentrated s0lids’ that remained saturated but had most of the water removed from

the sample Ore jar from easch of these was sdected a random, freeze-dried,
homogenized as a dry powder and further sub sampled. The freeze—dried sample
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submitted for paticle dze and chemicd andyds, the remainder of the sample was
archived.

Physical M easurements

Run 9 and 13, after ~60 minutes once sufficiently homogenized, inditute measurements
of pH, ORP and conductivity were obtained. In addition while maintaining mixing, three
sub samples were collected to measure percent solids content of the durry. The percent
solids is measured by drying the samples in an oven a 60 degrees Ceasus for 24 hours
and recording the moisture loss of the sample (Zinck, 1993)

Viscosty readings were dso taken on these samples by measuring 1 liter of the durry
and placing it in a cone equipped with a vave a the bottom. The vave is open the time
it takes the sample to empty from the cone is related to the viscosty of the sample. (Aubé
et a, 2002)

Paticle sze measurements were completed using a Horiba LA 920 paticle Sze andyzer.
All seven samples were measured using this instrument.

Chemical analysis

All seven samples were dso andyzed chemicdly for Al, As, Ca, Cd, Co, COg, Cr, Cu,
Fe, K, lossonignition (LOI), loss of moisture (LOM), Mg, Mn, Na, Ni, Na, Pb, S, S,
SOy, Zn. The parameters were measured using an ICP-M S, ICP-IRS and LECO
andyzer.

Mineralogy

Both X-Ray Diffraction (XRD) and Scanning Electron Microscopy (SEM) techniques
were used to determine the mineral compostion of the dudge samples. The SEM used
was equipped with an Energy Dispersion X-Ray (EDX) andyzer.

RESULTS AND DISCUSSION

Physical Characterization

Viscosity
Viscosity of both samples measured Run 9 and Run 13 were between 18 -20 cP.

Particle size analysis

Paticle sze andyss was peformed on dl dudge samples received using a Horiba LA
920 Paticdle Sze Andyzer. Detaled andyds report for each sample is agppended
(Appendix A). In gened, Runs 2, 3, 10 and 13 displayed a bimodd particle sze
digribution, while the didribution for Run 4, 8, and 9 was tri-modd. Table 2
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summarizes the paticle sze median, mode and variance for each of the seven samples
andyzed. Mean particle sze for the samples analyzed ranged from 3.38 — 12.50 um.

In order to examine the particle size digribution in more detail the andyses were grouped
by feed composition. Therefore, a comparison of Run 2,3 and 4 is possible because they
al received feed from the 4100 level porta as reported in the CEMI report.

When compared Run 2 and 3 have amilar digtribution patterns.  However, particles from
Run 3 were samdler than for Run 2. Mean paticle sze for Run 2 and 3 ae 10.51 pm and
8.78 um respectively (Table 2). Possble reasons for this shift in sze between the two
runs may be the process differences noted, such as the increased dudge recycle ratio or
the decrease pH reported on the clarifier overflow. The particle Sze digribution of Run 4
was unique in comparison to the other dudges as it exhibited a tri-moda distribution
pattern.  While the mean particle sze for Run 4 was 1048 um, it is unclear why the
digtribution pattern was different from Run 2 and 3. A possble explanation could be the
increase in retention time aong with the increase in pH set point noted during Run 4.

In contragt, to Run 2, 3 and 4, the dudge produced during Run 8, 9, 10 was produced
from a blended feed. Didribution patterns for Run 8 and 9 are smilar to one another and
appear as tri-moda pattern. As wdl, the mean particle sze of each are close and differ
by only 0.8 um. The same is true for the median, which differ by 0.04 um. The process
difference between Run 8 and 9 was smply the addition of the cadmium spike to Run 9.
This appears that this had little or no effect on the sze of the particle. However, Run 10
diglayed a vey different paticle sze didribution with a shift to a didinct bimoda
digribution. In addition, there is an overd! shift in particle sze with the mean dropping
to 3.38 um. Run 10 dso showed a much narrower digtribution ranging from 0.2 —20 pm,
with two distinct pesks between 0.5 — 1 um and 2 — 10 um. A possible explanation for
this change maybe related to the increased recycle ratio and short run time noted. The
process may not of had enough time to reach equilibrium. Notably the decrease of
paticle sze resulted in an increase of flocculants consumption.  Particle Sze andyss of
Run 13 reveded a bimodd digribution. The mean sze of the particles was 8.33 pm.
Currently there is no information on Run 13 test conditions under which this sample was
produced.
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Table 2: Paticlesze digribution

Sample Median Mean Variance
(Um) (Um) (unm?)
Run 2 411 10.51 335.0
Run 3 3.77 8.778 226.5
Run 4 5.01 10.46 108.7
Run 8 6.41 13.35 335.3
Run 9 6.45 12.50 266.7
Run 10 2.67 3.38 9.03
Run 13 343 8.33 211.4

While, dl the dudges were generated under HDS pilot plant conditions their particle sze
digributions, specificdly mean paticle sze do not consgently agree with published
trends regarding particle size, trestment process conditions and resultant dudge densty.
Figure 1 demondrates that for the most part larger mean diameter [articles are associated
with low-densty dudges while high-dengty dudges tend to have smdler, more uniform
particle size digtributions (Aubé and Zinck, 1999).

Figure 1: Reationship between particle sze and dudge density

Percent Solids

Where possble percent solids were measured on samples received. However, due to
many unknowns percent solid measurements reported in the CEMI report were not
comparable to the measured vaues of the samples received. The measurement of
percent solids content of Run 9 collected during homogenization of the sample is
recorded to be 6.44 % and 15.28 % for Run 13 (Table 3). The low solids content of Run
9 differs from the 15.0% recorded in the CEMI report. This difference draws into
question sample integrity, suggesting samples had been dtered during storage and how
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dudge characteristics may be affected. For Run 13 the percent solids measured on the

bulk sample compare closdly to values reported during pilot plant testing.

Table 3: Percent solids measurements.

Trial 1 Trial 2 Trial 3 Average
(%) (%) (%) (%)
Run 9 6.46 6.46 6.41 6.44
Run 13 15.23 15.22 15.32 15.28

Chemical Characterization

The pH of the samples measured did not vary much between the two runs with Run 9
measuring 10.13 and Run 13 measuring 10.03. As compared to other dudges (Zinck,
1997), the dudge pH was high and suggests some degree of process inefficiency and over
liming. Notably Run 9 reported the highest lime consumption rate.

The conductivity and ORP measurements of Run 9 were 1.97 mS and — 39 mV
respectively and Run 13 measured at 1.7/ mSand—4 mV. .

A complete lig of chemicd andyds of the dudge samples dong with the results

obtained by CANMET lab in February 2003 can be found in Appendix B. Table 4
summarizes the chemicad analyses data obtained from the CEMI report and CANMET
anayses.

Table 4: Chemicd andysis of dudge solid samples

Run 3 Run 4 Run 8 Run 9
CEMI | CEMI | CANMET | CEMI | CANMET | CEMI | CANMET | CEMI | CANMET

Al % 7.9% 6.08 6.44 6.28 32 455 363 46 419
Cd % 0021 | 0021 0.0193 0.019 0.0117 0008 | 0.0064 0.013 0.0135
Cu % 5.3 5.36 4.9 478 268 33 302 364 319
Fe % 256 26 31 251 359 38 395 459 411
Mg % 409 295 331 333 2.33 314 27 308 275
Zn % 451 47 4.35 416 3.29 392 363 4.25 377
S% 315 271 2.92 2.93 491 5.47 5.72 552 6.08
The mgor components in the samples were cdcium, auminum, copper, znc, iron,

magnesum, sulfur, slica and manganese.  The samples andyzed dso contained lower
concentrations of sodium, cadmium, cobdt, chromium, and nickd. Overdl, the anadyss
of the samples showed that the chemical compostion of the dudge remained proportiona
to one another. However, some of the species appear to be more readily affected by
process changes such as the case with Fe and S. Zn as well was affected by process
changes but to alesser degree than the Feand S.

Overdl Run 4 has the lower concentration for most of the mgor components present in
the dudge sample among them were Al , Cu, Mg, Mn, Zn and S. However, this is not
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the case for the Fe and S concentrations, which varied from sample to sample.  The high
LOI and LOM vdues for Run 4 suggest that the sample may not have been completely
dry and the apparent decrease in meta concentrations in the dudge were a result of
dilution.

In most cases, the variation in the dudge compostion is due to process related factors
such as recycle ratio and feed composition. Aubé and Zinck (1999) studied the effect of
various treatment processes and therr impact on dudge characteristicss.  The process
parameters an effect everything from the chemical compostion of the dudge, the dudge
gability, the particle Sze to degree of dudge crysdlinity.

Due to the effects process changes has on the dudge charecteristics. There may be
potentia to produce a dudge that meets certain specifications.  Such as the case from a
gability and dudge management point of view (i.e. objective to produce a sable dense
dudge). Invedigating the potentid for engineering dudge for a specific purpose is
possible and isan areathat is largely overlooked.

Mineralogical Characterization

In generd terms, except for the presence of abundant acicular grains the dudge samples
gopear largdy as an amorphous materid tha is an agglomerdtion of smdler mined
grans. Appendix C presents the detailed minerdogica anadyses and images.

Image 1-1 is a backscatter image of Run 13, the fibrous grans range 1 - 50 ?m. All
samples andyzed were freeze-dried. Run 4, 9 and 13 were “dusted” onto an duminum
stub that contained a double-sided adhesive carbon disk. The sample had been carbon
coated as is required for SEM andyss. The difference in gray scde seen in an image is
an indication of differences in chemica compostion (backscatter electron image (BEI).
However, in this case the difference in gray scae could be due to the uneven surface and
charging from this mounting technique. A more dealed andyss of each sample was
carried out on polished sections prepared to minimize the effect of an uneven surface.

The dudge from Run 4 gppears as loose agglomeraion of fine-grained particles seen in
Image 1-2. Higher magnification of these agglomerated particles (Image 1-3) show that
these agglomerates are made up of cryddline and non-cyddline fine-grained minerds
often less than 20?m in size. The larger agglomerates measure upwards of 700 ?m.  The
chemicd compostion varies throughout the sample with the dements Ca, S, P, Al, S,
Mg, Mn, Zn, Cu, and Fe a different concentrations (Figure 1-1). Larger-grained
minerds are present but tend to be much less common eg. Image 14 and 15 showing
cdcite and gypsum, respectivedly. More often, these larger-grained mineras are hosted
within the larger agglomerate such as the case with the quartz in Image 1-6.

X-ray diffraction anayss identified the presence of ettringite (CasAlx(SO4)3(OH)12
26H,0) XRD diffractogram 1-1. Ettringite is confirmed with EDX andyss and can be
seen as the acicular grains found throughout the sample in Image 1-1. Gypsum, dso
identified by XRD, may account for some of the acicular grains present but EDX andyss
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of individuad grains show the mgority to be comprised of manly Ca, S and Al suggesting
etringite (Figure 1-2). Because the pesk intengty for each of these dements is amilar,
when andyzing each grain it is thought that etringite is most likdy. The evidence from
EDX spectra acquired suggest that ettringite is associated with other elements adsorbed to
the surface of the minera or the andysis is influenced by the background dements close
to the minerd. This would explain the high pesks for Mg, Fe, Cu, Zn, S and Mn seen in
the spectra acquired when comparing Figures 2 to 1-4 and dso why pesk intengties for
these dements vary for each spot andyss acquired. Furthermore the ratio of CaSAl
reman the same suggesting esch gran andyzed in this case ae the same minerd.
However, the change in pesk intengties for the dements Mg, Fe, Cu, Zn, S, axd Mn can
be explaned by ether adsorption or background interferences, as previoudy mentioned.
The andyss of the matrix, Images 1-8 and 1-9, show a Smilar chemidry to the
crydaline ettringite.  However, EDX spectra Figures 15 & 1-6 respectively $ow higher
Ca present than compared to Figures 2 to 1-4. This dong with the lack of crysalinity
of these areas suggests the matrix is something other than ettringite.

Cryddline cdcite identified by XRD is found throughout the sample (Images 12 and 1
4). Cdcite can occur as a dngle pure minerd as in Image 1-4 but more commonly is
hosted in larger agglomerate as seen in Images 1- 2 & 1-9. EDX spectrum Figure :7
shows atypica cacite gpectrum as seen in Image 1-9.

Run 9 (Image 110) shows the sample is comprised predominantly of acicular grains 1 to
50 ?m in length. EDX andyds of these grains shows chemicdly they contain Ca, S, and
Al as seen in spectrum in Fgure 1-8. X-Ray Diffraction andyss identified cryddline
mingrds cddte, gypsum, quartz and aragonite, dong with amorphous minerds (XRD-
Diffractogram 12). Similar to Run 4, this sample has varying amounts of Fe, Cu, Zn, S,
Mn and Mg throughout. In addition to the acicular grains of Image 1-10 it shows the
presence of rounded minerd grains dso. The rounded grains tend to be smdler, often
less than 10 ?m in diangter. EDX andyds in Figure 1-9 of these grains shows they
contain mogtly Ca, as well as minor amounts of other dements such as Al, S, S, Fe, Cu,
Zn, Mn, aad Mg. Also present in both Image 210 and Image 11 are tabular gypsum
grans.

Image 1-12 of Run 9 shows that the sample is actudly a loose agglomeration of smdler
individua grans. SEM/EDX observaions showed tha many of these grains contan
calcium as the mgor component. However, there is not enough information available to
differentiate, which grains are cacite and which are aragonite. However, based on the
XRD information it is thought that cdcite is more abundant in the sample  Quartz, in
both Images 1-:15 & 1-16 produce a strong EDX peak for S (Figure 1-13). Gypsum seen
in Images 1-10 & 1-11 are present as tabular grans. The abundant acicular grans
throughout the sample are believed to be both gypsum and ettringite Smilar to Run 4.
EDX andyss of the sample shows tha individud grains contan many different dements
such as Ca, Mg, Al, S, S, Fe, Cu, Zn and Mn such as the case with Image 1-15 (Figure 1-
14). However, as previoudy mentioned the elements present may be due to background
or adsorption, this would explan the smilarities between Figure 1-14 & 1-15 spectra
While both spectrum have been acquired form a different location, Figure 1-14 from
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imege 1-15 acicular grain and Figure :15 from Image 116 Matrix, both spectra display
gmilar chemidry.

Run 13 X-Ray diffractogram (XRD 1-3) showed cacite, gypsum, quartz and ettringite.
Smilar to Run 4 and 9 this sample is a loose agglomeration of smdler minerd grans
pictured in Image 1-17. EDX andysis confirms the presence of calcite and quartz as
indicated. A higher magnification of the sample (Image 1-18) show rounded grains and
acicular grains throughout the sample. Comparing the EDX andyds between the two
Figures 1- 16 & 1-17 indicates smilar chemistry. However, the pesk intengity for the
different dements varies, suggesting the amount of the particular ement is different.

In eech of the 3 samples andyzed cryddline minerds of etringite, cdcite, gypsum &
quartz are present.  The cryddline minerds are of particular interest from a dability and
disposd point of view. In addition these minerds may be equdly of interest to a
potentid end user. Again it is important to note that engineering HDS dudge for a
particular useislargely an under explored area.

CONCLUSIONS

1. Characterization of the dudge was based on condition of samplesreceived. Any
effective of age, storage and/or preservation techniques of samplesis un-
determined.

2. Compared to other dudges, the dudge pH was high and suggests some degree of
process inefficiency and over liming.

3. Themgor chemicad componentsin the dudge samples were cacium, duminum,
copper, zinc, iron, magnesium, sulfur, silicaand manganese. The samplesdso
contained lower concentrations of sodium, cadmium, cobat, chromium, and
nicke.

4. Except for the presence of abundant acicular grains, the dudge samples appear
largely as an amorphous materid thet is an agglomeration of smaler minerd
grains. This amorphous mass contained most of the metals (Fe, Zn, Cu, Al).

5. Thecrystdline components of the dudge consisted of cacite, gypsum, quartz and

eftringite. These crystaline components occurred as a single pure minera but
more commonly is hosted in larger agglomerate
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RECOMMENDATIONS

1. Fresh dudge samples from HDS pilot plant testing should be compared to the
characterization of these aged dudges to ascertain the degree of dteration
experienced.

2. Optimization of the HDS processes in terms of lime consumption should be
conducted.

3. Changesinthe HDS process should be investigated in terms of producing dudge
favorable for dternative uses (i.e., Supplementary Cementing Materias).

4. Additiond pilot tests should be performed with a greater focus on dudge
characteristics to aid in disposal options.
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APPENDIX A: Detailed Particle Size
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Run 13 Paticle Sze andysis
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Chemical analysis of High Density Sludge (HDS) produced during Pilot Scale ARD treatment in
February 2002 - March 2002 in Britannia Beach, BC, Chemical analysis by CANMET Laboratories in Ottawa, ON

Sample
Run 2
Run 3
Run 4
Run 8
Run 9

Run 10

Run 13

Sample
Run 2
Run 3
Run 4
Run 8
Run 9
Run 10
Run 13

%
Al
ND
6.44
3.2
3.63
4.19
5.17
5.75

%
Mg
ND
3.31
2.33
2.7
2.75
3.11
3.43

%
As
ND

0.004944
0.001899
0.001452
0.004222
0.002319
0.000598

%
Mn
ND

0.769
0.276
0.299
0.333
0.634
0.696

%

Ca
ND
11.4
14.3
16.4
16.1

14
14.2

%

Na
ND
0.04
0.02
0.02
0.02
0.05
0.04

%

Cd
ND
0.0193
0.0117
0.0064
0.0135
0.0158
0.0172

%

Ni
ND
0.0098
0.0076
0.0084
0.0087
0.0077
0.0084

%
Co
ND
0.0136
0.0043
0.0048
0.0052
0.0103
0.113

tonns
Np
ND
311
311
396
nd
382
369

%
CO2
ND
nd
7.78
nd
nd
nd
10.4

%

Pb
ND
<.024
<.024
<.025
<.024
<.025
<.024

%
Cr
ND
0.0018
0.0031
0.0033
0.0034
0.0016
0.0024

%

ND

2.92
4.91
5.72
6.08
3.37
3.43

%
Cu

%
Fe

ND ND N

4.96
2.68
3.02

3.93
4.29

%

3.59
3.95
3.19 411
1.48
1.82

%
K
D

3.1 0.0528

%

Si  SO4
ND ND ND

4.45
1.67
1.9
n/a
3.27
3.71

Whole Rock analysis of HDS from Britannia Beach, BC February 2002 - March

2002

Data Supplied by Environment Canada.

Certificate Sample

Number Name

2V0137PA ClarU/F Feb10/02 23
2V0137PA ClarU/F Feb15/02 11
2V0137PA ClarU/F Feb18/02 11
2V0137PA ClarU/F Mar04/02 23
2V0137PA ClarU/F Mar09/02 23
2V0137PA *DUP ClarU/F Feb10/02 23
2V0137PA *STD 93-1
2V0137PA *STD SY-4
2V0137PA *BLANK

WRA WRA WRA WRA WRA
Si02 Al203 Fe203 CaO MgO
% % % % %
8.89 1235 2.80 17.26 5.45
9.29 1269 4.21 16,55 5.39
7.82 10.93 3.22 16.27 4.90
437 7.79 501 2536 4.76
418 7.71 594 25779 4.55
852 1220 2.66 16.63 5.25
5341 10.17 9.53 15.81 3.57
5328 2231 6.59 853 0.56
<0.01 <0.01 <0.01 <0.01 <0.01
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WRA
K20
%
0.05
0.05
<0.01
<0.01
<0.01
<0.01
2.43
1.77
<0.01

2.9
4.9
5.7
6.1
3.4
3.4

WRA
TiO2
%
0.02
0.02
0.02
0.01
0.01
0.02
0.40
0.32
<0.01

<.037
<.039
<.038
<.039
<.037

%
Zn

4.35
3.29
3.63
3.77
3.61
3.99

WRA
MnO
%
0.93
0.94
0.82
0.39
0.41
0.89
0.29
0.11
<0.01

%

%

LOl LOM
ND ND

30.2
40.1
29.9
27.8
34.6
29.9

WRA
P205
%
0.28
0.37
0.28
0.18
0.18
0.29
0.35
0.15
<0.01

8.2
21.1

54
11.2

Totals %

83.121644

110.1924
84.927352
79.857622
87.858319
90.235098

WRA WRA
Sr LOI
ppm %
460.00 30.23
460.00 29.98
410.00 34.26
480.00 28.82
500.00 27.96
440.00 30.33
400.00 3.67
1270.00 4.56
<10

B-2

WRA
Total
%
78.30
79.52
78.55
76.73
76.78
76.84
99.68
98.31
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Pilot Plant Testing of High Density Sludge Process

Britannia Mine AMD Treatment

January to March 2002

Data Supplied by Environment Canada

Clarifier Underflow Sludge Analysis by ICP-OES

Clar. U/F Clar. U/F Clar. U/F Clar. U/F Clar. U/F
Sample Name:| Feb. 10, 2002 Feb. 15,2002 Feb. 18, 2002 Mar. 4, 2002  Mar. 9, 2002
Run #3 Run #4 Run #4 Run #8 Run #9
Ag ppm 1.6 1.6 1.4 1.0 0.8
Al % 6.36 6.4 5.67 3.95 3.94
As ppm 5 10 10 <5 5
Ba ppm 20 30 20 <10 10
Be ppm 3 3 2.5 2 2
Bi ppm <5 <5 <5 <5 <5
Ca % 11.67 10.91 11.26 14.96 >15
Cd ppm >100 >100 96 38 64
Co ppm 115 117 103 44 44
Cr ppm 11 12 10 21 27
Cu ppm >10000 >10000 >10000 >10000 >10000
Fe % 2.08 3.04 2.44 3.59 4.25
K % 0.01 0.01 0.01 0.01 0.01
Mg % 3.39 3.29 3.1 2.87 2.79
Mn ppm 6720 6705 6070 2760 2925
Mo ppm <2 <2 <2 <2 <2
Na % 0.01 0.01 0.01 0.01 0.01
Ni ppm 94 96 85 79 90
P ppm 5690 6000 5330 3500 3750
Pb ppm 134 112 96 52 52
Sb ppm 15 10 10 10 10
Sc ppm 5 5 4 2 2
Sn ppm <10 <10 <10 <10 <10
Sr ppm 540 530 491 543 553
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Ti % 0.0 0.01 0.01 <0.01 <0.01
\Y ppm 14 16 14 22 24
w ppm 820 840 760 710 760
Y ppm 120 121 107 42 43
Zn ppm >10000 >10000 >10000 >10000 >10000
zr ppm 2 3 2 3 3
Pilot Plant Testing of High Density Sludge Process
Britannia Mine AMD Treatment
January to March 2002
Data Supplied by Environment Canada
Clarifier Underflow Sludge Analysis by AA Assay
Clar. U/F Clar. U/F Clar. U/F Clar. U/F Clar. U/F Clar. U/F
Sample Name:| Feb. 10, 2002 | Feb. 15,2002 | Feb. 18, 2002 | Mar. 4, 2002 | Mar. 9, 2002 | Feb. 10, 2002
Run #3 Run #4 Run #4 Run #8 Run #9 Run #3-Duplicate
Al % 7.96 6.08 6.28 4.55 4.60 7.17
Cd % 0.021 0.021 0.019 0.008 0.013 0.021]
Cu % 5.30 5.36 4.78 3.30 3.64 5.32)
Fe % 2.56 2.60 2.51 3.80 4.59 2.14
Mg % 4.09 2.95 3.33 3.14 3.08 3.68
Zn % 4.51 4.70 4.16 3.92 4.25 4.48
S % 3.15 2.71 2.93 5.47 5.52 3.13
27.59 24.42 24.01 24.19 25.69 25.94

Note: S% is sulfur total as sulfate
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Run 4 Data
Table B-1: Feed data; overflow data and solids datafor Run 4
Feed Out-over qudity Sudgeandyss  Sudge andyss
(page 11- (Table3.3- (Table3.7 - (CANMET)
CEMI) CEMI) CEMI)
Feb 18/02 Feb 27/03
pH 3.9-44 9.5
Retentiontime 58 min 58 min
Al 22 mg/L 0.45 mg/L 6.28 % 32%
Cu 19 mg/L <0.005 mg/L 478 % 2.68 %
Fe 0.3mg/lL N/A 251 % 3.59 %
Mg 53 mg/L N/A 3.33% 2.33%
Mn 3mg/lL 0.104 mg/L N/A 0.28 %
Zn 16 mg/L 0.016 mg/L 4,16 % 3.29%
Cd 0.019 % 0.0117 %
S 3.15% 491 %
Run 9 Data
Table B-2: Feed data; overflow data and solids datafor Run 9
Feed Out-over qudity Sludgeandyss  Sudge andysis
(page 14- (Table3.4- (Table3.7 — (CANMET)
CEMI) CEMI) CEMI)
Mar 9/02 Feb/03
pH 2.4 9.5 10.13~*
Conductivity 197 mS*
ORP -39*
% Solids 15.0 % 6.4433 *
Retetiontime 56 min 56 min
Al 45 mg/L 0.52 mg/L 4.6 % 4.19%
Cu 40 mg/L 0.025 mg/L 3.64 % 3.19%
Fe 47 mg/L N/A 4.59 % 411 %
Mg 110 mg/L N/A 3.08 % 2.75 %
Mn ND 0.109 mg/L N/A 0.33%
Zn 47 mg/L 0.046 mg/L 4.25 % 377%
Cd 0.31 mg/L <0.002 0.013 % 0.0135 %
S 5.52 % 6.08 %
*- Measurement obtained on durry
N/A —Not avalable
ND — Not detected
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Table B-3: Feed data; overflow data and solids data for Run 13

November 2003

Feed Out-over qudity Sudgeandyss  Sudge andysis
(page 14- (Table3.4- (Table3.7 - (CANMET)
CEMI) CEMI) CEMI)

Feb/03
pH 5.3 9.5 N/A 10.03 *
Conductivity N/A 1.77 mS*
ORP N/A -4%
% Solids N/A 15.2806 *
Retention time 56 min 56 min
Al 22 mg/L 0.55 mg/L N/A 5.75 %
Cu 19 mg/L 0.017 mg/L N/A 4.29 %
Fe 0.3 mg/L N/A N/A 1.82%
Mg 53 mg/L N/A N/A 3.43%
Mn 3mglL 0.306 mg/L N/A 0.7 %
Zn 16 mg/L 0.026 mg/L N/A 3.99 %
Cd N/A 0.0172 %
S N/A 3.43 %
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APPENDIX C: Detailed Mineralogical Analyses
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Image 1- 1. Backscatter image of Run 13

fine=graif « i
particles logsely -+
agylomerated " -

Image 1-2: BEI image of Run 4 showing loose agglomeration of fine minerd grains.
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Image 1-4 : Run 4 BEI showing pure cacite grain
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Image 1-6: Run 4 BEI showing large quartz crystal hosted within larger agglomerate
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Figure 1-1: EDX spectrum showing typical composition of sample: the dements Ca,
S P, S, Mg, Mn, Zn, Cu, and Fe are identified.
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XRD 1-1: Run 4 X-ray diffraction spectrum, with the mineras ettringite, calcite, and
gypsum identified

Cas

/

S

Background

- P

Figure 1-2: Ettringite with Fe, Cu, Mn, & Zn from background. Note the ratio of
Ca S Al isgmilar to Figure 1-3 & 1-4 bdow (image 1-7)
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Ettringite
CasAl2(SO04)3(0OH)12 —26 H:0

/ -
Ss

A/AI2
/ A% Background

Figure 1- 3: CaS.Al with background Fe, Cu, Zn and Mn (Image 1-3)

Cas

/

Sz Background Fe,
Cu, Zn

Al

Figure 1-4: Ca: S: Al ratio milar to Figure 1-2 & 1-3. Background elements Fe,
Cu and Zn differ between samples. (Image 1-3)
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Image 1- 7 : BEI of Run 4 showing acicular and rnded minerd grains. Indicated
Isthe EDX spot analysis location.

Image 1- 8: Typica appearance of the matrix. Indlcated isthe EDX spot analysis
location.

CANMET-MMSL Report INT-03-07: Final version C-8



Characterization of High Density sludge from Britannia Beach
November 2003

Figure 1-5: EDX spectrum from Image 1-8 illugtrating chemica compaosition of
metrix

: -
Figure 1-6 EDX

Yy 4 ’ -
g -w spectraof matrix
- i

Image 1-9 : Calcite as part of agglomerate. EDX spot analysisfor Figure 1-6 & 1-7
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Figure 1-6: Spectrum from Image 1-9 showing chemical composition of the matrix

Figure 1-7: EDX spectrum of cdcitein Image 1-9
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Imagel 10 BEI Run95howmgthepreence0f acicular grans rounded miner.
grains and tabular minerd gains.

FIGURE 1-8: EDX SPECTRUM SHOWING COMPOSITION OF ACICULAR
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XRD 1-2: Run 9 X- Ray diffractogram. Calcite, gypsum, quartz and aragonite are
identified.

A_m L

Image 1-11: Rounded mlnerd gransand aacular grains, aso visble tabular gypsum
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Figure 1-9: Spectrum of rounded minerds, Image 1-11

Figure 1-10: Spectrum of acicular grains, Image 1-11

CANMET-MMSL Report INT-03-07: Final version C-13



Characterization of High Density sludge from Britannia Beach
November 2003

1 88 K- m azZalil 8

»

CANMET-MMSL Report INT-03-07: Final version C-14



Characterization of High Density sludge from Britannia Beach
November 2003

EDX analysis
gure1-12

Image 1-15: Run 9 quartz (Figure 1-13)
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Fgure 1-11: Spot andyssfrom Image 1-14

Figure 1-12: EDX spot andyss shownin Image 1-15
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Image 1-16 : Run 9 shows quartz present in sample

Figure 1-13: EDX spectrum of the quartz pictured in Images 1-15 & 1-16
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Figure 1-14: EDX spot andyss Image 1-15

Figure 1-15: EDX spot andyss Image 1-16
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168 v m
" P
Image 1-17: Run 13 loose agglomeration of smdler mi nerd grns
cdcite and quartz grains

- - p e
Image 1-18: Acicular gains and rounded grains. Also indicated are locations of
Figure1-16 & 1-17 EDX spot andyss.
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Figure 1-16: EDX spectrum of acicular gain shown in Image 1-18

Figure 1-17: EDX spectrum of rounded grain shown in Image 1-18
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XRD 1-3: Run 13 diffractograr
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