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EXECUTIVE SUMMARY

This report provides a compilation and interpretation of data provided by Kinross Gold
Corporation from two field columns at the Ulu Mine Project site. The report also compares
the field test results with the conclusions presented in the Klohn-Crippen Consultants Lid.
(Klohn) reported entitled “Ulu Project — Kintetic Testing of Sulphide-Rich Material from Ulu”
dated April 1998, which considered early results from the two field columns as well as results
from a series of laboratory kinetic tests conducted on coarse ore, fine ore (to simulate
tailings) and waste rock.

The key findings, and implication for ore and waste rock management, are as follows:

Klohn's NPR threshold values to avoid acidic drainage of 3 and 7 for 22°C and 4 °C
respectively, calculated from humidity cell results on high-sulphide samples of coarse
ore, fine ore (simulated tailings), and waste rock, are considered conservative due to
the relatively large volumes of water used in a humidity cell test as compared to field
conditions. Lag times before the onset of acidic conditions associated with these
thresholds are likely to be in the order of decades.

Results from the field columns tests conducted on coarse ore samples suggest that
threshold NPRs to avoid acidic drainage may be as low as 1.3 and 2.0. The reduced
threshold NPR values (as compared to the humidity cell test results) are attributed to
the reduced NP depletion rate, as a resuli of lower flushing volumes and frequency
under field conditions, However, these field column NPR threshold values should be
viewed with caution as all oxidation products may not be released as they are
produced, and the sulphate release rates may continue to increase as products build
up and become available for release on subsequent flush events. Confirmation and
use of these lower threshold NPR values would require continued test work (allowing
for stabilization of oxidation rates), or dismantling and analysis of field columns.

High arsenic concentrations, and elevated zinc concentrations are anticipated from
ore located in the active layer on site at neutral pH. These arsenic concentrations
may be of concern as they occasionally exceeded the federal Metal Mining Effiuent
Regulations maximum allowable values, particularly in the later stages of the S year
test.

Given that ore stockpiles are anticipated to be milled guickly, and are not likely to be
stored for more than one year before fransport to an offsite mill, the predicted arsenic
and zinc concentrations and the predicted delay untiti the onset of acidic conditions
are unlikely to result in significant adverse affects on the environment.

Minimal metal leaching from waste rock was anticipated by Klohn (1996) based on
the geological model (which suggests low levels of mineralization in the waste rock)
and the lack of a metal [eaching problem associated with the single, high sulphide

Mehling Environmental Management Inc. ’ ii
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waste rock kinetic test sample. However, the limited metal database for waste rock
samples precludes a quantitative assessment of metal content in waste materials at
this time. Greater clarity of the potential quantity of waste rock that might contain
elevated metal levels may be determined by review of the 7305 ICP’s referred fo the
BHP geology report {1993).

Any waste material that contains arsenic, such as waste rock adjacent to the ore, may
have a potential to leach arsenic at elevated concentrations at neutral pH, and should
be assessed and/or managed accordingly. Zinc may also be a potential metal
leaching concern if present in waste materials in similar quantities and form as the
tested coarse and fine ore samples.

Should acidic conditions eventually develop, leaching of other metals may occur. For
example, copper values in the waste rock are noted as being slightly more elevated
than ore samples.

Under field conditions, a threshold NFR of 3 is considered a reasonably conservative
means of classifying PAG waste materials to avoid the onset of acid generation.
From the existing database, this appears to be consistent with a total sulphur cutoff of
0.2%.

Based on the ABA database compiled to date, and a threshold NPR of 3 for
separating PAG and NPAG material, gabbro and diabase material for the most part
are likely to be NPAG, greywacke may be PAG or NPAG depending on the sulphur
content, mafic volcanics are likely to be PAG, basalt material is highly variable but
generally PAG and all ore and altered material are PAG. Note that the database is
dominated by surface samples, and deeper materials may not maintain the indicated
trends. Alsc note that the samples may have been biased to those containing visible
sulphides.

The onset of acidic conditions, and/or predicted metal leaching, may not necessarily
result in significant adverse affects on the environment. Impact assessments are
required to assess potential impacts, and typically take into account the mass of
material maintained in a frozen state, volume and grainsize of the stockpiled material,
site temperatures, the tendency for water to flow through channels and bypass many
of the rock surfaces potentially holding stored oxidation products, and the volume of
runoff and leachate that may contact the stockpile materials. MEMI recommends that
impact assessments for specific site conditions be conducted to quantitatively define
potential impacts from waste rock storage.

Mehling Environmental Management Inc, Tit
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LIMITATIONS OF REPORT

Mehling Environmental Management Inc. {(MEMI) prepared this report for the account of
Wolfden Resources Inc. (Wolfden). The material in it reflects the judgement of MEMI staff in
light of the information available to MEMI at the time of draft report preparation in January
2003. Any use which a Third Party makes of this report, or any reliance on decisions to be
based on it, is the responsibility of such Third Parties. MEMI accepts no responsibility for
damages, if any suffered by any Third Party as a result of decisions made or actions based
on this report.

As mutual protection to our client, the public, and ourselves, all reports and drawings are
submitted for the confidential information of Wolfden. The authorization for use and/or
publication of data, statements, conclusions or abstracts from or regarding our reports and
drawings is reserved pending written approval by Wolfden and MEMIL.

Mehling Environmental Management Inc. vi
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1.0 INTRODUCTION

Mehling Environmental Management [nc. (MEMI) was originally retained by Kinross Gold
Corporation {Kinross), formerly Echo Bay Mines Ltd. (Echo Bay), to summarize the field
column test work for the Ulu Mine Project and compare the field test work with the
cenclusions presented in the Klohn-Crippen Consultants Ltd. (Klohn) report entitled “Ulu
Project — Kinetic Testing of Sulphide-Rich Material from Ulu” dated April 1998. The 1998
Klohn report considered early results from the same two field columns, as well as results
from a series of laboratory kinetic tests conducted on coarse ore, fine ore (fo simulate
tailings) and waste rock. A draft report was produced on January 13, 2004, but was not
finalized.

At the request of BGC Engineering Inc., Calgary, Alberta, the draft report has been
reviewed and finalized for the new site owner, Wolfden Resources Inc. No new data has
been added, and no new analyses have been conducted, although editing suggestions
have been incarporated for improved clarity.

The scope of work for this project included:

o A review of reports, data and study information related to Acid Rock
Drainage/Metal Leaching (ARD/ML) as provided by Kinross, including site
geology, rock types, rock characteristics and kinetic tests;

o Compilation and interpretation of data from two field columns collected and
provided by Kinross. The interpretation was 1o focus on comparison of field leach
rates to sulphate production and neutralization depletion rates estimated in the
preliminary assessment undertaken by Klohn-Crippen Consultants Ltd. (Klohn);
and,

o Completion of a column test report, including discussion of potential implications
for mine waste management.

Specific reports provided by Kinross and reviewed for acid base accounting (ABA) dafa
and kinetic test results were:

e “Ulu Project, Northwest Territories, Environmental Overview" prepared for BHP
Minerals Ltd. of Vancouver, B.C. by Rescan Environmental Services Ltd.
(Rescan) of Vancouvet, B.C., dated December 1991;

e “Ulu Project, Preliminary Assessment of Acid Rock Drainage Potential” prepared
for Echo Bay Mines Ltd. — Lupin Operation (EBM-Lupin), by Klchn-Crippen
Consultants Ltd. (Klohn} of Calgary, Alberta, dated October 1996; and,

» “Ulu Project, Kinetic Testing of Sulfide-Rich Material from Ulu” prepared for Echo
Bay Mines Ltd., by Klohn, dated April 1998. :

Mehling Environmental Management Inc. 1
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2.0 BACKGROUND
The following project description was taken from Klohn, 1998:

2.1

“The Ulu property is located 45 km north of the Arctic Circle and 135 km north of the
Lupin Mine in the Mackenzie Mining District, Northwest Territories. Echo Bay Mines
— Lupin Operation acquired the property from BHP Minerals Canada Ltd. in 1995,
intending to develop it to provide core for milling at the Lupin Mine. The tentative
mine plan involves stockpiling ore materfals at the Ulu site year-round and
transporting them to the Lupin Mine when winter roads are operational. Waste rock
excavated to reach the orebody is used for construction of ore pads for temporary
ore storage and camp pads at the Ulu site.”

Deposit Geology and Mineralogy

The following geological description is from Klohn, 1996:

“The Ulu deposit is an Archean epigenetic lode-gold occurrence located within the
High Lake greenstone belt of the north-central Slave Province. Pillowed fo massive
mafic volcanic rocks and co-magmatic gabbro sills are interlayered with greywacke-
mudstone turbidite sequences that form a tight north-trending anticline bound on all
sides by late Archean granite. Mineralization is hosted in discordant quartz veins
concentrated along the axial trace of the anticline. Regional metamorphism to the
lower amphibolite facies has converted the sedimentary package largely to biotite
schist. Mafic metavolcanic and metagabbro rocks proximal to mineralization are
similar in mineralogy and bulk chemistry and are classified as sub-alkaline, high-iron
tholeiites (Carpenter, 1994). Gold mineralization is commonly hosted in
metavolcanics (e.g., the Flood Zone), less commonly in metagabbro (e.g., the Gnu
Zone) and rarely within metasediments (e.g. the Sediment Core Zone).

In the Flood Zone, where most recent work has been focused and where initial
mining development will probably commence, the ore mineralization is associated
with pervasive silicification and feldspar alteration. Gold occurs adjacent to acicular
arsenopyrite in the silica-feldspar altered mafic metavolcanic wallrock and breccia.
Pyrrhotite ocours as late anhedral grains that may be found vein-forming and cross-
cutting the arsenopyrite-gold mineralization. Pyrite with or without frace amounts of
chalcopyrite occurs in late quartz stockwork selvage and fractures. Marcasite,
goethite and limonite are present as late weathering products. The hangingwall
metavolcanic show retrograde metamorphism and propylitic alteration characterized
by actinolite, epidote and minor chlorite, quartz and sericite. Late quartz-actinolite-
carbonate veins are occasionally found overprinting the metamorphic assemblages.
The footwall rocks exhibit pervasive biotite and albite alteration with quartz, epidote
and chlorite as minor constituents.”

Mehling Environmental Management [nc.

December 29, 2004
Project No. 035-001-01
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3.0 PREVIOUS ARD ASSESSMENTS
3.1 Static Test Results (Kiochn, 1996)

Klohn (1996) reviewed previously available data and furnished new field observations
and an interpretation of static test data, incorporating acid-base accounting (ABA) test
results from a new suite of 32 samples collected by Klohn staff and Echo Bay geolcgists.
Conclusions and recommendation for further work were made based on a synthesis of
all acquired data.

The ABA testwork conducted prior to Klohn’s participation consisted of

» 1990 testing performed as part of the environmental overview by Rescan (1991),
which attempted “...to characterize the ARD potential of the various lithologies
occurring in the Ulu property through the analysis of 15 samples”; and,

e 14 samples analyzed in 1992 by BHP Minerals (1993), which °...specifically
addressed the ARD characteristics of the ore material and rocks in the hanging
wall exposed in a trench in the NW Flood Zone.”

ABA methods used in these studies were not specified in Klohn (1996), or in the
referenced reports.

Klohn {1996) noted the following conclusions from the previous work:

“...the ore material is potentially acid-generating while most barren rocks are not.
Rocks in the contact zones with ore mineralization generally have a lower NP/AP
[Neutralization Potential/Acid Potential] ratio. The sulfide centent appears to be the
primary factor determining whether or not the ratio is {o fall below the safety
threshold values recommended by the regulatory agencies (NP/AP = 3/1 according
to the U.S. Environmental Protection Agency; and NP/AP = 4/1 according to the B.C.
ARD Guidelines)”

Klohn (1996) also noted that these results were consistent with Klohn’s preliminary ARD
assessment developed on the basis of the deposit geclogy and prevalent mineralogy, as
follows:

“Mesothermal lode gold deposits are ranked low in overall susceptibility to give rise
to ARD problems among the seven common deposit types investigated by Kwong
(1993), In the Ulu deposit, with the possible exception of metasediment-hosted
mineralization, the basic to ulfra-basic character of the barren host rocks is likely to
render prospective waste rock not susceptible to acid generation in spite of the
scarcity of carbonate minerals. Due to pervasive silica and feldspar alteration and
the presence of pyrrhotite in the mineralized zones, however, the ore material is
likely to be net acid-generating. Whether or not an ore stockpile would generate acid
in the temporary storage pad will depend on the pyrrhotite oxidation rate under
climatic conditions at the site. To avoid contaminating benign waste rock that can be
used for construction purposes, care should be taken to characterize and isolate
sulphide-bearing sub-ore material that may be net acid-generating.”

Mehling Environmental Management Inc. 3



L L

e

5 S S

|
| PR

]

N

—

L

Ulu Project December 29, 2004
Review of Field Column Kinefic Test Data - Final Report Project No. 035-001-01

Klohn (1998) supplemented the previous ARD testwork with the ABA analysis of 32
samples, using ABA procedures modified from the Coastech Research (1990) method
(Modified ABA}. The 32 samples included;

e "6 composite chips samples of the portal under construction, including 4
collected by Klohn-Crippen personnel while working on the site (Ulu-KC-1 to
43, 4. previously collected by an EBM-Lupin geologist (Ulu KC-5 to 8}, and 8
subsequently collected by an EBM-Lupin geologist from the camp pads {(Ulu
KC-25 to 32);

» 8 composite pulp samples covering two mineralized zones encountered in
diamond drill hole 96UL-20; both the ore material and its immediate wallrock
alteration were included (Ulu-KC-9 to 18);

¢ The fresh interior (KC-Ulu-17) and 1 alteration rind (KC-Ulu-18) of a grab
sample collected by an EBM-Lupin geclogist from the Cre Zone Surface;

e 6 barren country rocks {3 gabbro, 2 biotite schist, and 1 mafic volcanic rock)
samples from drill cores 96-UL-1 to 4 by a mine geclogist (Ulu-KC-19 to 24y

Klohn (1996) drew “... the following conclusions with regard to the acid rock drainage
potential of rocks hosting the gold mineralization at Ulu:

1. With few exceptions, most rocks in the Ulu property do not contain any
significant carbonate content but mafic silicates may contribute a
neutrslization potential in the order of 20 kg CaCO0, equivalentftonne.

2. Regardless of rock type and extent of mineralization, the total sulfur content
is the most important parameter determining whether or not a sample is
classified as potentially acid-generating (PAG).

3. Because the apparently very slow sulfide oxidation rate occurring at the site,
a threshold total sulfur content of 0.9 wt% and a NPR [Neutralization
Potential Ration, or NP/AP] of »1 are recommended as appropriate
discriminators to differentiate PAG from non-PAG rocks. [These parameters
were revised following kinetic tests as reported in Klohn, 1998, see below.]

4. Both PAG and non-PAG rocks occur in the vicinity of the portal under
construction. Care should be taken to isolate sulfide-rich rocks and not use
them for construction purposes.

5. Based on the apparent paucity of sulfide-rich material and very slow sulfide-
oxidation rate, the waste rock [that had been] used in construction of camp
pads from underground is unlikely to be acid generating, especially if the
waste rock was well mixed in the process.”

Klohn (1998) recommended the following work be undertaken “... to confirm the
preliminary ARD assessment based on the results of ABA testing as well as to identify
and help avoid potential metal leaching problems:

1. Design and conduct kinetic tests to substantiate (a) the slow sulfide oxidation
rate apparently occurring at the site; and (b) the appropriateness of using a

Mehling Environmental Management Inc. 4
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lower than recommended NPR as a PAG discriminator for the site [i.e. an NPR
of 1]; as well as elucidate potential metal leaching problems, especially arsenic.
[Arsenic was noted as being potentially mobile even under non-acidic
conditions.]

2. Involve field geologists in ARD assessment in this case, especially utilize their
expertise in mineral identification to avoid employing rocks with more than 2.5%
pyrrhotite or 2% pyrite or 4.5% arsenopyrite by volume or their combined
equivalents in the construction of the prospective ore pad. [These specific
values were selected as equivalent fo a threshold value of 0.9% sulphur,
consistent with a NPR value of 1. Material identified as sulphide-rich was to be
“... stockpiled on a low permeability structure and later capped in-situ or utilized
as an ore dilutent in the milling process.” Klohn noted that a low permeability
structure was to be present for ore stockpiling, and that a neutralization pond
was 1o be avajlable to address low pH leachate, should it occur.]

3. Continue to collect samples for ABA analysis as the project progresses until a
database is built up that will allow the identification and application of more
readily acquirable surrogate parameters for ARD assessment.”

3.2 Kinetic Tests (Klohn, 1998)

On behalf of Echo Bay, Klohn designed and conducted a kinetic test program fo
investigate the possibility of ARD/ML resulting from stockpiling ore at Ulu prior to its
transport by winter-road to Lupin for processing. The test program (Klohn, 1998)
involved:

» humidity-cell tests on the coarse fraction (>1.5 mm) of a crushed composite
ore sample at both 4°C and 22°C (i.e. room temperature);

+ field-column tests on two duplicate samples of the same coarse ore fraction
as used in the above tests;

» a humidity-cell test on the <1.5 mm fraction of the same crushed composite
ore sample used in the above test at 22°C. This fine fraction accounted for
about 16% by weight of the composite sample, and was labeled ‘tailings’ as
it was apparently considered likely to represent the tailings that would be
produced by processing the ore through a mill; and,

» humidity-cell tests on a waste rock composite sample at both 4°C and 22°C
(i.e. room temperature).

Grain size effects, temperature control of reaction rates and influence of flushing events
on leachate chemistry were considered in the inferpretation of test results (Klohn, 1988).
All samples were described as being “sulphide-rich”, and presumably were selected to
represent relatively reactive material for the site, although there was no discussion of the
kinetic test samples relative to the overall characteristics of the site (See Section 3.1.1
for further discussion).

Klohn (1998) noted significant differences in mineralogy between the ore and waste rock
composites, as follows:

Mehling Environmental Management Inc. 5
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“The ore composite contains more dquartz and biotite and less hornblende and
plagioclase than the waste rock. Although the total sulfide content of the two
composites is similar {(i.e. within the error of visual estimates), pyrrhotite and
arsenopyrite are the dominant sulphide minerals in the ore composite while pyrite
predominates in the waste rock tested. All sulphides are fresh and carbonate is rare
in all of the test composites.”

The similarity in sulphide content between the ore and waste rock sample, the low
carbonate-NP content of all three test materials, and the lack of arsenopyrite in the
specific waste rock sample submitted for kinetic testing were supported by the metals
and ABA analyses conducted by Klohn on the test samples, as summarized in Tables 1

and 2 below

The analytical data also indicated that similar NPR pre-test values existed in all 3
samples, and that there was virtually no sulphate-sulphur in any of the samples. Also
sulphide and arsenic appeared to report preferentially to the fine (tailings) fraction of ore,

as compared to the coarse fraction of the ore.

Table 1: Solids Metals Analyses (Klohn, 1998)

Sample As Ca Cr Cu Mg Pb Zn
(ppm) (%) (ppm) {(ppm) (%) (ppmy) (ppm)

ORE
pre-test 7780 1.03 38 60 0.68 2 86
post-test @ 4°C 9590 1.06 50 60 0.72 <5 65
post-test @ RT 9870 1.08 60 75 0.75 5 a0
WASTE ROCK
pre-test 556 1.07 59 103 1.16 <2 44
post-test @ 4°c 80 1.07 60 110 1.11 <5 40
post-test @ RT 80 1.04 80 125 1.11 <5 40
TAILINGS
pre-test >10000 1.17 47 75 0.75 6 84
post-test @ RT 10870 1.07 50 80 0.72 10 a0

Note; RT = room temperature of approx. 22 °C

Mehling Envircnmental Management Inc.
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Table 2: ABA Data (Klohn, 1998)

Sample Paste | % Total § %S AP NP NNP NP/AP Carb-
PH (Sutfate) | i kot | kgt | (NPR) | F
kglt

ORE
pre-test 8,70 1.14 <0.01 35 32 -3 0.9 5]
post-test @ 4°C 921 1.14 <0.01 35 31 -4 0.9 5
post-test @ RT 8.97 1.22 <0.01 38 25 -13 0.7 5
WASTE ROCK
pre-test 9.32 1.17 <0.01 36 28 -8 0.8 4
post-test @ 4°c 9.31 1.19 <0.01 37 28 -9 0.8 6
posttest @ RT 9.16 1.7 <0.01 36 25 -11 0.7 4
TAILINGS
pre-test 8.12 1.63 <0.01 51 48 -2 1.0 9
posi-test @ RT 8.56 1.55 <0.01 48 45 -3 0.9 8

Notes; AP = Acid Potential in kg CaCQaftonne

NP = Neutralization Potential in kg CaCQOaftonne

NNP = Net Neutralization Potential in kg CaCQOaftonne = NP — AP
Carb-NP = Carbonate NP in kg CaCQa/tonne, calculated from carbonate analysis

The two ore, two waste rock and one tailings humidity cells were run for either 40 or 41
weeks. The two field column tests were run for one complete cycle of changing seasons,
yielding three data points. Results as reported in Klohn (1998) are summarized below.

Mehling Environmental Management Inc.
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3.2.1 Summary of Coarse Ore Kinetic Test Results

Table 3 compares the results of weathering of Ulu ore under different conditions, as
provided in Klohn, 1998;

Table 3: Results of Weathering of Ulu Ore under Different Conditions
{(from Klohn, 1998)

Cell @ 4°C Cell @ 22°C Field Column #1 | Field Column #2
S depletion rate 0.012 0.052 0.004 0.004
{m/kg/week)
NP depletion rate 0.060 0.116 Not calculated due fo remnant salt
{mM.CaCOzfkg/week)
Time for S depletion 563 132 1707 1726
(years)
Time for total NP 102 53 Not calculated
depletion {years)
As loading rate 0.01 to 0.063 0.01 to 0.153 0.001 to 0.004 0.001 to 0.003
(mg/kofweak) decreasing with decreasing with

time time
Zn loading rate 0.01 to 0.0261 0.0006 to 0.1061 0.0002 to 0.0002 | 0.0002 to 0.0004
(mg/kg/week) \ ,
ermratic erratic

Klohn, 1998 stated that “the sulphide-sulphur depletion rate for the humidity cells was
calculated based on the average sulfate release rate measured between weeks 10 and
30 and since the sulphate production rates appear to slowly decrease with time this may
have resulted in an underestimate of the time to deplete all sulphides. For the field
columns, the sulphide sulphur depletion rate was obtained by dividing the cumulative
sulphate release rate by 52 weeks. The NP depletion rate was calculated from the total
weekly release, on a molar basis, of Ca+Mg+0.5Na+0.5K." It was noted that salt water
had been used as a drilling fluid which apparently contaminated the ore sample (Kiohn,
1908). For the humidity cell, the NP depletion rates were measured from weeks 10 to 30
when all the remnant salts had been leached, however, the field columns still contained
remnant salts, therefore NP depletion rates could not be calculated.

Both humidity cell tests, at 4°C and 22°C, suggested that the coarse ore sample would
eventually become acidic, with NP being depleted prior to sulphide, although the lag
times for these samples to produce acidic drainage were estimated to be lengthy (50 to
100 years).

Mehling Environmental Management Inc. 8
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Metal loading or leaching rates from the coarse ore were noted as being much lower in
the field tests as compared to the humidity cell tests. This was attributed to the lower
average reaction temperature and the lower frequency of flushing events under field
conditions. Arsenic and zinc loading rates were highlighted.

3.2.2 Summary of Fine Ore Kinetic Test Results

Table 4 shows the resulis of humidity cell testing of prospective Ulu tailings (fine-grained
portion <1.5 mm fraction of bulk ore composite) at 22 °C as presented in Klohn, 1998:

Table 4: Results of Weathering of Prospective Ulu Tailings (Fine-Grained
Ore) at Room Temperature (Klohn, 1998)

Cell @ 22°C
S depletion rate (mM/kg/week) 0.119
NP depletion rate (mM CaCOalkg/week) 0.305
Time for S depletion (years) 82
Time for total NP depletion (years) 31
As loading rate {mg/kgiwk) 0.28 - 0.61 (decreases slightly)
Zn loading rate (mg/ka/wk) 0.001 — 0.209 (erratic)

The following summary of the results of weathering of Ulu tailings at room temperature
were extracted from Klohn 1998;

“"Compared to the weathering of Ulu ore under the same conditions, the sulfate
depletion rate is twice as fast and the NP deplefion rate nearly three times faster.
Thus even though the tailings contains more sulfides and has a higher NP than the
Ulu ore, it fakes less time for the tailings to exhaust its sulphide content and NP than
the coarser-grained ore. It is estimated that net acid generation will occur in about
30 years if the tailings is subjected to weathering at room temperature. The
calculated As loading rates are at least four times higher than those calculated for
the Ulu ore while the erratic Zn release rates are only twe fimes higher. Evidently,
grain size plays a significant role in mineral weathering and associated metal
leaching.”

3.2.3 Summary of Waste Rock Kinetic Test Results

Table 5 compares the results of weathering of Ulu waste rock under different conditions
{from Klchn, 19288):

Mehling Environmental Management Inc. 9
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Table 5: Comparison of the Results of Weathering of Ulu Waste Rock Under
Different Conditions (Klohn, 1998)

Cell @ 4°C cell @ 22°C
S depletion rate {mM/kg/week) 0.010 0.044
NP depletion rate (mM CaCCa/kg/week) 0.079 0.087
Time for S depletion (vears) 698 189
Time for total NP depletion {years) 63 62

No significant release of trace elements was detected in the waste rock leachates
(Klohn, 1998). Klohn (1998) states that "similar to what has been observed in the
weathering of Ulu ore samples, temperature does not greatly affect the NP depletion rate
but the sulphide-S depletion rate at room temperature is four times as high as that
obtained at 4°C. On a molar basis, NP depletion proceeds faster than sulfide oxidation
under both temperature conditions. Thus, although the waste rock composite has a
NPR of about 1, sustained weathering will eventually lead to net acid generation. This
will occur in about 60 years with weathering at room temperature and about 70 years at
4°C."

3.2.4 Conclusions from Kinetic Test Results
The following conclusions arising from the kinetic tests was taken from Klohn, 1998:

“From the weathering of the Ulu composites [in humidity cells] under -different
settings, it is evident that temperature affects the rate of sulfide oxidation more than
that of the depletion of neutralization potential (NF) in a sample. Since NP depletion
has invariably occurred faster than sulfide oxidation, only materials with a
neutralization potential ratio (NPR) of greater than 3 will not lead to net acid
generation with prolonged weathering at 22°C. Under colder conditions, the NPR
required to eliminate the possibility of ARD can be as high as 7. However, in the
latter case, the amount of acid released on an annual basis is so low that it should
not cause any significant impact.

A lower average reaction temperature and a lower frequency of flushing events
account for the relatively low sulfide oxidation and metal leaching rates observed
with the field-column testing of the Ulu ore compared to the humidity cell testing
results. Metal leaching with the Ulu waste rock is largely insignificant but variable
amounts of As and Zn can be leached from the Ulu ore depending on the grain size
of the test sample, the ambient temperature for reaction and the frequency of
flushing. Based on the kinetic test results, it is estimated that stockpiling of coarse
ore at the Ulu site up to 50 years will not lead to net acid generation or intense metal
leaching. To avoid unnecessary metal leaching problems, however, it is

Mehling Environmental Management Inc. 10
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recommended that ore femporarily stockpiled at the Ulu site should not be pulverized
to less than 1.5 mm in diameter.”

Recommendations for further work included:
s Extension of the field test program for another two years, since insufficient data
was collected from the field columns to establish long-term trends.
» That additional samples be collected from the deeper parts of the deposit for
testing (including kinetic tests), as testing had been limited to samples collected
from the shallow parts of the Ulu deposit.

3.3 Discussion of Previous ARD Assessments
3.3.1 Representativeness of Kinetic Test Samples

MEMI reviewed the Klohn 19896 static test database to compare ore and waste rock
characteristics to the materials selected for the humidity cell and field column tests
discussed above. The 1996 database contained 10 samples described as ore or as
being from a mineralized zone, and 37 samples that could be classified as waste rock.
The range and average of these materials are shown on Table 6. Humidity cell sample
characteristics are also shown in Table 6, and in more detail on Table 2.

Table 6 indicates that the total sulphur content of the coarse ore sample used in the
kinetic fests was higher than the mean of the 10 samples from the ore or mineralized
zone database., This confirms Klohn’s 1998 contention that the humidity cell test
samples can be considered ‘high sulphide’ samples, although several individual ore
samples displayed higher sulphide content. As well as displaying higher sulphur
content, the coarse ore sample also displayed slighfly higher NP than the mean of the 10
ore samples in the database. The NNP result of -3 kg/t and NPR of 0.8 for the ore
sample was the same or similar to the mean result of -3 kg/t NNP and 0.8 NPR for the
10 cre and mineralized zone samples in the database.

The fine ore or tailings sample also displayed similar NNFP and NPR values. However,
the sulphur content was at the higher end of the ore database range, at 1.63%, and the
NP was greater than the ore database range, at 49 kg/t.

Given the characteristics of the coarse ore and fine ore or tailings samples, the humidity
cell and field tests are likely to provide reasonable worst case results, rather than
average or expected results.

The waste rock composite used in the kinetic tests had a total sulphur content of 1.17%
which was significantly higher than the mean of 0.68% for 37 waste rock sample results
presented in Klohn 1996. This again confirmed Klohn's 1998 contention that the
humidity cell test samples can be considered ‘high sulphide’ samples, although several
individual waste rock samples displayed higher sulphide content. The NP of the waste

Mehling Environmental Management Inc. 11
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rock composite was nearly identical to the mean NP from the waste rock database,
although individual samples displayed lower NP values. The NPR for the waste rock
composite was 0.8, slightly lower than the database mean of 1.3. Thus the results from
the humidity cell tests on the selected waste rock sample are likely to represent
reasohable worst case results, rather than average or expected results. However, the
range in NPR results of 0.1 to 137 for the 37 waste rock samples indicates the waste
rock characteristics are highly variable.

Table 6: Summary of Ore and Waste Rock Static Test Database and Kinetic
Test Samples

Sample % Total § AP NP NNP NP/AP
kgh kght kgt {NPR)
ORE or MINERALIZED ZONE
1998 Database
Min / max 0.1510 2.24 5t0 70 161033 -40t0 25 | 0.110 137
Mean 0.94 29 26 -3 0.8
Humidity Cell
Ore pre-test 1.14 35 32 -3 0.9
Humidity Cell
Tailings pre-test 163 91 49 2 1.0
WASTE ROCK
1996 Database
Min / max 0.01 to 3.91 0.3t0 122 10.4 t0 85 -1091t0 78 | 0.110 137
Mean 0.68 21 27 8 1.3
Humidity Cell |
Waste Rock pre-test 117 36 28 -8 0.8

As no metals data were available for the sample suite presented in Klohn 1996, metal
content, in particular arsenic content, could not be compared. Therefore it is not clear
whether the low arsenic content of the waste rock composite of 556 ppm (Table 1} is
consistent throughout the waste rock materials.

Greater clarity of the potential quantity of waste rock that might contain elevated metal
levels may be determined by review of the 7305 ICP’s mentioned in the BHP geoclogy
report (1993).

Mehling Environmental Management Inc. 12
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3.3.2 Humidity Cell Reaction Rates

Comparison to results from other kinetic humidity cells from the International Kinetic
Database (Morin, 1999} are shown in Figure 1, and indicate that both the NP and
sulphate depletion rates for the ore, waste rock, and fine grained ore are comparatively
low.

3.3.3 Threshold NPR Values

MEMI attempted to determine the source of Klohn's selected NPR thresholds for
eventual acidic drainage of 3 at 22°C and 7 under colder conditions. Table 7 provides
ratios of Klohn's reported NP depletion rates and S depletion rates for the various
humidity cell tests, which can typically be used to calculate the threshold NPR values for
material that will not lead to net acid generation with prolonged weathering under the
specific test conditions (Morin and Hutt, 1997).

Table 7: Comparison of NP and S Depletion Rate Ratios

Ore Waste Rock Tailings
Cell @ 4°C 5.0 7.9
Cell @ 22°C 2.2 2.0 2.8

As Table 7 indicates, Klohn's threshold NPR values of 3 and 7 for site materials under
the two temperature conditions could not be exactly duplicated. However the above
values appear to be reasonably close. Given the calculated values in Table 7, it appears
that Klohn's selected threshold NPR value of 3 for materials at 22°C may be slightly
conservative.

Klohn's selected threshold values based on humidity cell results are also considered by
MEMI to be conservative relative to actual field conditions. This is because NP depletion
can depend on the rate of flushing, i.e. the amount water moving through the humidity
cell or field column. Since buffering minerals tend fo be soluble in water, more so than
sulphides, greater flows can mean greater dissolution of buffering minerals, beyond that
need to neutralize acidity produced by sulphide oxidation, particularly where sulphide
oxidation rates are low, as at Ulu. The relatively large volumes of water used in a
humidity cell test (as compared to field conditions) can result in an overestimation of field
NP depletion rates and an overestimation of the NPR threshold for eventual generation
of acidic drainage in the field. Thus Klohn’s selected threshold values of 3 and 7 for
materials at 4°C and 22°C are likely conservative for field conditions, where flushing
rates are lower through most of the year.

Mehling Environmental Management Inc. 13
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3.3.4 ARD Potential by Rock Type

MEMI also reviewed the existing database to assess the influence of rock type on ARD
potential as defined by Klohn's selected NPR threshold value of 3 for 22 °C. MEMI
tabulated the 15 samples from the 1990 testwork performed as part of the environmental
overview by Rescan and reported in “Ulu Project, Northwest Territories, Environmental
Overview” dated December 1991 numbered ARD-1 to ARD-15 and the 32 samples from
the 1996 testwork performed by Klohn and reported in “Echo Bay Mines Ltd. — Lupin
Operation, Ulu Project, Preliminary Assessment of Acid Rock Drainage Potential” dated
October 1996 numbered Ulu KC-1 to Ulu KC-32, by rock type if a description was
provided. The generalized rock types or units were: 1) Intrusive — gabbro and diabase,
2) volcanics, 3) greywacke and biotite schist, 4) basalt/porphyry/band tuff, 5) mineralized
zone, and 6) other — unspecified. The ABA data by rock type is provided in Table 8,
located at the end of the text of this report.

As only % total sulphur was available for the 1990 samples and since sulphate-sulphur
was negligible in the 1996 samples, MEMI calculated acid potential (AP) in kg
CaCOgs/tonne by multiplying total sulphur % by 31.25. The neutralization potential (NP)
for the 15 1990 samples was originally presented in kg H>304/tonne, therefore MEMI
converted the NP to kg CaCOsftonne by dividing the NP presented by 30.625 and
multiplying by 31.25. Upon making these changes to the 1990 samples, discrepancies
were noted in some of the reported AP’s, which would affect both calculated NNP and
NPR values. MEMI| makes no claims as to accuracy of the numbers presented in Table
8, as MEMI has used the % total sulphur and NP’s presented in the Klohn 1996 report. If
the % total sulphur or the NP’s presented in Klohn (1996) are incorrect, then Table 8 in
this report is also incorrect. It was assumed that all ABA analyses were conducted in a
similar manner, althcugh the actual method used to develop the 1990 data was not
identified. |

The database indicated the following frends by rock type, as compared to Klchn's NPR
threshold criteria of 3.

o Seven samples were classified as gabbro/diabase. The total sulphur content for
this group ranged from 0.02% to 0.29%. Only two samples had an NPR of less
than 3 (2.5 and 2.9), with a mean NP/mean AP ratio for the seven samples of
5.7. Therefore, gabbro and diabase waste rock can be classified as likely not
potentially acid generating (NPAG).

» The two mafic volcanic samples with a total sulphur content of 0.74% and 0.93%
and NPR’s of 1.5 and 0.6, respectively, would be classified as potentially acid
generating (PAG).

» Of the two greywacke samples, one had a total sulphur content of 0.25% and an
NPR of 2, The other sample had a total sulphur content of 0.17% and an NPR of
3.8. While 50% of greywacke samples would be classified as PAG and 50%

Mehling Environmental Management Inc. 14
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would be classified as NPAG, the differences between the samples are small,
such that one might conservatively assume all greywacke to be PAG.

s The two biotite schist samples with NPR’s of 6.4 and 9.6 would be classified as
NPAG.

¢ The total sulphur content of the seventeen samples of basalt/porphyry/band tuff
ranged from 0.01% 1o 1.49%, and the NPR of these samples ranged from 0.5 to
137, indicating a high variability in sample mineralogy. Due to the high variability,
and a mean NP/ mean AP ratic of 2.7, all basalt samples might conservatively be
classified as PAG. It should be noted that 6 of the 17 samples were collected
from the camp pads and the NPR's of these 6 samples ranged from 0.5 to 2.4
which would indicate that at least some of the material used for camp pads

- construction would be classified as PAG on the basis of Klohn's revised threshold
NPR criteria of 3,

+ Ten samples from the mineralized zone produced total sulphur contents ranging
from 0.15% to 2.24%, with a mean NP/mean AP ratio of 0.9. Therefore all
mineralized or altered rock should be considered as PAG.

¢ The other unspecified samples were mainly from the portal area. Total sulphur
ranged from 0.2% to 3.91% with a mean of 2.2%. The mean NP/mean AP ratio
was 0.3. These materials would be considered as PAG.

In summary, based on the ABA database compiled to date, and a threshold NPR of 3 for
separating PAG and NPAG material, gabbro and diabase material for the most part are
likely to be NPAG, greywacke may be PAG or NPAG depending on the sulphur content,
mafic volcanics are likely to be PAG, basalt material is highly variable but generally PAG
and all ore and altered material are PAG. Note that the database is dominated by
surface samples, and deeper materials may not maintain the indicated trends. Also note
that the samples may have been biased to those containing visible sulphides.

3.3.5 ldentification of PAG material

Based on preliminary work, Klohn {1998) indicated that % total sulphur was the critical
parameter in determining acid generating potential, and proposed a cutoff of 0.9% total
sulphur to identify potentially PAG material assuming a threshold NPR criteria of 1.
Klohn noted that the selection of such a lower than typical threshold NPR criteria would
require confirmation using kinetic tests. Subsequent kinetic testwork conducted by Klohn
(1998) did not suppott the use of an NPR threshold criteria of 1. Klohn (1998) concluded
that “... only materials with a neutralization potential ratio (NPR) of greater than 3 will not
lead to net acid generation with prolonged weathering at 22°C. Under colder conditions,
the NPR required to eliminate the possibility of ARD can be as high as 7. However, in
the latter case, the amount of acid released on an annual basis is so low that it should
not cause any significant impact.”

Mehling Environmental Management Inc. 15
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The increase in Klohn's threshold NPR values for PAG material was carried forward by
MEMI in a similar manner conducted by Klohn in 1996. Total Sulphur was graphed
versus NPR from the ABA database (Table 8) fo show the % total sulphur “cut-off”
consistent with threshold NPR values of 3 and 7 (Figure 20).

As Figure 20 indicates, all but one sample with an NPR of less than 3 had a total sulphur
greater than 0.2%. The onhe exception (ARD-10) was described (Table 8) as a fresh
gabbro from 171 m to 172.06 m along the drillhole 90VD66. This sample contained
0.13% total sulphur content and reported an NPR of 2.5.

Thus a total sulphur cutoff of 0.2% appears to be consistent with the threshold NPR
critetia of 3 identified by Klohn (1998} for material that will not lead to prolonged
weathering at 22°C. Even materials below this threshold may not generate acidic
drainage for decades, as indicated by the field column tests on coarse ore samples with
an NPR of approximately 1.

4.0 EXTENDED FIELD COLUMN TEST

As recommended by Klohn (1998), the field column testing program was continued
beyond 1298. Leachate collection was undertaken by Echo Bay staff, and results were
provided to MEMI for inclusion in this report.

4.1 Field Column Setup

As described by Klohn (1998), the field setup consisted of two field columns each
containing a 15-kg subsample of the coarse ore composite. The field columns were
installed in an open area near the termination of the winter road at Lupin. Each field
column consisted of two staggered 18-L plastic pails. The upper pail with a perforated
bottom contained the 15-kg test sample and the lower pail served as a leachate
collector. The system was held upright in a slot in a broad-base wood frame made up of
two pallets tied together with iron wire.

4.2 Column Maintenance and Leachate Collection

As described by Klohn (1998), the physical integrity of the field columns was fo be
inspected monthly during the dry season and during each sampling event in the wet
season. Either pail could be replaced if serious disintegration was observed, and
replacement pail(s) were to be thoroughly cleaned prior to being used. Each inspection
was also to ensure that the field columns were well supported in the wood-frame base
such that they would not topple over in a strong wind.

Leachate collection was to be conducted weekly in each column, as soon as spring
freshet began, although collection was dependent on precipitation — a minimum of 200
mi filtrate was required for chemical analysis. The collection method was to follow the
steps given below (Klohn, 1998):

Mehling Environmental Management Inc. 16
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1. Pull out the waste rock (upper) container in the column assembly and sit it on
a clean plastic sheet,

2. Decant the leachate in the collector (lower) pail into a clean, plastic sampling
container; measure its volume, pH, conductivity and temperature; filter it
through a 0.45 pm cellulose acetate filter, ship a subsample (minimum 200
ml, préferably 500 ml) together with a data record sheet to Klohn (Calgaryy).

3. With a rubber policeman or spatula and using a minimum amount of water
(<20 ml}, return all the fine solids collected in the lower pail and filter paper to
the upper pail.

4. Re-assemble the column system and put it back in the wood-frame support.

4.3 1998 — 2002 Monitoring and Sampling

Echo Bay field staff monitored and sampled the field columns at least three times over
each summer season (June to September) from 1998 to 2002. The following
parameters were measured in the field at time of sample collection: volume of water, pH,
conductivity, and air temperature. The samples were not filtered in the field, however on
June 6, 1998 “sharkskin” filter paper was placed in the bottom of the sample columns to
hold in the solids. The leachate samples collected were sent to Norwest Labs of
Edmonton, Alberta, for analysis of total metals and dissclved sulphate. Of note, the
samples collected from 1988 to 2000 were not analyzed until November 2000. This
resulted in the 1998 and 1992 samples being analysed well past the recommended
holding time of 6 months for metals and the 1998, 1999 and 2000 samples being
analysed past the recommended holding time of 28 days for sulphates.

4.4 Field Column Results

The analytical data for the two field columns containing the coarse ore composite sample
are provided on Tables 9 and 10 {located at the end of the text). These tables include
the three data points from 1997 reported in Klohn 1998, as well as the Echo Bay data
provided through to the end of 2002. Volumes of sample leachate collected in 2002
were not provided, such that calculated leach rates and the cumulative leach rates are
presented only to the end of 2001. Figures 2 through 7 show the concentrations,
release rates and cumulative released load trends over time for various parameters for
both Field Columns 1 and 2, in a manner similar fo Klohn {1996). Graphs of individual
parameters (concentrations and loadings) versus time are shown on Figures 2 though
15.

Field columns differ from humidity cells in that flushing rates are low, such that all
oxidation products may not be removed in the leachate. Oxidation products, such as
sulphate and soluble metal salts, may remain in the field column, building up an
increasing store of salts over time that become available for dissolution in subsequent
flushing events. Thus, while the concenirations in the field column tests may more
closely reflect actual dump leachate quality than humidity cell test concentrations, field
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column leaching rates may not reflect internal oxidation or reaction rates, and estimates
or extrapolations using these values should be viewed with caution. As noted by Klohn
{1998), the actual concentrations and released loading rates from the field celumns are
influenced by temperatures, and the frequency and volume of flushing.

As indicated on Table 9 and 10, and Figures 2, 5 and 8, pH was neutral to slightly
alkaline in the leachate collected from both columns. Values ranged from 6.9 to 7.9 for
leachate collected from Field Column #1 and from 8.7 to 8.0 for Field Column #2.
Although erratic, the pH showed a slightly downward trend over the period 1987 to 2001
in both columns.

Dissolved sulphate concentrations generally increased over the period and ranged from
74 mg/l to 665 mg/l in leachate collected from Field Column #1 and 74 mg/l to 480 mg/l
in leachate collected from Field Column #2 (Figure 2, 5 and 9). No particular trend was
seen for timing of seasonally high sulphate concentrations, although concentration highs
may be occurting more frequently during the early spring/summer sampling events.
Arsenic concentrations ranged from 0.17 mg/l to 1.74 mg/l in leachate collected from
Column #1 and 0.11 mg/l to 0.97 mg/l in leachate collected from Column #2, both with
slightly increasing trends, Column #1 more obviously so (Figures 2, 5 and 10). Zinc
concentrations (Figures 2, 5 and 11) were erratic, especially in Column #1. Values
ranged from 0.013 mg/L to 0.332 mg/l in Column #1, and 0.009 mg/l to 0.044 in Column
#2. No specific trends were apparent, although Column #2 zinc concentrations may be
slowly decreasing.

Similar to the sulphate concentrations, the calculated sulphate release rates (i.e. loads)
generally showed an increasing trend for both field columns. The graphs (Figures 3, 6
and 12) indicate reduced release rates for the first sampling event of each year,
suggesting a decrease in the sulphide oxidation rate during the winter season,
consistent with lower winter temperatures. Over the entire period the sulphate release
rates varied from 0.004 mM/kg/wk to 0.129 mM/kghvk in Field Column #1 and 0.003
mM/kgiwk to 0.176 mM/kg/wk in Field Column #2.

The NP release rates from the field columns were estimated from released moles of Ca
+ Mg + .5Na + 5K, the protocol used by Kiohn (1998). Klohn (1998) found that the 1997
NP release rates appeared to be influenced by absorbed salt in the columns due to the
use of salt water as a drilling fluid, such that no actual values were presented in their
report. Results from the sampling event in June 1988 (Column #1) also appeared to be
influenced by absorbed salt (i.e. contained elevated Ca and Na concentrations).
However results from the sampling event in July 1998 in both columns showed a
significant drop in Ca and Na concentrations, and the start of an overall generally
increasing trend in the NP release rates, suggesting that the salt influence became minor
at that point.

Mehling Environmental Management Inc. 18
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The arsenic release rates, although fairly low and erratic, showed an increasing frend
(Figures 3 and 14). Values ranged from 0.0004 mg/kg/wk to 0.016 mg/kg/wk for Column
#1 and 0.0002 mg/kg/wk to 0.026 mg/kg/wk for Column #2. Arsenic release rates
appeared to increase at the later part of each season's sampling events. Zinc release
rates were very low and also showed an increasing trend, particularly in Column #1
(Figures 3 and 15). Values ranged from 0.00005 mg/kg/wk to 0.0025 mg/kg/wk for
Column #1 and 0.00003 mg/kg/wk to 0.0008 mg/kg/wk for Column #2. Zinc release rates
were more erratic and did not appear to show significant seasonal trends.

Following the protocols in Klohn (1998}, the S and NP depletion rates were calculated to
estimate the time required for total S and NP depletion. The S depletion rates were
calculated for the period from January 1997 to September 2001 (i.e. from the total
cumulative leach rates over the entire test period) and the NP depletion rates were
calculated from cumulated leach rates for the period from August 1998 (when all the
remnant salts appeared to have been released) to September 2001. These rates, along
with the arsenic and zinc loading rates, are shown on Table 11 along with the values
provided by Klohn from the 1997 data.

The estimated years to depletion are not necessarily valid for field columns, where
sulphate and ions considered representative of neutralizing reactions may not be
completely flushed from the columns because of the limited precipitation. Although
leachate from the field column tests is considered unlikely to represent internal reaction
rates, the sulphur depletion and NP depletion rates can be manipulated in a manner
similar to humidity cell results fo suggest neutralization potential ratios (NPR) for
materials that would likely not lead to net acid generation with prolonged weathering.
Manipulation of the field column data suggests such threshold NPR values may be in the
order of 1.3 for Column #1 and 2.0 for Column #2,

As shown in Table 11, the expanded collection of data from the field columns shows
some differing results compared to those found on the basis of the first three sampling
events by Klohn (1998). Most significantly, the longer-term sulphate release rates for
Column #1 and Column #2 are 5.5 and 3.75 times higher, respectively, than those rates
calculated from the 1997 data. This may be due to more rapid oxidation of sulphides,
but may also be due increasing quantities of sulphate salts being stored in the field
columns and becoming available for flushing as the test proceeded. Assuming the
influence of salt contamination is minor, and that sulphur and NP depletion rates
continue in a similar manner and reflect actual reaction rates, the estimated times for
depletion suggest that these columns would eventually produce acidic drainage, but only
after more than 200 years.

It is considered possible that sulphur release rates would continue to accelerate as
increasing quantities of sulphate salts are stored in the field columns and become

Mehling Environmental Management Inc. 19
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available for flushing. This means that the predicted lag times to onset of acidic
drainage may continue to decrease as the field column matures. However, comparisons
with humidity cell results (section 4.5) suggests that the sulphate release rates may be
predominantly controlled by site temperatures and that the longer-term rates from the
field columns are appropriate for expected site temperatures.

Table 11: Comparison of Field Column Rates

1997 (Klohn, 1898) 1887 - 2001

Field Column #1 Field Column #2 Field Column #1 Field Column #2

S depletion rate 0.004 0.004 0.022 0.015
(mW/kgiweek)

NP depletion rate Not caleulated due to remnant salt 0.025 0.03

{mM

CaCOalkgiweek)

Threshold NPR N/A N/A 1.3 2.0

Time for 8 1707 1726 310 450
depletion (years)

Time for total NP Not calculated 211 207
depletion {years)

As loading rate 0.001 — 0.004 0.001 - 0.003 0.0004 - 0.0116 0.0002 - 0.028
{ma/ka/week) increasing slightly increasing
Zn loading rate 0.0002 — 0.0009 0.0002 — 0.0004 0.00005 - 0.0025 0.02 - 0.0008
{ma/kg/wk) increasing slightly increasing
S04 cone. {mg/) 84 — 240 88 - 209 74 — 665 74— 480
mean 172 149 270 269

As cone. (mg/l) 0.25-0.40 0.20-045 0.17-1.74 0.11-0.97
mean .32 0.30 047 0.33

Zn conc. (mg/l) 0.05-0.16 0.01-0.04 0.0132 - 0.332 0.009 - 0.0439
mean 0.09 0.03 0.069 0.023

The longer-term results also show wider ranges in arsenic and zinc release rates, and
substantially increased maximum rates. The release rates for both metals appear to be
increasing over time, possibly reflecting increases in actual reaction rates, but more
likely as a result of greater quantities of retained salts in the field columns being
available for flushing as the test proceeds. It is expected that these metals leaching
rates may continue to increase as the field column matures.

The wider ranges and generally increasing release rates are reflected in the wider range
and generally increasing sulphate, arsenic and zinc concentrations, also shown in Table

Mehling Envirenmental Management Inc. 20
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11. Actual arsenic concentrations exiting the field columns occasionally exceed the
federal Metal Mining Effluent Regulations maximum allowable values (i.e. a maximum of
1 mg/l total arsenic, monthly average of 0.5 mg/l total arsenic). These field columns
contain only the coarse fraction (> 1.5 mm) of the composite ore sample. Inclusion of the
fine ‘tailings’ fraction would be expected to further increase these concentrations.

4.5 Comparison with Humidity Cells

The results from the extended field column tests on the coarse ore composite are
compared to results from humidity cells tests on the same coarse ore composite sample
at 4 °C and 22 °C on Table 12. Results from the humidity cells conducted on the fine
fraction of the ore (tailings’) at 22 °C, and on waste rock at 4 °C and 22 °C are also
shown,

The results indicate that the sulphur release rate for the field columns calculated for the
full field test program fell within the range in the humidity cell rates generated on the
same material at 4 °C, and 22 °C. The average sulphur release rate for the field
columns was 0.0185 mM/kg/wk, which was approximately 1.5 times higher than the
coarse ore cell at 4 °C and 0.36 times the rate at 22 °C. This is consistent with the site
climate, described as “experiencing very cool summers, with January temperatures often
below —30°C “(Rescan, 1991). Site temperatures are therefore likely to be closer to 4 °c
than 22°C for most of the year. The sulphur release rate for the field columns also fell
between rates estimated for waste rock with similar sulphide content tested in humidity
cells at 4 °C and 22 °C. These results suggest that the sulphide oxidation rates for the
Ulu materials are primarily influenced by temperature and grain size, rather than other
test variables such as flushing rate or volume.

This conclusion differs from those made by Kichn (1998) based on the early field column
results. Early results indicated “...much lower sulphide oxidation rate compared to
controlled weathering in the laboratory...” attributed to the dual effects of an overall lower
mean temperature and less frequent flushing in the field.

The NP depletion rates for the field columns were lower than NP depleticn rates for the
same material tested in humidity cells at 4 °C and 22 °C. The field column rate of 0.03
mM CaCOaslkg/week was about half the NP depletion rate of the ore humidity cell at 4
OC, and about 25% of the NP depletion rate of the ore humidity cell at 22 °C. This
suggests that the reduced volume and frequency of flushing in the field columns had a
significant effect in reducing NP depletion rates as compared to humidity cell results,
while having essentially no effect on suiphur depletion rates.

Mehling Environmental Management Inc. 21
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Table 12: Comparison of the Results of Weathering of Ulu Ore and Waste

Rock under Different Conditions

Ore Waste Rock
Field Field Cell@ Cell @ Tailings Cell | Cell@ Cell @

Column #1 | Column #2 4°c 22°C 22°¢ 4°c 22°C
S depletion rate 0.022 0.015 0.012 0.052 0.118 0.010 0.044
{mM/kg/week)
NP depletion rate 0.029 0.03 0.060 0.116 0.305 0.079 0.087
{mM
CaC0a/kgiweek)
Threshold NPR 13 2.0 5.0 22 26 7.9 2.0
Time for 8 310 450 563 132 82 698 159
depletion (years)
Time for total NP 211 207 102 53 Ky 68 62
depletion (years)
As loading rate 0.0004 to 0.0002 to 0.02to 0.02 to 0.28 to 0.61
(mg/kg/week) 6.016 0.026 0.063 C.153 decreases

increasing slightly decreases | decreases slightly

increasing with time with time

Zn loading rate 0.00005 to 0.0008 to 0.03 to 0.00086 to 0.001 to

(mg/kg/week) 0.0025 0.04 0.0961 0.1081 0.209 erratic
increasing increasing erratic erratic
S04 conc. {mg/l) 74 to 665 74 to 480 3.3t 26 10 to145 28 to- 857 0.7t018 1310 69
range/mean 270 269 7 25 78 7 25
As conc. (mg/) 01710174 | 0.111t0 0.97 0.051o 0.05t0 0.8 0.35t0 25 0.05 0.05 t6.05
range/mean 047 0.33 0.25 0.22 1.7 to.05 0.05
0.10 0.05

Zn conc. {ma/} 1 0.0132+10 0.009 to 0.01 to 0.011to 0.01 t0 0.84 0.01t0 | 0.011o
range/mean 0.332 0.0439 0.38 0.43 0.12 23 0.67

0.069 0.023 0.046 0.07 0.88 0.06

Note 1: The maximum Zn concentration for waste rock at 4° C of 23 mg/l occurred only on cycle 17 and
may be a lab errar. The next highest value was 0.13 mg/l.

As noted previously, S and NP release rates from the column are not necessarily
representative of the internal reaction rates, as all oxidation and neutralization products
may not be flushed from the field column between each sampling event. Thus threshold
NPR values estimated from field column results should be viewed with caution. The
calculated values of 1.3 and 2.0 are similar to the threshold NPR value of 2.2 estimated
from the humidity cell on the same material at 22 °C, and much lower than the threshold
NPR value of 5.0 calculated from the humidity cell on the same material at 4 °C. This

Mehling Environmental Management Inc. 22
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suggests that threshold NPR values to avoid the onset of acid generation proposed by
Kiohn (1998) may be conservative, due to the substantially lower NP depletion rates
resulting from less frequent flushing under field conditions as compared to humidity cell
test conditions. Specifically, Klohn’s suggested threshold values of 3 based on humidity
cell tests at 22 °C on waste rock, coarse and fine ore; and 7 based on humidity cell test
at 4 °C appear to be conservative given temperature and flushing conditions at the site,
but longer term testing under site field conditions and/or dismantling and flushing of the
fizld columns would be required to confirm this.

The NP production rates to sulphate production rates for all sampling events on all tests
conducted on the coarse ore composite sample are shown on Figure 16. NP to sulphate
production ratios of 1 and 3 are indicated on the graph. The figure indicates that the
ratios between NP and sulphur production rates for the field columns lay between 1 and
3, and were generally closer to 1 than to 3. This may indicate that NP depletion in the
field is controlled more by acid neutralization than by NP solubility, which appears to
influence humidity cell results. Coarse ore tested in the humidity celi af 22 °C generally
showed a slightly higher ratio, and at 4 °C generally had a NP to sulphate production
ratio of greater than 3. The graph also shows that the field tests typicaliy provided lower
NP production rates compared to the humidity cell tests, but not lower sulphate
production rates.

Figure 17 is similar to Figure 16 except that the results for the fine ore (tailings) cell and
waste rock cells are also included within the limited axes. The field fest columns
produced the lowest NP to sulphate production rate ratios. Ratios were typically highest
for coarse ore and waste rock cells at 4 °C, closely followed by the fine-grained ore
(tailings) at 22 °C. The tailings cell produced the highest NP and sulphate production
rate values. Ratios for the ore and waste rock cells at 22 °C were higher than the field
column test, but not as high as the other tests.

The field columns were consistent with the humidity cell tests in that all tests on the
coarse ore sample indicated that NP would be depleted prior to sulphide, such that the
material would eventually produce acidic drainage. The projected time for acid
generation from the field columns was substantially longer, primarily due to the apparent
slower loss of NP from reduced flushing under field conditions.

As shown on Table 12, arsenic and zinc release or [oading rates were substantially lower

___{1to 3 orders of magnitude) from the field columns as compared to the humidity cells

=

conducted on the coarse ore composite sample. The field release rates appear to be
increasing over time, whereas release rates from the humidity cells appeared to be
decreasing over time. The increasing rates in the field cells may indicate that the field
cells are immature, i.e. the leach rates will continue to increase as oxidation producis
store up in the column, and become available for later flush events.
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Comparative arsenic production rates are also shown on Figure 18. Figure 19 irncludes
arsenic production rates for the waste rock and fine ore tailings tests, and indicates that
substantially higher arsenic rates produced by the fine ore fraction.

Despite the lower arsenic and zinc loading rates demonstrated by the field columns,
concentrations are elevated compared to humidity cell concentrations. Table 12
indicates that average arsenic concentrations from the field columns of 0.33 and 0.47
mg/l were 2 to 4 times higher than average concentrations produced from the humidity
cell tests on the same coarse ore material. This may be a result of the reduced flushing
rate in the field. Maximum concentrations released from the field columns (1.74 and
0.97 mg/l respectively) approached the average concentrations produced from the fine
ore test cell at 22 °C. These concentrations may be of concern as they occasionally
exceed the federal Metal Mining Effluent Regulations maximum allowable values (i.e. a
maximum of 1 mg/l total arsenic, monthly average of 0.5 mg/l total arsenic).

As indicated on Table 12, average zinc concentrations released from the field columns
were similar to, or slightly lower than, those released from the humidity cell tests on the
same coarse ore sample.

4,6 Conclusions from Review of Field Column Data

Review of the extended field column test results on duplicate coarse ore samples
indicated the following:

+ pH generally showed a downward frend over the pericd for both columns.

» Sulphate release rates tended to increase in the later sampling events each year,
suggesting lower oxidation rates occurred during the winter months.

e The sulphate release rates generally showed an increasing trend for both field
columns, which was opposite to the trend for both ore and waste rock humidity
cells. It is considered possible that sulphur release rates would continue to
accelerate as increasing quantities of sulphate salts are stored in the field
columns and become available for flushing. This means that the predicted lag
times to onset of acidic drainage may continue to decrease as the field column
mature.

o  Whereas the early field column results reported by Kiohn (1898) gave rise to a
much lower sulphide oxidation rate compared to controlled weathering in the
laboratory, the longer-term field rates were comparable with rates from the
humidity cell tests on both coarse ore and waste rock, and were appropriate for
expected site temperatures. This suggests that the sulphate release rates for Ulu
materials may be predominantly influenced by site temperatures and grain size,
rather than other test variables such as flushing rates or velumes.

e The NP release rate for field columns are less than half that of the coarse ore
huridity cell at 4°C. This suggests that the reduced volume and frequency of
flushing under the field columns had a significant effect in reducing NP
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' dissolution and depletion rates as compared to humidity cell results, while having
, essentially no effect on sulphur depletion rates. |
[ » Kilohn’s NPR threshold values to avoid acidic drainage, calculated from humidity

cell results, were 3 and 7 for 22°C and 4°C respectively. These values are likely

— conservative due to the relatively large volumes of water used in a humidity cell

L test as compared to field conditions.

e The field column threshold NPRs to avoid acidic drainage, at 1.3 and 2.0, were

[: lower than those predicted from humidity cells. This is due to the reduced NP

depletion rate, as a result of lower flushing volumes and frequency under field
: conditions. Field column values should be reviewed with caution as all oxidation

N
1 products may not be released as they are produced, and the sulphate release
rates may continue to increase as products build up and become available for

[ release on subsequent flush events. Confirmation of lower threshold NPR values

L would require continued test work (allowing for stabilization of oxidation rates), or
dismantling and analysis of field column to confirm).

e Arsenic and zinc release or loading rates under field conditions were less than

those in the humidity cell tests on similar coarse ore material, but showed an

increasing trend which may indicate that the release rates were limited in the field
columns by incomplete flushing. It is expected that these metals leaching rates
may continue fo increase as the field column matures.

Arsenic loading rates showed seasonal trends, with higher release rates

measured later in each year, suggesting lower oxidation rates occurred during

the winter months. Zinc release rates were more erratic and did not appear to
show significant seasonal trends.

+ The field columns displayed higher arsenic concentrations than the humidity
cells, with average arsenic concentrations (0.33 and 0.47 mg/l) that were 2 1o 4
times higher than average concentrations produced from the humidity cell {ests
on the same coarse ore material. The higher concentrations are likely due to the
reduced volume and frequency of flushing under field conditions.

e Zinc concentrations released from the field columns were similar to those
released from humidity cell tests on similar coarse ore material, but demonstrated
greater variability and range. '

¢ Materials tested in the humidity cells and field columns tended to contain
relatively high sulphide content relative to the general sample populations. Thus
the results may be considered to a represent reasonable worst case for the
grainsize tested. All tested samples had NPR values of 1.0 or less, and were

: projected to eventually produce acidic drainage, albeit after a lag time of decades

— or more.

« Both the NP and sulphate depletion rates for the ore, waste rock, and fine

; grained ore are low relative to kinetic test results from the International Kinetic
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5.0 SUMMARY

Acid rock drainage and metal leaching assessment testwork conducted to date for the
Ulu Project consists of:

Static testing on whole ore samples (Rescan, 1991; Klohn, 1996 and 1998},

Kinetic testing (Klohn, 1998);

¢ Coarse ore (1.5 mm fraction) humidity cell @ 22 degrees C,

¢ Same coarse ore (>1.5 mm fraction) humidity cell @ 4 degrees C;

¢ Fine ore (<1.5 mm fraction)(called tailings) humidity cell @ 22 degrees C;

e Field column testing (Klohn, 1998; Echo Bay, 2002) on the same coarse ore
sample (1.5 mm fraction}.

The results to date indicate that, with respect to acid generating potential:

Compared to kinetic test results from other sites (as compiled in the International
Kinetic Database, Morin,1999), the reactivity of the Ulu site materials, in terms of NP
and sulphur feaching rates, are low.

Coarse and fine ore with NPR<3 is considered potentially acid generating (PAG) at
22 degrees C under humidity cell test conditions with prolonged weathering (Klohn,
1998).

Under colder conditions, the NPR required to eliminate the possibility of ARD from
coarse cre under humidity cell conditions can be as high as 7, however the amount
of acid released on an annual basis is expected so low that it should not cause any
significant impact (Klohn, 1998).

These NPR thresholds, based on humidity cell conditions, are considered
conservative by MEMI for field conditions where lower flushing rates and volumes
are expected to reduce NP depletion rates. Field conditions do not appear tc affect
sulphur depletion rates.

Results from the field columns suggest that threshold NPRs to avoid acidic drainage
may be as low as 1.3 and 2,0. The reduced threshold NPR values (as compared to
the humidity cell test results) are attributed to the reduced NP depletion rate, as a
result of lower flushing volumes and frequency under field conditions. However,
these field column NPR threshold values should be viewed with caution as all
oxidation products may not be released as they are produced, and the sulphate
release rates may continue to increase as products build up and become availabie
for release on subsequent flush events. Confirmation and use of these lower
threshold NPR values would require continued test work (allowing for stabilization of
oxidation rates), or dismantling and analysis of field columns.

Under field conditions, a threshold NPR of 3 is considered a reasonably conservative
means of classifying PAG waste materials to avoid the onset of acid generation.
From the existing database, this appears to be consistent with a total sulphur cuioff
of 0.2%.
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The coarse ore field column did not produce acidic drainage in 5 years of testing.
Lag times to produce acidic drainage, even for relatively high sulphide samples (i.e.
1.2 to 1.5 % total sulphur) and fine grainsizes (< 1.5 mm), are likely to be in the order
of decades.

Given the characteristics of the coarse ore and fine ore or tailings samples used in
the kinetic tests relative to the current sample database, the humidity cell and field
tests appear to provide reasonable worst case results, rather than average or
expected results from ore materials.

Given the characteristics of the selected waste rock sample used in the humidity cell
tests relative to the current sample database, the results from the waste rock
humidity cell tests are likely to represent reasonable worst case results, rather than
average or expected results for waste materials. However, waste rock characteristics
appear to be highly variable, as demonstrated by the range in NPR results of 0.1 to
137 for the 37 waste rock samples in the current database, such that a portion of the
waste rock may be more reactive than the tested samples.

The characteristics of ore samples collected to date, along deposit mlneralogy,
suggest that all ore will likely have a NPR<3, therefore all ore should be classified as
PAG,

Based on the ABA database compiled to date, and a threshcld NPR of 3 for
separating PAG and NPAG material, gabbro and diabase material for the most part
are likely to be NPAG, greywacke may be PAG or NPAG depending on the sulphur
content, mafic volcanics are likely to be PAG, basalt material is highly variable but
generally PAG and all ore and altered material are PAG.

The onset of acidic conditions, and/or predicted metal leaching, may not necessarily
result in significant adverse affects on the environment. Impact assessments are
required to assess potential impacts, and typically take into account the mass of
material maintained in a frozen state, volume and grainsize of the stockpiled
material, site temperatures, the tend\eany for water to flow through channels and
bypass many of the rock surfaces potentially holding stored oxidation products, and
the volume of runoff and leachate that may contact the stockpile materials. MEMI
recommends that impact assessments for specific site conditions be conducted to
guantitatively define potential impacts associated with temporary and/or permanent
storage of ore or waste rock on site.

With respect to the metal leaching potential:

Arsenic and zinc leaching may be of concern at neutral pH. Arsenic leaching from
ore samples under field conditions at neutral pH appears to occur rapidly, and
achieved concentrations in the field in the range of 0.5 mg/L to 2 mg/L, i.e. may
exceed the federal Metal Mining Effluent Requlations maximum allowable values.
However, release or loading rates under field conditions are low relative to humidity
cell results, such that impacts to the receiving environment may not be significant.
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Quantitative predictions are required to determine the significance of potential
impacts.

Klohn (1998) did not consider metal leaching to be a potential problem for waste rock
materials, based on the waste rock kinetic test results and the geological description
of the ore deposit. However, the current database is limited, and metal content may
be elevated in portions of the waste rock, for example in rock in close proximity to the
ore body. The potential for metals, such as arsenic and zinc, leaching from waste
rock at neutral pH should be considered in impact predictions.

Metal leaching under acidic conditions have not been assessed, as acidic conditions
are not predicted to occur for decades. If acidic conditions should eventually
develop, leaching rates of other metals, such as copper, are expected to increase.

6.0 IMPLICATIONS FOR ORE AND MINE WASTE MANAGEMENT

Significant findings from the two extended field column tests conducted on the coarse
ore material, that have potential implications for ore and waste rock management include
the following:

6.1

Implications for Ore Stockpiles

» Given the characteristics of the coarse ore and fine ore or tailings samples, the
humidity cell and field tests are likely to provide reasonable worst case results,
rather than average or expected results.

e High arsenic concentrations, and elevated zinc concentrations are anticipated
from coarse ore (>1.5 mm) materials located in the active layer on site at neutral
pH. These arsenic concentrations may be of concern as they occasionally
exceeded the federal Metal Mining Effluent Regulations maximum allowable
values, particularly in the later stages of the 5 year test.

e Actual ore stockpiles that include some finer (<1.5 mm) material would produce
higher arsenic and zinc release rates, higher zinc and arsenic concentrations,
higher sulphate and NP depletion rates and more rapid onset of acid generating
conditions than suggested by the field columns conducted solely on the coarse
ore fraction.

e Kiohn's NPR threshold values to avoid acidic drainage, calculated from humidity
cell results, of 3 and 7 for 22 °C and 4 °C respectively, are considered
conservative due to the relatively large volumes of water used in a humidity cell
test as compared to field conditions. Lag times hefore the onset of acidic
conditions associated with these thresholds are likely to be in the order of
decades.

s Results from the field columns suggest that threshold NPRs to avoid acidic
drainage may be as low as 1.3 and 2.0. The reduced threshold NPR valuss (as
compared to the humidity cell test results) are atiributed to the reduced NP
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6.2

depletion rate, as a result of lower flushing volumes and frequency under field
conditions. However, these field column NPR threshold values should be viewed
with caution as all oxidation products may not be released as they are produced,
and the sulphate release rates may continue to increase as products build up and
become available for release on subsequent flush events. Confirmation and use
of these lower threshold NPR values would require continued test work (allowing
for stabilization of oxidation rates), or dismantling and analysis of field columns.
Given that ore stockpiles are anticipated to be milled quickly, and are not likely to
be stored for more than one year before transport to an offsite mill, the predicted
arsenic and zinc concentrations and the predicted delay until the onset of acidic
conditions are unlikely to result in significant adverse affects on the environment.
Potential impacts from limited metal leaching over the proposed ore stockpile
turnover period can be estimated from humidity cell and field column leach rates,
combined with the volume and grainsize of the stockpiled material, site
temperatures, the tendency for water to flow through channels and bypass many
of the rock surfaces potentially holding stored oxidation products, and the volume
of precipitation that may contact the stockpile materials.

Implications for Waste Rock Piles

The results from the humidity cell tests on the selected higher sulphide waste
rock sample are likely to represent reasonable worst case results, rather than
average or expected results. However, the range in NPR results of 0.1 to 137 for
the 37 waste rock samples indicates the waste rock characteristics are highly
variable. '
Based on the ABA database compiled to date, and a threshold NPR of 3 for
separating PAG and NPAG material, gabbro and diabase material for the maost
part are likely to be NPAG, greywacke may be PAG or NPAG depending on the
sulphur content, mafic volcanics are likely to be PAG, basalt material is highly
variable but generally PAG and all ore and altered material are PAG. Note that
the database is dominated by surface samples, and deeper materials may not
maintain the indicated trends. Also note that the samples may have been biased
to those containing visible sulphides.

Extrapolating the field column results on coarse ore to the waste rock, and
assuming the waste rock responds in a similar manner to field conditions,
suggests that an on site waste rock pile would likely display slower NP release
rates and similar sulphate release rates to those shown by the waste rock
humidity cells. The lower NP release rates would be attributed to the less
frequent and lower volume flushing experienced by waste material exposed in
the field.

These results indicate that Klohn's NPR threshold values to avoid acidic
drainage, calculated from humidity cell results, of 3 and 7 for 22°C and 4°C
respectively, are likely conservative due to the relatively large volumes of water
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used in a humidity cell test as compared to field conditions. Lag time before the
onset of acidic conditions, associated with these thresholds, are likely to be in the
order of decades or more.

Threshold NPRs to avoid acidic drainage calculated from coarse ore field
columns may be applicable to waste rock, with similar caveats as mentioned
above for ore stockpiles. Field column NPR thresholds of 1.3 and 2.0 should be
viewed with caution as all oxidation products may not be released as they are
produced, and the sulphate release rates may continue to increase as products
build up and become available for release on subsequent flush evenis.
Confirmation of lower threshold NPR values would reguire continued test work
(allowing for stabilization of oxidation rates), or dismantling and analysis of field
columns.

Based on the geologic description of the ore deposit, Klohn (1996) anticipates
that the waste rock will contain limited mineralization, such that metal leaching
would not be significant. This was supported by humidity cell test on a composite
waste rock samples (Klohn, 1998) at neutral pH values. However, any waste
material that contains arsenic, such as waste rock adjacent to the ore, may have
a potential to leach As at elevated concentrations, and should be assessed
andfor managed accordingly. Zinc may also be a potential metal leaching
concern if present in waste materials in similar quantities and form as the tested
coarse and fine ore samples.

Should acidic conditions eventually develop, leaching of other metals may occur.
For example, copper values in the waste rock are noted as being slightly more
elevated than ore samples.

Under field conditions, a threshold NPR of 3 Is considered a reasonably
conservative means of classifying PAG waste materials to avoid the onset of acid
generation. From the existing database, this appears to be consistent with a total
sulphur cutoff of 0.2%.

The onset of acidic conditions, andfor predicted metal leaching, may not
necessarily result in significant adverse affects on the environment. Impact
assessments are required to assess potential impacts, and typically take into
account the mass of material maintained in a frozen state, volume and grainsize
of the stockpiled material, site temperatures, the tendency for water to flow
through channels and bypass many of the rock surfaces potentially holding
stored oxidation products, and the volume of runoff and leachate that may
contact the stockpile materials. MEMI recommends that impact assessments for
specific site conditions be conducted to quantitatively define potential impacts
from waste rock storage.
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7.0 RECOMMENDATIONS

ABA and metal content monitoring should continue during operations, particularly
at deeper depths, to confirm if rock type trends identified from the current
database remain consistent.

Additional ABA and metal content sampling of the constructed camp pads should
be undertaken to determine their susceptibility for ARD and metal leaching.
Quantification of the low levels of mineralization in waste rock assumed by Klohn
(1996) on the basis of the geological model should be confirmed. This, in
conjuction with the lack of a metal leaching problem associated with the single,
high sulphide waste rock kinetic test sample, is the basis for anticipating no
significant metal leaching from waste rock. However, the limited metal database
for waste rock samples precludes a quantitative assessment of arsenic and zinc
content in waste materials at this time. For example, metals content may be
elevated in waste in close proximity to the ore deposit. Metal content of waste
materials should be confirmed by operational monitoring. Greater clarity of the
potential quantity of waste rock that might contain elevated metal levels may be
determined by review of the 7305 ICP’s referred to the BHP geology report
(1993).

The field column tests on coarse ore should continue to determine if [ower
threshold NPR values may be valid for the site conditions. Alternatively,
dismantling of the field columns should be conducted to analytically determine
the amounts of scluble salts held in the columns and not flushed out under site
conditions. This data could be exirapolated to the waste rock to assess whether
lower threshold NPR values might be valid for identifying PAG waste rock
quantities stored permanently on site.

Since the onset of acidic conditions, and/or predicted metal leaching, may not
necessarily result in significant adverse affects on the environment, impact
assessments should be undertaken 1o assess potential impacts. These
quantitative assessments typically take into account the mass of material
maintained in a frozen state, volume and grainsize of the stockpiled material, site
temperatures, the tendency for water to flow through channels and bypass many
of the rock surfaces potentially holding stored oxidation products, and the volume
of runoff and leachate that may contact the stockpile materials.

Should quantitative impact assessments indicate potential for adverse long-term
impacts, field column kinetic tests could potentially be conducted on waste
material to confirm metal leaching rates and NPR thresholds for the different
types of waste rock and varying composition with depth. However, on the basis of
the field column tests conducted on coarse ore, waste rock columns would
require several years to develop information supportive of lower threshold NPR
values.
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We trust this report meets your current requirements.

MEHLING ENVIRONMENTAL MANAGENENT INC.

Per.

eri Mehling, M.Sc., P.Eng. (B.C./N.W.T.)
nior Consultant
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Ulu Project
Table 8; ABA Database by Rock Type
Vert, Dapth kg CaCO3/tonne
Sample # Rock Type Desciption {m) %S %8045 AP NP NNP  NPR
Intruslve - Gabliro & Dlabase
ARD-1 gabbre adjacent to zone, 89¥C04, 20.0-20.8m 0.8 0.24 7.5j21.96939 145 2.9
ARD-3 diabase fresh, Mod Mg, §9VD 14, 37.8-38.9m 30 0.29 9.1] 51.948%8 429 &7
ARD-8 diabase hanging wall, 80V D43, 319-320m 240 0.02 0.6] 53.38776 52,8/ 854
ARD-10__ [gabbro fresh, BOVDBE, 471-172.06m 0.13 A.11 1035714 B3| 2.5
Ulu KC-22 |gahbro BH96-4, 3-23m 0.22 0.01 7 25 18] 3.8
Ulu KC-23 [gabbro BH86-8, 3-40m 0.13 0.01 4 18 14( 4.4
Ulu KiC-24 [gabbro BH96-1, 25-52m 0.06 0.01 2 15 13| 8.0
count 7
min. 0.02 0.6 10.36 63 2.5
max. 0.28 : A ] 53.39 52.8 854
mean 0.16 5 28 23 5.7
Volcanlcs
ARD-2 _ [mafic velcanic [low grade, 1% As, 0.5% Po, B8VD05, 60.6-61.6m an 0.74] [ 231]3566327] 12.5] 1.5
Ulu KG-19 |mafic velcanic |BHBE-2, 11-12m 0.02] 001 29| 18] -11] 0.8
count 2
min. .74 231 18 -11 D&
max, 0.93 23 35.66 12.5 1.5
mean 0.84 26 27 i 1.0
Greywacks & Blotlte Schist
ARD-8 greywacke footwall, 36V44, 409,54-410.54m 360 0.17 5.3| 20.44898 15.1| 3.8
ARD-13__ |greywacke fresh, 90VvD62, 363-364m 260 0.26 7.8} 15.79592 8.0] 2.0
Ulu KC-20 |biotite schist BH86-2, 34-38m 0.11 0.01 3 22 18] 6.4
Ulu KC-21 |bictite schist BHB6-2, 38-42m 0.07 0.01 2 21 18] 9.6
count 4
min. 0.07 2 15.79552 8.0 290
max. 0.25 8 22 19 9.4
mean 0.15 3 20 15 4.2
Basalt/Porphyry/Band Tuff
ARD-4 band fuff balow zone, tr, Po, calcite, 39VD22, 171-172m 120 0.04 1.3, 23.4898 222| 19
ARD-5 o-f porphy footwall, 1% Po, 50VD31, 377.78-378.1m 325 (.02 0.6] 27.7449 271 dd
ARD-6 basall hanging wall, 1% qtz stringers, 89VD10, 17.38-18.38m 10 0.01 0.3 42.70408 42.4) 137
ARD-7 basall footwall, 1% qtz stringers, 0.5% Po, 89VD10, 36,05-37.05m 12 0.25 7.8130.07143 22,3 38
ARD-11  ibasalt fresh, ir. giz siringars, 80VDE2, 108-200m 150 012 3.8/ 1864286 159; 52
ARD-12  |f-porphy frash, S0VD62, 253-254m 180 0.01 0.3| 39.23460] 38.9] 126
ARD-14  |basalt country rock, 7-8% gtz-carb sirg, 90VDE2, 81.1-92.1m 35 0.22 6.8| B4.78571 7790 12
ARD-15  |basalt country rock, 4-5% qtz stingers, 90WD72, 207.5-208.5m 0.57 47.8| 40.73469 229| 23
Ulu KC-1_|basalt parial, working face 0.26| 0.005 8 45 37| 55
Ulu KC-2 |basalt & gabbro porial, N ramp 0.09 0.01 3 27 24| 9.6
Ulu KC-4 |basal & gabbro poral, 3 ramp 0.49 0.01 15 22 71 1.4
Ulu KC-25 [pasall EBM-Ulu ARD-1 camp pads 1.48 0.01 47 2z -25 0.5
Uly KG-26 |basalt EBM-Ulu ARD-2 camp pads 0.58| <0.01 18 19 1. 1.0
Ulu KC-27 |zasalt EBM-Ulu ARD-3 camp pads 0.80 0.0 25 23 -2| 0.9
Ulu KG-28 |basall EBM-Ulu ARD-4 camp pads 0.31 <0.01 10 23 13| 2.4
Ulu KG-29 |Qtz-feld porphyry + basall EBM-Ulu ARC-5 camp pads 073 0.01 23 23 o] 1.0
Ulu®C-31 |basalt + minor QFF -~ — -~ —  |EBM-Ulu ARD-7 camppads- - - --- - - - - ) o ... 032 <001 10 18] 9] 19
gount 17
min 0.0 0 19 25 0.5
max. 149 47 84,79 779 137
mean 0.37 12 H 20 27
Mineralized Zone
Ulu KC-9 |allered basalt BH96-20, 117.8-118.9 0.16 0.01 5 30 25| 64
LIy KC-10 |altered basalt BHE6-20, 166.8-167.8 0.28 0.01 ] 26 17| 3.0
Ul KC-11 |aliered basalt BHOG-20, 167.8-168.2 0,93 0.02 29 33 4] 1.1
Ulu KC-12 [altered basalt BHB6-20, 168.2-170.1 147 0.01 37 33 -4 0.9
Ulu KC-13 |mineralized zone BH96-20, 173.3-175.0 224 0.01 70 30 40| 04
Ulu KC-14 |guartz vain BHO6-20, 184.4-185.9 1.60 0.01 50 18 -321 04
Ulu KE-15 |altered sedimant BH96-20, 85.9-187.6 0.28 0.02 9 24 15| 27
Ulu KC-186 |altered graywacke BH96-20, 198.9-200.8 .22 0.03 7 18 g 23
Uly KC-17 [frash Interior of grab ore sample  |ore zone surface 1.18 0.06 ar 23| -14.18; 06
Ulu KC-18 |Alteration rind of grab oye sample |ore zona surface 1.29 0.03 49 26| -14.31] 0.6
count 10
min, 015 5 16 40 0.4
max. 2,24 70 33 25 6.4
mean 0.94 29 26 -3 0.8
Qthar = Unspeclfled
Ulu KC-3 |sulphide {pe+py)-rich poral, N ramp 3.91 0.02 122 13| -108.2] 0.1
Uiy KC-5 _|\EBM-Ulu pulp 18701 porial material 2.65 o 83 21 62 03
Ulu KC-6 _|EBM-Ulu puip 18702 portal material 2,80 0. a4 14 -4, 0.2
Ulu KC-7 |EBM-Ulu pulp 18703 portal material 3.15 0.01 98 21 77| 0.2
Uly KC-B_|EBM-Ulu pulp 18704 portal material 2.29 0.02 72 24 -48| 0.3
Ulu KC-30 [EBM-Ulu ARD-5 camjz pads 0.37] <0.01 12 20 8 1.7
Ulu KC-32 |EBM-Ulu ARD-B camp pads 0.20 0.01 6 19 13] 3.0
count 7
min, 0.20 G 13 <109 01
max. 3.91 122 24 13 3.0
mean 2.20 69 19 =50 0.3
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Table 9: Ulu Project - Flald Column #1 Tast Data [

Sample Weight (kg) 15
IGP-50LIDS
'ULU‘ Wacnseaday, January 15, 1887 & 10300 86 Ell

t
TS FATE AN P e e L | R R [ ies CHE O | ORIV | M7 I [t [ [] | R R [oii i L] ... JC. K| L] A | AT 7
ueu? [Wadnueday, June 18, 1997 22 2 787 140 1400 154 7.67 8500 16 A9 84 =< 1 0,05 0z f<| oo < 000 1 0.003 R Y T 2 Y
LLug® Wednasday, August 27, 1957 10 az 1.28 9250 0.450 1.8 14 azan0 73 40 192 < 1 0.ps 040 < 0,01 < 0001 | < 0.001 B8 < 0,02 < 0.02
uLn? Friday, Segiambat 12, 1997 23 843 DADD [& 4750 2] 45 240 < 1 0.8 a0 < o <| 0ot | <| n.om 168 {002 [« 002
ULy Seturday, Juna 05, 1598 38 723 7.68 1620 3,360 i3 191 0,053 0.020 D42 0084 [<| 00005 |<| 6008 10.045 <] _ 0.0008 B1.2 <|__n0,0na8 0,007
LU Monay, July 13, 1898 5. T8 776 356 1,600 g j 805 0104 .01 - £5 0277 (<] oooos |« 008 03— <] n,0008 28 <[ 0.0009 6.0005
LU Eridey, Aupust 21 1998 . B30 ~7.85 272 1775 8 BG.7 0.045 017 27 0462 J«| 00008 |« 008 D004 <] 00mne 804 <] _oooge_ [=[ o.0008
LU Wadnsaday, Saptembsr 16, 1898 3. 6.8 7.7 200 0.926 i 737 0,084 028 0% 0.0628 [<] 0.0005 |< .008 10,003 < 000 40, 01 < .000B
WL Tuetday, June 16, 1898 58.5 125, B.B6 [l 160 & 238 < .C03 071 037 00466 [<f 00008 < oopE [« (0002 [« 0D a1 < 0008 0057
[[EE Baturday, Aupusi 07, 1999 F] 82, 7.58 20 200 E 4.8 041 0.009 0.23 0.0222 | =< 000G (<] 0008 |< 002 [<[ oo 41, <|__0.0008_ 1< _0.0608
iy _IM”M_MM =8 4.0 137, .28 24 B840 [ 04 020 0,008 0.2 0118 |« 000G < 0.008_ < 002 [<|__ 0.0006 425 [<] 0.0008_f<| 0.0008
LAV [Tussday, July 18, 2000 44.5 181, .92 A58 275 . 159 028 0.1 0.2 0651  [<| 0.0008 < 0008 [« 002 |« 0.0006 714 |<| D.0003 </ 0.000B
ULLA | Tusaday, August 22, 30600 [ “1B6 56 1062 0.725 - 573 <| 0,008 0,01 K] 0898 [<] 0.0006 |« 000 o3 |« 0006 212 <| 0.0008 0.0618
UL Suncay, Septembar 17, 2000 45 181, 74 933 185 2 454 <[__o.nog 0.007 I 0936 |« 0.0008 [<] Q.00 < 0002 [<| 0.0008 161 <|__0.0008 1078
ULUY Wednesday, July 04, 2001 a1 232, 7.43 1004 4,550 20 665 702 008 0499 £3 0.039 <| 0,000 <|___0.00i 0024 |< 000! 2894 =|__ 0.0008 CEF
uLu Thureday, Auguet 02, 2009 43 235 7.29 [ 2118 - 578 034 < .005 0444 0.43 0.0302  [<{ 0,000 <|  0.008 0017 = 000! 145 <| 10,0008 0019
ULy Seturday, Seplamber 01, 2001 4.3 240, G.98 BE3 1220 - 403 023 005 0407 0.35 00382 [<| 0000k < 0,008 /0074 < 000 143 <| 0.0008 |[<= .0C0B
LLLY Bundey, July 07, 2002 44 2849 - 678 gad0 B4 &7 0.13 .02 A 0086 <] Doo [« G003 0027 <] 0.000 534 1<| 0008 [WE
ULt Fridzy, Auguaf 15, 2002 57 2006 . B.04 1010 D 283 EOES [NE 0,028 60078 D86 0.021 <| __0.0005 i0.076 0.60004 7 < 0.0008 {10045
Maximum ' 792 2140 . : 685 1 0.06 0488 174 0.0888 0,001 0.008 1,145 0,003 234 .02 0,02
Minimum 6.88 248 4 0,008 0,005 0.407 0.17 0,01 <| noooe  [<] o0005 |<| 'nooz || e.o0o004 26 <|__0.0065 =] 0.0008

1.
I EHEACHRATESA [ TR e ] AT T NIRRT R W O i SRS P i | Wl | O D Ko B BT v o | T O i A O R 8 | I Gy M 0 | I e v
Lt VWadnesday, junk 18, 1957 036 0.0042 000021 0.0011 0.00004 £.000004 i 0.000013 0.55 0.00008 0.000085
UL’ Wednzsday, Auguet 27, 1987 058 0.0030 0,00015 0,0012 0,00003 0.000003 | 0.000003 0.28 0.00005 0006060
UL’ Friday, Septembser 42, 1007 278 0.014A 0O0SE 0085 0.00012 0,000012 . 0.000012 1.91 0.00023 0000232 |
[HE Saturday, June 06, 1995 037 06,0003 .00077 0020 0.0002 0,000004 0,00005 00026 0,000004 096 000005 000604 |
ULy Mondey, July 13, 1298 1.80 0021 00020 0070 0.0006 0.000012 C.00016 00026 0,000012 0.56 .CO0018 0.000018
LU Friday, Auguet 21,1888 " . Tk 0010 D0DS7 0058 0.000%9 0000018 0.00017 00008 0.000013 0.75 000070 D000017
ULl Wednexsday, Seplember 16, 1858 123 a11 G0043 0853 0.00705 0,000010 0.00013 0.D0005 0000010 0,67 008078 0.000013
LLU Tuesclay, June 15, 1999 (LT 0,0000 0.50004 0006 0.00017 1,000002 0.60003 0.00001 0,000002 0,34 000003 0000021
LLU1 Saiurriny, August 07, 1988 101 0,an4 000010 00025 0,00024 0.060008 0,00009 £,00002 £.000008 044 0.000010 £.000009
LU Wednesday, Sepienber 08, 1685 2,60 0008 000026 0057 0.00034 000017 0.00023 £.00008 1.000017 1.22 000802 0.000023
ULl Tuesday, July 16, 2000 0.38 0001 0,00002 0004 0000411 00000 00002 0,00000 0.000001 .14 0000002 0.006002
ULLI Tuesdsy, August 22, 2000 5.54 0001 0.00010 0085 0.00097 00000 00008 0.00008 0.000005 .05 0.000009 0.000017
ULLA Sundzay, September 17, 2600 815 0002 0.00012 0.0°6 000464 0G0 0004 0.00004 0.000017 63 0.00008 0000032
Y Wadniesday, July 0¢, 2001 - 503 0053 0.0000G KiNER 10,0040 1.00020 0,00p005 00008 0.00078 0.000005 177 0,000007 0.0000GH
ULl Thursdey, Aupust 02, 2001 24 0011 0.00020 0146 0.0 0.00099 0.000020 00028 0.00056 0.000020 78 0,000030 0.000082
HLLA Saturday, September 01, 2001 8.2 0.0005 ooRp12 0083 0.0072 0.00078 0.008012 00016 00028 0,000012 283 0.0000718 000015

. T

[Maximum 124 0.0118 0.00058 1.0146 0.016 0.001E4 0.00002 0.00026 0.00058 00002 A75 0.00023 0.000231884
Minfmur 0.38 0,00003 0.00002 0.0038 0,0004 0.00003  [<| 0.000001 |<] 0.00002 [<[ 6.bcoeed J<] 60,0000 0,14 s| o.00m0z2 [<[ 0000002
TR MU LTSV M C HERATHE S SRR AL 8 SRR | Y] L T B | T ) e D T [ B | e | ] e o e | A B B
uLus? Wednekday, June 18, 1997 7.84 0.053 0.005 £.023 0.001 0.0001 | 0.00028 2.1 000187 0.00187
Lyt Wednoeday, Augusi 27, 1887 135 0193 0.008 0035 0,001 0.0001 | 00037 15.0 D002 Y 000347
uLuy! Friday, September 12, 1997 200 0.150 ,008 0.043 0,002 0.0002 i D.0003¢ 154 0.00300 0.00300 |
HIATI] Satirgay, Juns OF, 1898 : 483 0182 0714 0,181 0.008 0003 0.0018 10,071 D.ODST 8.1 0.00320 0.00456
LU Mondey, July 13, 1998 5B8 173 0.015 0.1£8 o.012 0003 0.0026 10.0114 0.00063 36,1 00530 0.00488
ULL Friday, Augyst 24, 1988 : 650 178 0.017 .20 0,018 0004 0.0038 10.0178 000067 404 00340 0.00476
LW Wadnasday, September 18, 1698 735 482 0.013 0,243 021 0005 0,0041 {20121 000064 42.9 00347 0.00480
LLU Tueprzy Juns 15, 1983 Fi 0388 0.020 0.268 0.028 0005 0052 T0.0124 000078 55,0 00360 0.00562
ULLI Saturday August 07, 1908 115 AET 0.021 D.206 0,030 0006 0.0059 2:0125 0.00078 52,3 00567 0.00568
ULY Wadnagaay, September 08, 1999 7 461 0.022 0312 0,031 0007 0069 10,0128 0,00085 B4, 00378 0.00578
UL Tunstay, uly 58, 2000 4 163 0,073 0.38 0.036 0007 0075 0.0150 D029 70, 00387 0005865
Ll Tueeday, Auguet 22, 2000 m 04184 028 0372 0,041 0007 0080 [0,0%31 D093 B1. 00391 0.00595
ULy Sunrday, Sepiembisr 17, 2000 208 D.184 .024 0445 0.048 L0006 0.0085 10,0133 00098 93, 00396 0.00609
Wednasday, July 04, 2001 i 414 47 028 . b.608 0.060 0.60710 0.0111 0.0207 00317 166 0.60425 0.D073
ULy Thursday, Auguat 02, 2001 468 41 027 0,670 0.065 0.0071 0.0722 .0231 .00125 187 0.00433 0.008085
Selurlay, Sepiorner 01, 2001 508 41 0.028 0.701 0.088 0.0071 0.0128 0.6243 00131 189 0.00447 0.009712
Note:
1. Dotafrom Kiehn, 1688, Dlasolvad matals, 1ot 1ol mafela,
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Table 9: Ulu Projest ~ Fleld Golumn #1 Test Data !
Sample Welght (kg) 18
] [T
: SR Az ; ] Fle i L R ! EA et it e oL
ICFSOLIDS ppm _opm ppm FRM_ fpm___
! Wetneeday, January 15, 1597 80 27100 [ 8600 396
IGHTERG HATE L T Mo ] S N | [ [ TR [] | N (NN | I T R AR I e Y A B R R m| im|
uLw’! {Wednaeday, Juno 18, 1897 22 P <|__ o0 <] 1 < o008 180 4.1 0.01 = 0.01 < 1 40 < om 1510 041 : % 00 0.18
uLt? . Wedneeday, August 27, 1997 10 32 < 0,09 <] 1 = 0.08 440 1.8 < 0.09 < 0.01 < 1 20 < 0,01 550 0.18 l h] 0.01 0.05
VAT Friday, Septamber 12, 1997 23 43 <| o; < 1 < 0.056 20 3.0 0.01 < 0.01 < 1 an < 0.01 830 0.34 B < 1 s DD 0.07
LU Saturday, June DB, 1888 a8 723 0.014 0077 . 003 036 742 4.98 0.005 0.008 .11 12.2 0,008 1.8 <|__ 0,001 286 0.11% A4, =] ooos J<] 0po3 0.0021 0.003 0,003
DLU Mandsy, July 79, 1888 _ FE) il D.007 0.073__ |<] _0.002 021 164 (.06e2 0,003 0008 < 05 652 </ 0.0 183 <[ 0.m a4 0.0402 28, <[_oooe_ [<| o503 D.0031 <o 0,015
ULU Friday, August 21, 1888 &5 [ 001 0.0%5 |« NTH 023 174 00373 002 0002 s 03 ] 007 1.56 <] 00D 186 0.0474 7. <| 0004 |« 003 0.0009 000 0.0132
LU Vrscnesday, Sonember 16, 1998 a7 [ 0.008 a1 <[ ouooe 0.03 189 0.0164 002 0005 [< 05 I 004 206 |< 0.0 15.] 0.0607 221 <[ 00 = 003 0,003 .00 0.027
UL Tugaday, Juhe 15,1889 S5 126.8 0.041 i 0028 J< 0.002 0.031 5.03 1.22 00 tooE _ |< 0,0 15 < 004 1.2 < 0.00 46.2 0107 n.r <1 0.004 1 003 [<] 0.0004 < .00 0.832
LU Seturday, August 07, 1899 1.6 1368 008 0.0 0.003 024 204 0.0844 .00 0008 <[ " 0.0 1183 [«[ 0.00¢ 143 <[ 00D 16.7 D.0473 a6 |« oo [« 003 [<|__0,0004 ] .00 0.0228
ULLr ‘Wadnesdlay, Septamber 0B, 1989 45 137.9 005 0.0 < 0.002 015 18 0.0687 200 0.002  |< 0.0 8.5 007, a3 < 0.00 § 0.0421 28.8 <|___0.004 <[ 00D <|  10.0004 < 00" 00341 |
LILU! Tuastiay, July 58, 2000 445 181.8 000 0.0 <| 0002 0.019 .56 000z [= 000 0.002 |« .0 11.6 013 J2 < 0.00! 14 0.0757 654 < 0.004 =i D00 < .0004 0.00 00235
LU Tussday, Augugt 222000 5 1868 012 0024 J<I oo 0,004 .00 0.0457 .00z 0008 |« It 217 008 78 <|_Dao 23,1 0767 100 < 004 |<[ Do <| _ 0.0004 0.002 0.0483
ULy swnuai. ﬁaéamhrﬁ.zuun 45 191.8 013 ] 0.028 0.004 0032 .46 0.0527  |= .00 0.004 < 0.0: 20.8 008 127 < .00 25 0.118 47 < 004 <[ 000 <| 00004 0,002 0.142
ULy Wadngaciay) July 04, 2001 4 232.9 .009 0472 [« D.002 0.038 4.28 0624 _|< 001 D.00B 0.04 20, 0.013 265 <] G.oot 5.8 0,74 10 007 |<[ 000 <] 0.0004 <[ oo 0.0163
LILL Thursday, August 02, 2001 4.3 236.6 0,011 0.014 < 0,002 0.08 2434 D.166 001 0.008 < 0.03 1B, <| 0,004 4 96 < D.007 3 0107 22 < 0.004 < 0,50 < 0,0004 < .0 0.0823
LY 'Saturday, Seplember 01, 2607 4. 240.9 0.008 0008 (<] o.x02 0,035 2,59 0.0847 [« 007 D006 [« [0.03 18; 0.007 9.7 <| _ D.001 3.2 Xi 26 <| 0004 0004 _J<”C.0004 <__0.00 0.0385
ULL Sunday, July 67, 2002 a4 281.9 0.059 0.3 0.00156 0.02 1,52 [ 0.01 0.016 124 <[ D002 204 | 0.007 8.0 K 204 <| __0.0005 i 00074 <] 0.005 0.0D! 0.086__|< 0,01
LLL Friday, August 46, 2002 3 2006 0021 <0.7 10003 0.020 32 0373 n.ogz 0.0074 22,5 0.0007 1.69 <] 0.0007 5.5 .0 .8 <| D.00005 ‘ 0.004 <|  0.0006 0.0007 £.033 < 0.0
Iaximum 0.058 . 1 0,05 0,038 2 41 1.01 0.D18 1 124 0.013 2,65 < 0.01 1510 0.4 -210 0,007 0,004 1 0.01 0,332
Minlmurr; 001 0.008 0.0008 0,015 1.52 0.002 _ [<[ 0.001 0002 [e[ 008 " B2 0.0067 103 <] Dn.oooq 3 0.021 23 <] _D.0oons |< 'n.rus <|__0.0004 < oomoz ] | 00132
\RGHIFEEACH RATES A | IS [ I o e i O [ B ; A 0 vy K | S iy e I/ S e 1 I W e o | i T i TN O 5l e e o (i Wit I”-' o R T DA R Ml Ay I-‘m A 30| MRy
UL Wednecday, June 18, 1997 0,000042 0.0042 0.000212 0.081 017 0.00004 0.00004 0.0042 017 000004 641 0.0HT f : 0.004 0.00004 0,0007
Lt |Wednesdey, Auguat 27, 1997 4.000030 0,0080 n.0uo150 0.033 0.005 (00003 000009 0.00:30 9.06 0.00003 .85 0.0006 L 0.003 0.00003 00002
WLt Fridey, Saptsmber 12, 1997 0.000 118 0.0416 0.000580 0.232 0.035 1.00012 0.00012 0.0116 0.35 0.00012 9.85 . 0.003g ’ 0.01 0.0001 o.0an8
UL Saiuday, Jung 06, 1998 0.000082 0.000§ 0,000018 0.40t121 0.044 0.00B 070003 D.00004 0.0006 0.07 00005 0.0112 0.00001 1.74 00007 .26 £.00002 000002 £.00001 0,0000 0.0006
FET] Mondey, .July 13, 1005 D.00D74 0.0015 0,0DD040 0.0004 033 0.002 000060 0.00006 0006 12 00008 0.0308 0.00002 0.950 0,0008 60 00008 0.00008 0.000052 0,000020 0003
LU Fridey, August 21, 1888 0.00022 0.0008 000043 0,000F 037 0,001 000043 000004 0008 Kl 00015 0.0358 0.00002 4002 0.0010 50 ,00009 .0D0DE 0000019 0.000022 0003
ULy Wednesday, Saptember 16, 1958 000073 Toa18 0000033 0,000 0,083 0,000 D.000D33 0.00008 0005 20 00007 £.0344 0.05002 2519 0.0008 039 00007 C0005 0.000022 0.000038 0.0004
VKX Tuesday, June 15, 1880 0.00004 0.0001 0,000007 0.0007 0.0 0.005 0.000064 0.00002 0007 .08 0.0000 0.0042 ©.00000 L1728 0.0004 0.30 0.00081 00001 0.000007 0.000004 00012
ULLH Satumay, Aupuet 07, 199 0.0001D 0.0002 0.000032 0,0003 0.021 0.001 0.000011 000003 0.0003 0,12 0.00004 0.0153 0.00001 01787 0.0005 0.94 0.00004 0.00003 £.000004 a.b00011 0,0002
ULU1 Wednegdoy, Ssptember 08, 1895 0.00014 0004 0.000057 0,0004 046 0.002 0000028 0.00008 0.0008 0.24 000020 0.0296 0.00003 1724 0.0012 0.86 0.00011 0.00009 0.0000 0.600028 0.0010
WL Tuesday, Jidy 18, 2060 oopons || 00000 0,000004 0.0000 006 0.000 0.000002 £.00000 1.0001 0.02 c.0o002 0.0033 0.00000 L0267 0.0001 0.12 0.00001 00001 0.000D 0.000002 1.00005
ULU1 [useday, Auguat 22 2000 0.00M2 0.0002 £.000078 0.000% 069 0.000 000019 £.00008 0.0003 ¥ 0.00005 0172 000004 .2233 0.0016 184 0.00004 00003 0.000004 0.000048 0.0006
LiLU Suncsy, Septembey 7, 2000 0.00023 2.0005 £.000070 0,0006 118 0,004 000018 00007 0.0005 .37 0.00018 0223 0,00002 8850 0.0021 2,58 0.00007 .000DS 000007 000035 0.0025
ULU4 Wednestay, July 04,2001 D.00007 0.0038 0.000075 0.0G03 052 1.005 000008 00008 0.0003 .16 0.00010 D200 6.00001 0514 0.0018 59 0.00006 00002 0.000003 00DG0E 0.0001
UL Thursday, Aunuet 02, 2004 . 0.00038 0.0005 0000085 0.0010 077 0.005 0.000053 00026 £.0010 .50 0.00013 .OE49 0.00003 0984 0.0035 .00 0.00013 £.00010 0.008D13 0.000033 00020
ULt Saturday, September 01, 2001 0.00016 0.0002 000041 —0.0007 0.053 0.002 0.0000Z0 00012 10,0005 0.39 0,00014 0348 0.00002 0655 0.0021 258 0.00DDB £,00008 0.000008 0.600020 5.,0008
Meximum 0,000 36 0.0116 0.00053 0.6010 0,232 0.085 0.00012 0.0003 09116 0.50 0.00120 0.0648 < 0.00012 .05 0.0038 400 0.00013 0.0001 b.01 0.0001 0.0025
[Minimum 0,000 0.00002 0.008002 0.00004 0.006__ 0000004 |<|_o.000802 0,000 |<| 00001 0.02 0.00001 00033 |<|_0,000052 0.0257 2,0001 017 =] 0.000008 [<| 0.00001 {<|_v.000001 <[ 0.000002 0.00085
!
CTGHEIC UM CATIVE T E RCT ORI BT i R B W vl B R i g, VTR, | i e P B O 5 L] T L e e L e Ol Wk Tl ETrraE] 0 s O O o W M e o e L]
ULy’ Wednasday, June 18, 1997 1.00093 0,083 0.0047 177 0.38 0,0008 0.0009 0.083 5.7 0.0008 141 0,088 b 0.093 0.0008 0.5
uLug! Wedneaday, August 27, 1897 000125 0123 0.0062 2.10 0.44 b.ob12 0.0012 0.123 4.3 0,0012 167 D.044 }. 0,123 40012 0016
i Friday, Seplember 12, 1997 0.00150 150 0.0078 284 .62 L0018 0.0015 Al 51 D.0015 180 0.053 150 00019 C.018
[S/4E] Safurday, Juna DE, 1998 0.00463 167 0.00872 0.0080 4.729 .82 0026 0.0028 ATE 1.8 0.0020 0.424 00017 246 0,078 10.0 10,0009 0.0007 . 0.150 0.0022 0.040
LILU pinnday, July 43, 1098 D.00557 175 0.00B4 0103 447 .83 .0028 0.0032 T8 .6 0.0024 .588 0.0018 251 0.082 43, 0.00138 .00! 151 0.0023 0.042
ULU Friday Aupust 21, 1988 D.00655 78 0.0088 0180 4.67 0.84 0.0632 0.0034 0.18% 5.6 ,0033 172 00019 258 D.0BE 1E. 0.0018 00 0.164 0024 0.044
[V, Wodnesday, Septermber 16, 1688 0.,0070% 185 0.0087 0.0149 4,80 0,84 0.0083 £,0047 0183 10.3 0.0035 698 0020 254 0.091 17 0,0020 00! 0.151 L0025 0046
[ Tizegday) Juns 14, 1989 .0DRE3 0.188 0.0000 0183 L 02 0.0034 0.0/ 0.187 128 0.004; 105 D022 261 D.108 204 0.0026 0.0020 0,151 L0027 0.083
LU Selurday, August 07, 1899 0.00835 RED 0.0085 L0212 B .02 1.0035 10,004 0.180 154 0.0044 A7 0022 262 0.110 -41.8 0.0020 0,002 0,451 0027 0.085
ULU 0.01080 0,192 0.0085 0232 588 1.03 0.0037 0 0484 145 005 81 0.0024 263 0.11E 54 0.002E 0026 0151 2.0028 0.088
UL Tuesday .luly 18 2000 001051 0.193 0.0087 L0248 6.4 1.03 L0037 .00 0.196 158 0064 A5 0.0024 284 0,122 4. 0.0038 002 0.151 L0030 0.
ULU1 Tueaclay, Augusl 22, 2000 00110 D.164 088 0264 [T 03 0038 ,0055 0108 1645 Q0ET 164 0.0025 265 128 0: 0,004 008! 0.151 0034 D.
ULUS Sundey, Sapiemiber 17, 2000 01212 0188 0101 0,0280 5.99 04 0038 [ 0.200 18.2 0074 1.54 0.0026 267 0,139 [i7X 0.0043 .08 0.151 .0032 o
LU Wednascay, July 04 2001 0148 34 0107 £.03D 9.82 .23 [.0052 .0ces 0.213 24.6 0114 248 0,0029 269 0.1€3 127 0.0085 004 18, ,0033 012
UL | Thuraday, August 02, 2001 DO1B4E | | 1844 .0110 0.044 8,65 25 0,0044 .0094 0.7 26.8 0120 274 0.0030 270 0,208 144 0.0070 D.0046 .15 0037 0,13
ULt Saturiay, September 01, 2001 0.07716 34 0192 0.047 6,80 .26 0.0044 0089 0.218 20.5 0126 2.60 0.0037 270 0.217 56 0.0074 u.t:ms 015 P.00SA 0.13
1
Note; v

! - Daia from Kiohn, 1898, Dissvived muials, ot total matls.
2 B8 PO R, 9548, Dissolved muials, not total matals,



ECHO BAY MINES L'TD.

Table & Ulu Project~

Sample Weight (kg)

Field Golumn #1 Test Data
18

[N S

-

L

L N— | S |

e

i Y i ;
o . R % ; T ] EE S R PRy _ j £k :
IS P-S0LIDE PR THM CaC03Mkg MM Sy
LA Wernoaday, darry 15, 1997 20800 €38 356
I ERIEACHATE A RPN L] SN R mgn 2 i [] N | WA (LN TR FRRE N ™ R |
Lt Wedngaday, duna 16, 1857 22 2 ‘ 524 o
UL ! Wedngoday, Auguet 27, 1857 hli] a2 302 !
iy Friday, Seploriber 12, 1897 23 315 bas i
i) BaiLirday Juns 0B, 1858 36 722 235 A
(THN]] [Moncay, Jaly 73, 1988 5, 778 L] 1
LU Friday, Augusf 27, 1898 5. [EX] 52 i
LU Wednerday, Septambar 16_1008 a7 86,5 5t
W] [Tusoday, dune 15,1989 B0 125; 12
ULL Saturday, Augus 07, 1939 F 132, 5B ;
LILU Wadnesday, September OF, 1099 4.5 a7. o
LU Tuesday, July 18, 2000 44.5 [IE -1 o
LL LK Tuaselay, August 22, 2005 5 ] 241 -
UL Sunday, Seplember 37, 2000 4.5 1. 189
ULy Wednaaday, July 04, 2001 L 232, 252 .
UL Thursday, August 02, 2007 4.3 236 156 i
UL Saturdoy, Seplember 04, 2001 4.3 240 157 '
LY Suncay, July 07, 2002 44 2649 __268 810 g4 < [ 85.5 < [ 1.1 < 5 13 .
UL Fritiay, Aupust 15,2002 57 2006 < 1 208 < 5 122 12 318 <5 X <5 134 .
[ bt 5
IMirimum
i A CHIRA T S B A E TG B S W | R 1 | B I R 15t G AR | O A C 0 M D TP o vl NG| !
L1’ Wenasday, Juns 18, 1937 0014 0.0033 38 0,36 0.004 K
uLLy' WWednesday, August 27, 1997 0.007 0.0014 1.2 0.05 0.006 '
Lt Friday, Eaptambar 12, 4997 0,048 0.0085 7.2 028 029
ULLK Saturday, June 06, 1996 0.008 00048 1.3 0.0 .00
ULLA Mondey, July 18, 1988 0.4 0,0074 A 0.04 01 !
LU Fridey, August2f, 7988 | 0.020 0.0015 . 0.0 0.01 '
ULL ‘Wednestay, Septamber 16, 1858 0017 0.0044 . 0.03 0013
ULL! Tusaday, June 5, 1088 0.008 D.0008 E 0.01 0.009
ULU1 Eaturciay, Auguet 07, 1838 0.011 0.0008 08 .02 0.011 :
LU Wedneaday, Ssptember 08, 1858 0.030 £.0019 ; 0.04 0.027 .
UL Tueeday, July 18, 2000 0.003 0.0002 F [T G004 !
ULLY |Tussday, Augupl 2¢, 2000 : 0.051 0.0028 . 006 0058 3
ULLM Sunday, September 17, 2000 .01 0.0047 , G603 0.088 L
ULl Wedneaday, July 64, 2004 044 0.0013 K 0,05 0052 :
LU Thursdpy, August 02, 2001 118 0.0032 . 013 0.12¢ 4
ULt Saturdby, Septemiher 01, 2001 - E 0.08 0.085 '
i
BTG OMU ATV E I e IR AT SR Bl R O = O - P S PO o S AV | il S AP i - B O s B S G el I e i :
Wednesday, June 16, 1687 862 35 0.08 0.00 i
Wadneadny, Augusi 27, 1897 . 98.0 39 0.14 0,00 Bl
U Fritiey, Saptambor 12, 1897 ) 415 I 021 0.00 A
LU |Saturday, Jung D6, 1988 64 5 051 0.81 A
ULuA Moncay, July 13, 1998 i 87 51 41 !
ULU1 Friday, Auguet 34, 1598 77 B8 .72 .51
LU Wednesday, Enplember 16, 1098 1] 6.8 077 .56 !
ULLA Tuzsday, Jung 15, 1699 198 75 1.12 0.92 ;
LU Saturday, Augus; 07, 1998 , 203 7.6 20 1.00 '
UL Wedne sday, Septamber 0B, 1899 10 7.8 A2 112
uLU1 Tupsday, July 18, 2000 27 8.0 50 1.29 ;
ULU1 Tuesday, August 23, 2000 228 B.a 78 1.58 .
ULy 1Sundey; Ssntomber 17, 2000 . 244 a7 217 1.84 .
UL Wednosday, July 04, 2007 322 0. 4.31 4.87
ULUY Tewredey, Aupgust 02, 2007 a3 . 4.87 4.50 .
OLUT Seturday, Seplembar (1, 2001 858 X 524 4.85 +
5 deplatlon rete (miiaiwic #REFI
NP deplatlon rate (T CaCo3kghvk) 0.02¢
MNaote: Time for total § deplston (years) #REFI
}- Dala from Kiohn, 1998, Disstivad matals, not 1oel maials. Time for tofal NP depletion {years) 211
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ECHO BAY MINES LTD. '
Table 10: Ulu Project - Field Golumn #2 Test Data ‘

Sample Welght (hg) 15
| | | Fislg |
i ot
j %ﬁﬁw"i‘i’m T o His| e

ki R ] A R | o S o

\EP.80LIDE v

ULy Wadnesday, Jenuery 16,1997 15300

|GRACEACHATE ] MR 2 | IR (5 RN g e AC e e IR 7 || i N 7 i el 50 15 RS A v YO [ ) L. ! ] q ] i 1M

yLuz [Wednesday, Jurie 1B, 1887 22 22 7.72 10100 1,650 11,3 750 9000 18 39 B8 < 1 0.05 0z (<] ool < 0.002 135 [« o002 [ef poz
LU ¥, Aigust 27, 1887 10 82 7.62 2220 0450 LK) 748 2100 a0 23 151 < 1 0.10 048 <[ 001 [« <| 0001 71 < 002 < D02
Lz Fifdayy, Septembar 12, 1987 2.3 ETR 400 7.81 gr00 ) 54 209 < [] C.10 0,26 < 1.01 < < 0.001 120 < 0.02 = 0.02
ULL2 Morciay, July 13, 1988 43.3 77. 53 374 220 [] 130 0053 £.02 .36 07 [< <] 0. 0.024  |<| 0008 37 <] 00009 0.0021
iU Friday Aupuel 21, 1968 5.5 B3, 35| 243 690 6 T4 035 0.076 7% 00417 [< < 008 [<] "0.002" [<| 0.000 5.9 D000 f<] — 0.0008
UL [Wednesday, September 16, 1008 5.7 86, .68 ey D80 239 <608 0.083 .25 0614 [< < 008 D019 |<| o.000 85 <[ D0.0009 0.0028
ULL Tusedey, Juns 15, 1953 364 126.4 BA 670 2.200 — 258 <[ 0008 0,072 14 032 [< < 00 0oi7__|< 000 0 <[ 0.0000 0.0089
UL Seiurdey, August D7, 1953 7.5 1328 78 403 1.640 174 < .009 .008 .23 L0537 | < < IEE gog2 [« 0006 | [ <| 00008 |<| 00008
ULy ¥¥stnesdey, Sepiember 08, 1999 4.5 187.3 44 B02 1,845 245 < .008 012 .18 0508 = <[ _apog <] _oooe < 0008 56 <] 00006R _|<[_ 0.0008
[IY Tuseday. July 18, 2000 445 1BT.8 86 B0 1385 . A% < 009 008 KH 00T [= <] _ooog_|< 002 <] 0.0008 0 <|_o0o0e__[<[ 00008
LLU Tunzday, Augiat 22, 2000 ] 1B6.8 B4 880 0.750 - - 440 < ,00g D12 0.42 0.0588  [= <| D08 « 002 12 .0008 4B < 0008 [<|_ 0.0008
LU Surday, Beptember 17, 2000 448 1818 A 28 1.500 2 480 < 08 006 Ei 00229 [<| <] 0008 |< J02 % 0006 18 < .0008 [« L0008
L, Wodnadey. Juily 04, 2001__ 41 2823 73 06 2975 2D E21__|<| o008 0,564 BE 00308 [< < b008 076 __|<| 00006 193 |<| 00008 003
ULLK Thuraday, Auguet 02, 2007 4. 236.6 Fr3 £3 2374 - 480 017 </ nong 0.923 0.20 — 00 [= <[ 0,008 0076 _|<|__0.0008 770 3 .0009 L0012
ULz Baturday, Septamber 01, 2007 4 240.8 07| 52 1475 - 308 013 |<|___0.008 D.507 034 0.0288 |~ < _poos | 0012 |<| 00008 118 1< 0.0008 [<] D.0oom
L2 Sunday, July 07, 2002 43 2849 - 705 931 a4 423 FH 00084 0,284 0032 [< «| 90005 o5 0.00065 187 < D0B 0.0013
uLUz Eiiday, August 16, 2002 [¥d 2906 - 557 723 a7 8B7 0.1 0.014 .026 0.0071 0,377 o020 s|___0.0006 n0i7 0.00004 134 < 0005 0.0007
M 7.88 106100 430 1 0.1 0.564 0,87 0,0614 0.001 T o.008 0.024 0.002 163 0.07 0.02
Minimumn 6.73 213 74 0.008 0.006 0.323 0.11 0.01 <[ _uooo! |<| 000058 [<| .02  |<| 0,00008 34 | 00005 |<| 00007
R EEACH IRATES]| — R R | AR R 3 P N R | 7 | e s O R iy v o [ Wiy | e v | B e e B i PO O B o O 1 S e | I g i o O
uLuz Wadnesday, Juse 18, 1507 C.44 0,005 0.0003 D.0D10 0.0001 0.006008 ! D.000070 0675 0.00010 000070
LUz’ Wadnasday, August 27, 1097 0.48 0,003 0.0003 0.0014 0.00003 0.000003 i 0.tbooos 218 0.00005 0.00008
[y Fricay, September 1, 1897 242 0012 0,0042 00025 0.0001 0,00001 0.000012 591 0,00023 o008 |
LILLI2 Manday, July 13, 1988 - 0,25 .0001 D.00004 00807 0.0001 0,00000 .00D0: 0.00005 0.000001 ~ D070 4.00000 ,000004 |
ULL Friday, Augusi2d, 1988 A7 0067 B.0n0a2 D.0057 0.00082 300007 0007 D.00003 0000012 B70 0002 000016
HLL Wedneaday, Eepiembar 16, 1890 4.0 0002 0.00D65 0043 00105 0.00001 50014 000053 0.000010 1470 0.00002 000028
ULU Tusaday, Juns 15, 1998 0 0,00003 0.00005 0.0005 00016 0000007 00003 0.00003 0000002 | | D384 0.000p0 000025
ULLJ Baturday, August 07, 1839 249 0.0001 0.00073 0.003% 00078 0000608 00012 (100003 0000008 M 0600 000012
uLU \Wednestiay, Sexiember 08, 1993 65.67 " 0.0002 000033 0.0048 ,00137 0,000016 0.0002% 0.00005 0.0000 16 648 06002 00gnz3
LILLY | Tussday, July 18, 2000 0.49 0.0000 0 00002 1.0002 00008 000001 0.00002 D.00090 0.000001 207 00000 000002
LU Tussday, Auguat 22, 2000 - 4.40 0.000 D803 0.0042 .000E0 000056 C.OD00 0.00002 0.000008 1,800 00001 000005 _|
ULDZ Sunday, Saptamber 17, 2600 12,8 0.000 OG0B 0.026 .0A07E 000016 C.0002: D.00boS5 0.000018 B27 000E2 000821
ULLI2 Wadneaday, July 04, 2001 0.00 00063 0,002 0.0027 L0006 000003 00004 D.0000E 0000003 0954 00Co0 000016
uLLI2 Thuraday, Aupust 02, 2001 164 0.0008 00022 0.0119 0.031 0.00147 000022 00028 0.00065 0.000022 6.25T 00003 0.000044
ULUZ Seturday, Sepiember 01, 2007 8,78 0.0003 [TEER 0.0088 00675 B.000A3 0.000013 D0018 0,00026 0.0090%3 2478 060002 0.600018
Max(mum 16.9 00196 0.0012 0.0118 0.028 b.00147 0.0000:2 0,00p28 0.00055 0.008 02 6.20 0.00023 0.00835
MinTmum 6.25 0.0000% 008002 10,0077 0.000% 0.00003 [<[ @.000001 |«| D.00082 |<| 0.n00004 |<| 0080001 0.0 [«] o.000002 |<[ D.000002
WIEIREG UM VSTV EE ACHIRATES) RN ] ] PSS PO IO SRR PN Ol TR ST \co NN B M E AR i I O | 7 e O 5 WO O A s e /2 AtV o | R 2.
LLU2 Wednesday, June 18, 5897 : 5.68 0410 0008 0.022 0.001 000041 0.00022 4.8 0.0022 0.0022
uLuz! Wedneaday, August 27, 1857 44,2 0.140 0.009 0,036 0,001 0.00014 0.00025 T 0,0028 0.0028
uLuz! Friday, &epiember 12, 1887 b j 19.8 0,1R7 0o 0.042 6.002 0.00017 _ .00028 0.2 0.0033 0.0033
UL U2 idondey, July 13, 1998 304 A7 0073 0.07% 006 0,00022 0007 0.0020 01033 3, 0034 00036 |
{ULu2 Friday, August 27, 1838 36.5 Kki 0.015 0.700 010 0,00028 0075 | D.0022 00038 26. 0036 0.0036
uLu2 Wednoaday, September 15, 1908 537 A7 [{ G116 074 0.00032 0020 1 0.0034 00043 92, 0038 .0C38
[oLuZ ‘UsEday, June 15, 1859 3.0 D7 0018 0,136 .020 0.00041 0032 | 10,0044 D, 06052 47,2 L0037 0.0048
uLU2 Safurtiey, August 07, 1509 112 0.178 0019 G181 038 0.00047 0041 || 10.004 C.00C58 54,5 L0038 0,0048
ULLE Nednestpy Septamber D8, 1889 : 42 i 78 0,031 84 032 0.00055 000631 | 1 0.004¢ 000066 66.7 0003 005D
UL Tugsday, July 38, 2000 _ 184 .80 0022 0.185 38 0.000B0 0.0056 0051 1.00071 75.7 0040 0050
VL2 [Tuseday, August 22, 2000 186 180 0.022 0214 039 0.00063 000Gz | | 0.0052 000074 BT L0040 0051
ULL2 44 181 0023 0,331 043 00070 o071 | | D.0054 {,00081 106 004 0052
H Ly 304 0.024 A2 0.048 .G0082 0.0087 i 0.0086 0.00083 45 M L0058
il H .A07 025 AB0 0,055 00082 0.0100 0308 0.00103 172 0045 0060
u 45 309 0026 520 0.068 00097 0.0107 0.0124 000108 182 0045 0081

Note:
T- Bata Trom Kichn, 1988, Dissolved motals, nol 108l matale.
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ECHO BAY MINES LTD.
Table 10: Ulu Projest - Field Column #2 Test Data |

Sample Welght (kg) 15 |
- ] ] [ T 1
AT i 3y
Coppriz.
et A -
e R R P b i e e T E B e [ oy [ o [ b
ICPSOLIDS m Epm m PEm ppm ppm m _ppm PEI ppm m
ULy Warinesday, Jaauary 15, 1087 _EQE A7100 EéL [ 398 880 EE‘.%E < oz 700 | 10 L
CPIEAGHA ] 7 N O Ny i | 3TN | N CIC G LN [y R LR 0 P L O S Lo | v 7| | 7 ] LIRSV O R | [] AR KN O G L) firizes
LLU2 Wedneady, June 15, 1887 22 2 < om ¢ 1 < DA 20 48 f<| 001 <[ om_ |< 1 a6 < 00 1840 0.42 ! < 1 | L 0.04
ULU2 Wednasday, August 27, 1857 10 a2 < oo [« -« = 0608 &0 C s [« 0.0 = om|= 1 15 <[ o 60 0.1 ] < 1 <| o0 0.01
luLug? Fridey, Saptamber 12, 1987 2.5 M, < 0.01 < 1 < 0.05 5.0 L] « 0.01 < 0.01 < 1 20 < 0.01 60 0.21 -l < 1 = 0.0 0,03
oLl Monday, Joly 713, 1898 433 77, 0.031 0085 |< 02 0,525 .23 0,388 D0.003 000 [« IiE] 7.7 <[00 187 <o 438 0.04A4 A48 [=] Do < 003 0.0016 0.002 0.0259
ULU Fridewy, August 21, 1690 5.5 83, 0.029 o8 = 002 .017 5 0,007 |< 0.001 002 = 03 6.6 <[ 0.00 0708 [<[ .00 [ 0.0382 25, <[ nud_[< 02 <] .00 0.002 00207
LU Wetinasdey September 15, 1598 37 8B, 0,038 D34 003 047 4.48 045 0,003 0.007 | <] .03 188 <{ 0,004 2.8 <[ 0.00 877 0,0927 B2, 0,005 = .003 < 0004 0.001 0.0430
LILU Tuesday, June 15, 7999 384 1253 0.042 015 [« 002 034 .14 0.862 0,007 0006 _ [ = .03 4 016 1,22 <] 000 499 0,705 83, <] 0004 <[ 0008 |< o004 < D001 438
UL Saiuday, Augusi 07, 1989 75 1328 0.023 1 0018 |= 002 026 27 10,0369 .E0S DO [< 0,03 K < 004 1.51 < 000 15.7 10,0638 55, < 0008 <] Do = 004 &.002 0244
L1 Wednosday, September 0B, 3090 45 LG 0014 | {0024 0.003 036 ERF 0.004_ |< X 003 [« ooa E < 604 T T 33 0,002 784 0,008 <] 000 |< 0004 <__0.00 0.0216
LU Tussday, July 18, 2000 44.5 181,87 0.016 CoT4  [<] 0002 0.02 .39 0014 | < .00 .00z [=< 0.03 .7 < .004 1.32 2| 000 154 - 0.0822 BZ < 004 J<]  0.0p8 = 004 0.001 0.0137
LUz Tuesrny, Auuni 22, Z000 5 1868 622 _fod = 003 .02 472 Tii] .00 5005 J<| 0,08 7 < 00 142 |=<[__ 000 7.8 18 751 < o0 (2] ooid [<| ©oom 0,001 0.0176
LiLU2 Bunday, Seplembsr 17, 2000 45 181.8 018 0022 [« 002 0,023 4,57 .0058 0. 0,005 = 0.05 B <] .004 53 <|___0.00 9.8 16 168 0005 [% D.003 [« 0.0004 .002 0.0146
ULLZ [Wednsaday, July G4, 200§ L] 232.8 M5 T 0035 < D00z 0.028 4.77 P .00 0,00 027 5 [<]__o00s B4 f<| 000 8 138 166__|<! _0.00¢ [<| 0008 [<| _0.0004 <[ 0,007 00787
v Thuredey, August 02, 2001 4. 238, 013 901 < 002 0,03 463 00586 |« 00 .00 = 0.03 ] 0.01 e <|___0.00 3 118 47 T 0.008 _|< .0004 =< 01 0.0188
LIL| Sl rday, Seplamber 01, 2001 4. 240 .B0B 0008 [<| GO0z 0.024 Kk 0007 [< .00 0.0 = 0.03 6. <[ n.00¢ .52 <[ 000 -8 0.07e8 845 |<[ 0004 = 0.003  |< .0004 = 001 0.0148
UL L Sunday. July 07 2002 41 D84} 018 0.24 00074 G024 339 0065 |<|___ 0.00 0.0027 21, 0.0008 89 [<[ d.0o01 4.3 0.12" 74 <] 000006 . 0048 |<I""30008 || 0.0004 0018 [=<] _obm
UL Friday, August 16, D02 6.7 2504 0.01 0.2 00082 0.025 22 0.07p 0.002 0.0021 K <[ 0fit0z 165~ <[ o.nom 2, 107 114 <|__ 1000005 T 0048 [<| «p.000T 0.0003 0.003__ [« "0.009
T
Maximum D642 1 0.05 0.047 20 4.8 0.01 001 1 45 0016 218 < 0.01 1630 0.42 166 0.006 0403 [] 001 0.0335
M inlmuim 0.01 B.00E 0.0602 0.017 1.89 0001 <] o001 0.002__|<| 003 55 8,0002 077 <] ouom 2 0,835 25 <| _omeoos [<]_ 0003 _{<] 1.0004 <[ _0.0008 0.0050
-
UIIE EACH IRATES R o s | ST | o v O WV O | W | RV g g v 0 | B o | P O e T g I e M PO v P | R P o ol | W i oo i X 1w W v o e W W | | Iy A RSN g | g i Wi o Avic | 8 M e P I
LUz Wadnasday, Juris 18, 1997 __ 0.00005 0005 0.00025 0.0 0.025 000005 0.0001 0.005 033 0,00005 815 0.002 : 0,005 0.0000F 0.0002
ULz’ Wednseday, Auguat 27,1087 0.00002 0003 0.00015 0.02 0.006 0.00003 0,0000 0,003 0.05 0.0DD03 1.08 0.000 . 0,003 |__0.00008 0,00608
uLuz' Friday, Sepismber 12, 1907 0.00072 [T 0.0005 .17 D.036 0.00072 0.0001 0.0i2 0.23 0.00012 7.58 D.002 - 0.012 0.0001 2 0.00035
ULUZ WMonday, July 15, 1998 0.00066_ | |~ o.0001 0.0 0.00005 .00 0,0007 0.00007 00000 0.0007 [ 000001 NiE) 0.106002 0.05 0007 0,084 0001 10,0000 00000 0.000004 JiNiK]
CAY] m a.00047 [-] 000032 B:00004 0.0003 .03 0.0001 000020 0.0000 0.0008 0.11 0.00008 .015 0.00002 [EE] 0008 0.50 .000CH 0,00006 0.000008 0.000040 0004
ULL12 (Wednesday, Sealomber 16, 1908 000045 | | 0.00058 50005 0,0008 .8 000 .GO0051 000 00005 .32 0.00007 Fd 0,00002 .88 0016 142 00008 Q005 0.000007 0.000017 0008
LLLU [Tussday Juno 15,1008 D.C0D76. 00006 000G 00001 a2 0.00; ).000004 0.000] 10,0067 .08 0.00005 005 0.00000 .18 0004 36 .boonz 0onpi 000002 000004 .0002
L Selrday, August 07, 1999 0.00034 00019 00003 0.0004 0.0¢ 0.00) 0.0D0G4+ 000 0.0004 .20 000005 022 0,00007 20 00os I 00005 00004 000006 000029 o4
LLL Wadreaday, Sepember 0%, 1990 . D003E 0.00068 00008 007 0.05 Yl 0.000027 0001 0.000B 0,43 000 042 0.00003 E 0022 KL 00075 0508 000017 000027 0008
UL ugsclay, July 18, 2000 : 0.00003 0.00003 0000 0000 0.01 .0000 000002 0080 0.0001 0,03 000 .008 2.00000 0.03 0002 D18 00001 00001 000037 ,000002 0,00008
LILU Tusedsy August22, 2000 0.00022 00073 00002 .0002 0.0 0001 000010 0001 0.0008 .18 000104 .04 0.00001 008 0012 15 0.00004 00603 006004 -1_D.000010_ 0002
ULy Sundey, Sapjember 17, 2000 00057 G.00059 0.00005 0.0005 0.1 .0004 000053 .0001 L0008 .50 L0001 041 0.00003 028 0031 4.08 0.60013 00008 0000011 .000053 0004
LLU Wodnesday, July 04, 2001 n.00007 00047 0.00007 0,008 .02 .0012 000005 0000 o011 0.08 00007 008 0,00000 0.03 007 A0 0.00002 . 0000% 0.000002 000005 000
OLU2 Thuraday _Aupusi 03, 2007 0.00048_| | ©.00037 000067 0.00% .10 0020 D00DS7 0003 0011 070 000057 075 000004 041 0.0044 Al 0.46016 00077 0.000015 000037 0.0007
ULUz Sefurdey, Sspiernber 07, 2007 000018 Q.00018 000004 0.000 X} 002 00052 0001 0007 .36 000069 055 0.00002 0.04 0.0017 07 000008 00007 0.000005 | _0.000022 0,0003
Ea |
1
Maximum 0,00057 60116 £.00057077 0.0011 0.174 0.038 0.00012 00003 [XF .70 0.00087 00720 [<f o.00012 BAE 0.0044 5.41 0.00015 0.0001 0.01 , 00801 __0.0008
Minlmurn 0.bR003 005008 0.000004 2,00004 0.004 0.000003_ [« 000002 0.000 "~ [<| 10,0001 .01 0,00007 0,0025__|<| 0000002 0.0Z88 0.0001 0.08__ (<[ 6.000008 |<| 008601 [<| D.000001 <} D.0vonD2 0.0000%
WEIM'@HIBWES [ I iy B TN 8| O R O o ) | G Vel A L L ] VST R =i | I Gl 9% I 5 W A BT s o W | - s 0l B v i [l i IR 0 EOT 5/ . DA N BT
UL L2 [ Wednesday, June 78 1987 0.001 0110 0.0055 2.20 0.5¢ D.0011 02,0011 0.110 4.95 0.0041 179.3 0,046 i 2.110 00011 0.004
ETE Wedneaday, August 27, 1897 0.001 0,140 09070 244 050 0.0014 0.0014 0140 40 00014 80,1 050 XTI 0.0044 0,005
ULz’ Eriday, September 12, 1937 0.002 __DA87 0,0083 2.84 .57 0017 0,007 0187 .63 0.0017 207.7 053 il 0,167 00017 0,008
LU ondiy, July 19, 1608 0,604 0171 0.0085 0,602t 3.02 0.7 L0078 0.0072 D158 56 0.0003 0429 000417 1, 058 5.65 0,000 0.0002 16T 0.0078 0,008
UL Friday, August 27, 7998 .00; 073 0.0087 0039 327 .7 0020 00021 0172 AL 0.0008 0.212 0073 3. 088 G.3! 000 0008 [ 167 0020 0.0
UL Wednssday, September 16, 1998 D00 0175 0.0068 0059 349 XE 0022 0,0028 074 58 0.0070 0,550 00ig B 059 1, 0007 L0008 TR 002 0.0
UL [Tueadey, Juria 15, 1865 07 KFid 0082 0778 424 86 00024 0.0033 0478 0.7 1.003% 0579 0021 284, 0.0E4 25: T TTIE: 67 025 0.0
LILU <|&'MHMJ_L_1M_.& .01 - 179 0094 014 454 88 10,0097 00038 D.182 12.2 0038 0.694 0022 225 6 0.0 314 0,0021 0015 D167 0025 0228
LLLY 07 . KEF] 0098 017 4,92 88 0028 00042 166 . 0043 0.684 5023 237, D.107 47.0 0025 0019 67 0.0025 0.035
LU [Tueatny, July 15, 2000 020 0.183 010 019 522 0.88 .0028 0043 0.188 15, 0046 1.00 0024 228.4 0.109 4B, 0052 0.0022 167 0.0027 .026
LLL Lusadey, August 22, 2000 .02 D184 0101 02Dy 543 ~_ 0Es 0028 0046 0.130 16.4 G048 .07 0,024 228, 115 56, 0034 10,0023 167 0.0027 027
ulo Sundgy, Ssplember 17, 2000 024 185 0103 0284 5.00 &0 0032 0.0053 0.183 187 B06S 125 0.0026 220.4 128 74,3 004 0.0027 67 0,003 023
= Wednegday, July 04, 2001 .02 163 0407 0,0286 42 ER 0034 0066 0.297 225 0084 1.82 0.6028 231, A5G o7 L0048 0.003% 0,167 0,0052 .032
Thursday Aupust 02, 2004 029 0.185 05110 0.0353 23 E) 0.0035 L0077 0242 25.5 L0077 1.98 0.0029 2916 475 ap 0054 0.0087 0,767 0.0083 0.035
ULU Saturday, Ssptember 07, 2007 0,020 0.185 00112 10,0356 730 084 0.0038 008D 0245 270 0057 2,08 0.0030 2317 182 30 053 0.0040 0.167 00034 0,057

Note: |
T D from Klohn, 1995, Diasolved metmle, no: 8 frsals, “
I

|
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ECHO BAY MINES LTD,

Table 10: Ulu Project - Flald Colurmn #2 Test Data

L

_

—_— ——— | SN | i | S|

—

Sample Welght (ke) 15
I ]
MGas 5 NATIEK!
i B | B s O Mty ESDSernebe
ICP-80LIDS ppm mM CaCO03ky
uLL? Wednesday, Januery 15, 1897 20800 658
ICPIEAGHATE] PO C A | [ A
LLUZ Wednastday, June 18, 1997 22 22 895
uLLR! Wednpaday, August 27 1997 10 33 267
uiuz’ Friday, Septamber 12, 1097 2 34.5 AT
uLuz Monday, July 13, 1998 43. 77 85
[TTNNE] Fricey, Auagui 21, 1955 5.5 EER 47
uLu2 Wedneeday Sepiembar 16, 1988 ar 86.6 128
ULUZ Tueaday, June 18, 7985 3B.5 253 138 4
ULz et ray, Augusi 07, 1888 75 528 35 ‘
ULz Viedneaday, Seplambsr 03, 1568 (X 13 114 !
ULz Tuahtiay, July <8, 2060 445 B4 120 !
LUz [Taeeday, Auguat 22, 2000 868 hLTd J
ULU2 Sunday, Sadtember 17, 2000 87,3 200 ;
ULUZ Wadnasday, July 04, 3001 252.3 210 .
ULz [Thuradey, August 02, 2001 555 184
ULLY; Eaturdey, September 07, 2001 40, 124
[N} Sunday, July 07, 2002 264,6 <| 5 203
UEU: Fricay, dupuat 16, 2002 2908 5 145
Maximum
Minimum
VN2 FMERCHIRATES L T ] [ e ] G B MY G0 3. ol | e N
L2 Wodnesday, June 18, 1987 0.011 50 0.20 5.005
LLu2’ Wadnosdey, Aupust 27, 1097 0.005 0.8 0.03 0,065
uLuz! Friday, Saptember 12, 1887 0.035 55 0.21 0.025
ULU! ondiey, July 13, 1988 0.002 0.1 0,00 003
UL, Fritiey, Auguiet 31, 7098 D.097 0.8 003 07
ULL: Wadnasday, Saptember 16, 1988 0,037 . 0.07 043
ULLZ [Tuaday, June 15,1999 0.010 X 002 01
ULL2 smumag Anguat 07, 1889 0,025 ; 0.03 0.008
ULLI2 Wedneaday, September 08, 1059 0.0BB . 0.08 0.071
ULUZ Tusacay, July 18, 9000 0,005 2 .01 0.005
ULLIZ Tugsday, Aupuet 22, 2000 045 0 05 0.045
UL Sunday, Sepiamber 17, 2000 120 53 A4 0.13:
luLL2 Wadneadey, July 04, 2001 , 025 1.0 .03 .00
uLLUZ Thurselay, August 02, 2007 0,156 6.8 i 017!
uLuz Seturday, Seplember 09, 2001 11062 2.7 a7 .07
Meximum
Minimum
R TSV ENE A G DA TS, TR IR W O C ST I Rl i DA
uLLR Wedneaday, June 18, 1887 109 44 0.0
LU Wednssday, Augusl 27, 1997 117 47 0.5
Ly Fridsy, September 12, 1997 130 52 0.21
uLu2 Monday, July 13, 1598 35 54 0.92
ULGZ Friday, Auguet21, 1698 40 55 0.40
[ULu2 Wadnestlay, September 36, 1998 48 5.8 0.56
LLU2 Tussday, June 15, 1990 169 B4 .87
WLUZ Semny, August 07, 1098 178 68 16
ULLZ Wadnegtiay, September 05 12895 152 T AR
uLu2 Tussday, July 18, 2000 203 7 7
ULli2 218 7 84
uLuz2 237 2.54
uLu2 278 2.64
uLU2 [Thursday, Aupust 02, 2007 307 .4 5.30
UL [Saturday, Seplambser 01, 2004 318 10.2 360
S deplation rate {mMAsgivk} oms
NP deqlslion rate (mM CaCO3kgiwk) m.0a0
Note: Time for fatal 8 depletion (years) 450
T Daia from Kiohn, 799, Diseolved maials, not total matals, Time for total NP depletien {yesra) 207
-—-L-—.._-___
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Figure 2: Field Golumn #1
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Figure 3: Field Column #1
Release Rates
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Figure 4: Field Column #1
Cumulative S and NP Molar Release Rates
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Figure 5: Field Column #2
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Figure 6: Field Column #2
Release Rates
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Figure 7: Field Column #2
Cumuiative § and NP Molar Release Rates
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Figure 16: NP vs Sulphate Production Rates
for Coarse Ore Kinetic Tests
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Figure 17: NP vs Sulphate Production Rates Ore Fietd Column 1
for all Kinefic Tests
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Figure 18: Sulphate vs Arsenic Production Rates
for Coarse Ore Kinetic Tests
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Figure 19: Sulphate vs Arsenic Production Rates
for all Kinetic Tests
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