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1.0 INTRODUCTION

B.Y.G. Natural Resources operates a gold mine at Mt. Nansen, located west of Carmacks,
YT with water use and waste disposal regulated under water licence QZ94-004 issued by

the Yukon Territory Water Board.

Amendment number three was issued on February 25, 1998 to provide temporary relief
from the fish toxicity standard for effluent from the water treatment plant. Part J, Items

53 and 54 of the amendment included the following reporting conditions:

53. No later than June 30, 1998, the Licensee shall submit a “1998 Effluent
Quality Analysis Report to the Board. The report shall be prepared by an
independent qualified part and shall be certified by an engineer who is
certified to practice in the Yukon.

54.  The report shall be sufficiently detailed so as to provide assurance of
compliance with all of the effluent quality standards enumerated in Part E
of this licence, for the duration of this licence and shall include at a

minimum:

i) A detailed analysis of the conditions, actions, factors and
circumstances that culminated in the emergency application for

relief from the LCs fish toxicity standard and

ii) Details of the actions that have been taken and recommendations
for actions that can be taken to ensure that all effluent standards in
the licence will be met for the duration of the licence and to

minimize inflows to the tailings pond and
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i) Clear statements of the actions that will be taken, including
schedules for completion and detailed explanations for any actions

that are recommended but will not be implemented.

Vista Engineering in conjunction with Conestoga-Rovers and Associates of Waterloo,
Ontario were retained in October 1997 to assist B.Y.G. Natural Resources Inc. to
evaluate the existing water treatment plant and provide recommendations for
improvements for generating compliant effluent on a consistent basis. Vista Engineering
was also retained to undertake an engineering evaluation of methods to reduce to surface

water inflow to the tailings pond.

In partial fulfillment of the above noted water licence amendment conditions, the

following reports were submitted by Vista Engineering:

- Mt. Nansen Gold Mine Water Treatment Plant Upgrade Final Report, March 10,
1998 (appendix 1) and

Mt. Nansen Gold Mine Tailings Impoundment Drainage Control Evaluation,

February 24, 1998 ( appendix 2).

B.Y.G. Natural Resources Inc. has also submitted regular reports which include effluent
quality data and other environmental information (appendix 3).

The report on the water treatment plant documents the events leading up to the request
for the amendment and provides a technical analysis of the water treatment plant to
determine the reasons why the effluent did not meet the LC50 toxicity test. The report
also summarizes the improvements that had been made to the plant and operational

recommendations for improving effluent quality.

290-08 Page 3 of 15 15/07/98



BYG Natural 1998 EFFLUENT QUALITY Vista
Resources Inc. ANALYSIS REPORT Engineering

The Drainage Control Evaluation report provided an engineering analysis of the
performance of the tailings impoundment. Specifically, the intent of the analysis was to
determine the reasons for the unexpected high volumes of water entering the
impoundment. The report developed alternatives for reducing the amount of runoff

entering the impoundment.

Vista Engineering was requested by B.Y.G. Natural Resources Inc. on July 2, 1998 to
summarize available information in a report that specifically addressed the requirements

of licence amendment number three.

This report is organized into sections which address each item of the licence amendment

as follows:
1.0 Introduction
2.0 Background for Licence Amendment Request
3.0 Evaluation of Causes for Water Treatment Plant Effluent Toxicity
4.0 Summary of Improvements to Improve Efﬂuent Quality
5.0 Summary of Improvements to Reduce Inflows into Tailings Pond
6.0 Future Actions and Schedules

The reader is referred to the information contained in the appendices for additional

information on these items.
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2.0 BACKGROUND FOR LICENCE AMMENDMENT REQUEST

A 270,000 cubic meter capacity impoundment facility provides storage of tailings and
process water for the Mt. Nansen Mine mill. By the end of 1997, the tailings

impoundment had received approximately 90,000 cubic of tailings.

The tailings facility was commissioned in October 1996 and began collecting tailings and
surface runoff waters. During the 1997 spring melt, it became apparent that considerable
surface runoff waters were entering the tailings impoundment and could reduce volume

available to store tailings.

Analysis of the tailings impoundment water balance model identified that the original
model did not account for seepage from the diversion ditches. It was estimated that this
seepage could result in an additional 100,000 to 200,000 cubic meters of surface water

entering the tailings impoundment.

B.Y.G. Natural Resources Inc. originally planned to construct a water treatment plant
during the third year of operation to treat water in the tailings pond. The rate of increase
of water level during the spring of 1997 was high enough that company officials made
the decision to begin construction of a water treatment plant ahead of schedule as a

contingency in the event that water levels kept increasing over summer months.

Monitoring of water levels during the summer of 1997 confirmed the need for treatment
and an application was made to the Yukon Territory Water to commission the water

treatment plant.

The Water Board approved this request with the requirement that the effluent from the

plant met discharge criteria as identified in the water license.
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The plant was commissioned but it was found that it was difficult to meet effluent criteria
for biotoxicity using tests prescribed in the water license. The company retained the
services of consultants from Inco, Connestoga Rovers and Associates and Vista

Engineering to assist with trouble shooting the plant.

Connestoga Rovers and Associates modeled the treatment process in their laboratory.
Based on tests using tailings pond water, it was determined that the process would not be
capable of meeting the biotoxicity standards as required in the water licence without
dilution. This conclusion was confirmed by process engineers from INCO Canada, the

patent holders of the INCO SO, — Air process used in the water treatment plant.

The consultants also identified that the most likely cause for toxicity was either cyanates
or ammonia in the effluent, both of which are by-products of the cyanide destruction
process. Alternatives for removal of these by-products were not considered feasible for
application at the Mt. Nansen site due to the potential for environmental impact and

safety concerns associated with the processes.

It was also identified that both cyanates and ammonia are non-persistent compounds and
readily volatize when exposed to the atmosphere. Due to the length of drainage channel
which conveyed the effluent prior to entering any fish bearing waters, it was identified
that the concentrations of these compounds would be reduced significantly by
volatilization. As well, significant dilution was available in the downstream channel

which would further reduce any potential impact on fish.

The evaluation of the water treatment plant also generated recommendations for
improving efficiency and reliability of the plant to meet other effluent requirements.
These recommendations were implemented resulting in an extensive over-haul and

upgrading to the water treatment plant.
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By early 1998, it became apparent that there was significant potential for water level to
exceed the spillway invert elevation if measures were not implemented to treat and

discharge water to the environment.

Officials from the Water Resources Division of the Department of Indian and Northern
Affairs initially supported the operation of the water treatment plant using Victoria Creek
water to dilute the final effluent in order to meet bio-toxicity tests. After an initial period
of operation, the Water Board ruled that the existing water licence did not allow for

company to use dilution water and an amendment was required.

B.Y.G. Natural Resources Inc. applied to the Water Board for an emergency amendment
to waive the requirements of the bio-toxicity test. The Water Board issued amendment

number three which allowed for the discharge of treated water with the requirement that
the discharge meet all effluent criteria with the exception of the bio-toxicity test for a

limited period of time.

During the operation of the water treatment plant during the term of the amendment, fish
toxicity tests were undertaken on a regular basis. It was found that the toxicity of the
effluent was decreasing and at the present time the effluent meets all licence parameters

including fish bio-toxicity.

The decrease in toxicity has been linked to a reduction in cyanide concentrations in the
tailings impoundment and the on-set of warmer weather. The decrease in cyanide
concentrations is a result of improvements to the cyanide destruction process for the mill
circuit completed during the work to upgrade the water treatment plant. Warmer
weather has had the impact of improving water treatment plant efficiency and reducing
levels of ammonia and cyanates in the tailings pond as well as promoting natural

destruction of cyanide.
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The water treatment plant has since been in operation with effluent meeting all licence
parameters on a consistent basis. It is expected that the quality of the water contained in

the tailings.impoundment will continue to improve over the open water season.
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3.0 DETERMINATION OF EFFLUENT TOXICITY

Complete technical details of the determination of fish toxicity is contained in the reports
included in appendix one to this report. The following provides a summary of the

technical analysis.

The water treatment plant utilizes the INCO sulfur dioxide — air process for cyanide
destruction followed by conventional coagulation — flocculation for removal of heavy

metals and particulate matter.

The plant consists of three, 25 cubic meter reactors in series followed by a lamella
clarifier. All reactors are mechanically mixed with compressed air supplied to the first

two reactors.

In the first reactor, sulfur dioxide and air are added in conjunction with lime slurry to
effect reduction of cyanide to ammonia at a pH of 9 in the presence of cupric sulfate as a

catalyst.

The second tank is mixed and aerated to provide additional contact time for the effluent

from the first reactor.

Ferric sulfate is added to the third reactor to coagulate particulate matter and heavy
metals including zinc, copper, arsenic and silver. Lime slurry is added to maintain an

optimum process pH of 8.

Polymer is added by flash mixing at the inlet to the lamella clarifier after which larger
flocs are created by slow mixing. The flocs are settled by gravity in the lamella clarifier

prior to discharge from an overflow weir.
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A 1600 cubic meter detention pond provides final polishing and allows for the effluent to

be diverted back to the tailings pond in the event of a process upset.

The technical evaluation of the water treatment plant completed by Vista Engineering and
Connestoga Rovers and Associates provided recommendations for changes to the process
to improve treatment efficiency and reliability of the plant. Review 6f available effluent
quality data and additional water quality testing completed during the initial review did

not indicate the cause for fish toxicity.

It was decided that Connestoga Rovers and Associates would undertake detailed bench
scale testing of the system processes while upgrades to the water treatment plant were

completed.

CRA ran numerous bench scale tests of the processes used in the plant with bio-toxicity
and detailed water chemistry tests completed on effluent from various test runs. Based
on this work, it was determined that the most likely cause for toxicity to fish was either
cyanates or ammonia. Both of these compounds are a by-product of the INCO SO, air

cyanide destruction process.

CRA identified potential unit processes which could destroy both cyanate and ammonia
but it was determined that these process could have adverse environmental and/ or safety

impacts themselves.

The laboratory tests also identified improvements to the processes which would reduce
the ammonia and cyanate concentrations. These improvements were implemented
resulting a reduction of the dilution water required to meet the fish bio-assay from 1:5 to

1:2.
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The analytical work also identified that there were relatively high levels of cyanates and
ammonia in the tailings pond water. This would add to the cyanates and ammonia
created during the cyanide destruction process and increase the toxicity of the effluent. It
was identified that a significant reduction of cyanates and ammonia could be expected

with warmer temperatures and open water conditions.
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4.0 SUMMARY OF CHANGES TO IMPROVE EFFLUENT QUALITY

Based on the engineering evaluation of the water treatment plant, B.Y.G. Natural

Resources Inc. undertook an extensive program of modifications and upgrades to the

water treatment plant. These changes are summarized in the following table.

Item Change or Addition Effect
Influent Supply New supply line Increase supply capacity, improve reliability
Insulate lines Reduce potential for freezing
Additional pumps Increase supply capacity, improve reliability
Steam pre-tempering Increase influent temperature to increase treatment
efficiency
Constant head tank Compensates for influent supply fluctuations
SO, Supply All fittings welded or Improve reliability, reduce potential for leaks
flanged
Thermal flow meter Improve metering of SOz supply and allows accurate
estimates of SO, remaining in bulk tank
Bypass piping Allow quick removal and servicing of control components
SS piping Reduce potential for corrosion
Low emission valves Reduce potential for leaks
Metering valves Improve accuracy of metering SO2
PH Control PID Controller Maintain constant pH
Automatically compensate lime feed to maintain constant pH
in the event of changes to process variables
Provide high and low pH alarms to automatically divert
effluent to tails in the event of process upsets
Pneumatic slurry Improve reliability of lime slurry supply
pumps
Process Industrial grade Improve reliability of supply of ferric sulfate and polymer.
Chemicals chemical metering Provide precise metering of process chemicals.

pumps

Optimize chemical type

Improve efficiency, reduce preparation required

Reactor Mixing New motors Increase reliability, reduce downtime with on-shelf spare
Chemical Mixing | New mixers Increase reliability, reduce downtime with on-shelf spare
Effluent 2 GAC columns @ 2.5 | Remove residual metals
Polishing tonnes each Reduce residual cyanides by 50%
Clarifier Enclose and heat Improve process efficiency.
Enclosure clarifier and GAC tanks | Reduce potential for freezing.
Hydrolysis Hydrolysis reactor Reduce cyanate concentrations
Reduce toxicity of ammonia in effluent
Analytical In-line turbidity meter Continual monitoring of effluent turbidity
Automatic diversion of effluent to tails in event of process
upset
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Improve fine tuning of coagulation — flocculation process
Hach DR-2000 Allows on site analysis of key effluent parameters
lon-specific probe & Rapid measurement of ammonia, cyanate & cyanide
meter
Effluent Control | Automatic valves Automatic diversion of effluent in the event of process upset
Mill Cyanide Improve SO2 supply & | Reduce cyanide levels in discharge to pond. Residual SO2
Destruction mixing will reduce cyanide levels in pond.
Documentation O&M manuals Reduce maintenance time, improves reliability
Operator Improve system reliability & reduce down time
Training

A significant drop in cyanide, cyanate and ammonia levels has been observed in the
tailings pond due to the improvements in the mill circuit cyanide destruction process, the
on-set of warmer weather and open water conditions. This has resulted in a decrease in
loading on the water treatment plant which has also improved effluent quality

considerably.
These changes have resulted in an improvement of effluent quality where it is reported by

the company that all licence parameters, including the fish bio-toxicity test, are being met

on a consistent basis.
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5.0 SUMMARY OF IMPROVEMENTS TO REDUCE TAILINGS POND
INFLOWS

The following summarizes the details of the engineering evaluation of drainage control

for the tailings impoundment contained in the report included in appendix B.

The report identified that the primary cause for excessive water levels in the tailings pond
was as a result of high permeability in the ditches which divert water from entering the
tailings pond. Measurement of water flows in the ditches in the fall of 1997 identified
that up to 50% of the water which entered these ditches would report to the tailings
impoundment by seepage through underlying sandy soils.

Seepage from the diversion ditches was not included in the initial water balance analysis
completed for B.Y.G. Natural Resources Inc. by the consultants retained for the design

and construction of the tailings impoundment.

The drainage control evaluation recommended that runoff from the spring 1998 freshet be
collected in a sump and pumped around the tailings impoundment. The report also
recommended that the ditches be lined with an impermeable liner to provide long term

seepage control.

The pumping system was installed and operated successfully. An application has been
made to the Water Board to line the ditches and the material has been ordered and is on
site. The liners will be installed once approvals have been granted and the ditches have

dried sufficiently to allow for construction.
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6.0 FUTURE ACTIONS AND SCHEDULES

Recommended improvements and changes to the water treatment plant and the cyanide
destruction process on the mill circuit have been completed. The water treatment plant is

producing compliant effluent on a consistent basis.

The liners for the tailings impoundment diversion ditches have been purchased and are on
site. The liners will be installed once requisite approvals from the Water Board have
been received and soils are sufficiently dry to allow for controlled placement. Water is

being diverted from the diversion ditches by pumping at this time.

Cyanide levels in the tailings pond have dropped considerably and are expected to
continue to decrease as the mill circuit cyanide destruction process continues to operate.
Cyanate and ammonia levels have also been reduced and are expected to remain low as
there will be less natural degradation of cyanide. The decreasing loading on the water

treatment plant is expected to result in increasing effluent quality.

Water levels in the pond have decreased and the company plans to operate the water
treatment plant until the water volume is reduced to that required for mill operation. The

installation of the liners will limit surface water runoff entering the pond in the future.
Once the volume of impounded water in the tailing pond has been reduced to an

acceptable level, it is expected that the operation of the treatment plant can be curtailed

significantly.
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Attention: Mr. Graham Dickson

Re: Mt. Nansen Water Treatment Plant Upgrade — Final Report

Please find enclosed seven copies of the above noted report.

Based on the results of this work, the Mt. Nansen water treatment plant is capable of
producing compliant effluent on a consistent basis for all parameters. The fish
biotoxicity test was passed when the plant effluent was conditioned with two parts
dilution water to one part effluent.

The cause for fish toxicity has been identified to be the presence of cyanates or ammonia,
both of which are by-products of the Inco SO, — air cyanide destruction process.

Practical alternatives for reducing toxicity to fish are limited to superchlorination —
dechlorination or conditioning by dilution. Due to the potential environmental impacts
and safety concerns associated with using gaseous chlorine, it is recommended that
dilution be used to meet this licence requirement.

If you should have any questions or require additional information, please contact us at
393-3458.
e

ﬁ:ﬂw;’r{‘o- /4

Yours truly,

Vista Engine

Victor Menkal, P.Eng.

PO. BOX 2047, YELLOWKNIFE, NT XIA 2P5 l PO. BOX 30045, WHITEHORSE, YT YIA 5M2
TEL (867) 8734894 FAX (867) 920-7245

www.vistaeng.nt.ca TEL (867) 393-3458 FAX (867) 393-3465
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1.0 INTRODUCTION

This report summarizes the results of the upgrading program completed on the water

treatment plant at the Mt. Nansen Mine from October 1997 to January 1998.

Vista Engineering was retained.in October 1997 to assist B.Y.G. Natural Resources Inc.
to evaluate the existing water treatment plant and provide recommendations for
improvements for generating compliant effluent on a consistent basis. Conestoga-Rovers
and Associates of Waterloo, Ontario provided expert technical and analytical support for
the project.

2.0 BACKGROUND

2.1 General

A 270,000 cubic meter capacity impoundment facility provides storage of tailings
and process water for the Mt. Nansen Mine mill. Since commissioning, the
tailings impoundment has received approximately 90,000 cubic of tailings. The
tailings impoundment has also received considerable runoff water which has
resulted in an accumulation in excess of 200,000 cubic meters of water in addition

to the tailings. : J

Original forecasts predicted that the pond would have sufficient volume to contain
tailings production as well as surface water runoff for two to three years. Water

levels were observed to be considerably in excess of that predicted after spring

runoff in 1998. Based on these observations, B.Y.G. Natural Resources Inc. made

the decision to construct and operate a water treatment plant in an attempt to
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reduce water levels. It was originally planned to construct the water treatment

plant during the third or at the earliest, second year of operation.

A 70 cubic meter per hour water treatment plant was constructed during the spring
and summer of 1998 utilizing primary components from a mine which had similar
tailings water to treat. Plant effluent was compliant with all licence requirements
except for the fish bio-assay test and discharge was not permitted by the Water
Resources Division of DIAND.

Vista Engineering and Conestoga-Rovers and Associates were retained in October
to undertake a technical evaluation of the plant to determine the reason for fish
toxicity in the effluent and to provide recommendations for changes to the plant to

generate compliant effluent.

2.2 Plant Description

The original Mt. Nansen water treatment plant layout is depicted on the

accompanying schematic diagram and described as follows.

The water treatment plant utilizes the INCO sulfur dioxide — air process for
cyanide destruction followed by conventional coagulation — flocculation for

removal of heavy metals and particulate matter.

The plant consists of three, 25 cubic meter reactors in series followed by a lamella
clarifier. All reactors are mechanically mixed with compressed air supplied to the

first two reactors.

290-08
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In the first reactor, sulfur dioxide and air are added in conjunction with lime slurry
to effect reduction of cyanide to ammonia at a pH of 9 in the presence of cupric

sulfate as a catalyst.

The second tank is mixed and aerated to provide additional contact time for the

effluent from the first reactor.

Ferric sulfate is added to the third reactor to coagulate particulate matter and
heavy metals including zinc, copper, arsenic and silver. Lime slurry is added to

maintain an optimum process pH of 8.

Polymer is added by flash mixing at the inlet to the lamella clarifier after which
larger flocs are created by slow mixing. The flocs are settled by gravity in the

lamella clarifier prior to discharge from an overflow weir.

A 1600 cubic meter detention pond provides final polishing and allows for the
effluent to be diverted back to the tailings pond in the event of a process upset.
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3.0 INITIAL EVALUATION

An initial evaluation of water treatment plant effluent data provided by B.Y.G. Natural

Resources Inc. did not reveal any readily identifiable cause for fish toxicity.

Andrew Lugowski, P.Eng. of Conestoga Rovers and Associates and Victor Menkal,
P.Eng. of Vista Engineering traveled to Mt. Nansen mine site to undertake to inspect the
process and undertake additional process testing on October 30, 1997.

B.Y.G. Natural Resources Inc. staff had indicated that the water treatment plant had
produced effluent which was compliant with licence limits, although the duration of

operation was limited.

Table 3.1 identifies tailings pond water quality, licence limits and removal efficiencies
required to meet limits. Tailings pond water quality is based on an arithmetic mean of

samples collected during this project.
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Parameter Units | Influent | Licence % Reduction
Limits Required
pH mg/L 9.29 6.0-8.5 9.2
Total Cyanide mg/L | 99.43 0.3 99.7
Weak Acid Diss CN |mg/L 55.9 0.1 99.8
Antimony (total) mg/L | 0.094 0.15 0.0
Arsenic (dissolved) |mg/L | 0.709 0.15 78.8
Barium (total) mg/L | 0.023 1.0 0.0
Cadmium (total) mg/L | 0.392 0.02 94.9
Chromium (total) mg/L | 0.00124 0.04 0.0
Copper (total) mg/L 18.3 0.2 98.9
Iron (total) mg/L | 1.158 1 13.6
Lead mg/L | 0.0036 0.1 0.0
Manganese mg/L | 0.300 0.5 0.0
Mercury mg/L | 0.00122{ 0.005 0.0
Nickel (total) mg/L | 0.105 0.3 0.0
Silver (total) mg/L | 1.059 0.1 90.6
Zinc (total) mg/L 32.8 0.3 99.1
Table 3.1

It can be seen that extremely high removal efficiencies are required to meet licence limits

for key parameters. For example, treatment efficiency in excess of 99% is required for

cyanides and some heavy metals.

On site testing of key parameters identified that it was difficult to maintain effluent

quality which would consistently meet licence requirements. Any changes to process

parameters such as influent flow rates, influent quality, temperature, chemical feed rates

or chemical feed concentrations would result in non-compliant effluent.

The water treatment plant is rated at 70 cubic meters per hour. Allowing for down time

and maintenance requirements, it is expected that the actual treatment rate will be

approximately 50 cubic meters per hour. In order to provide sufficient reduction in

tailings pond levels prior to spring freshet in 1998, the plant will be required to operate on

a continual 24 hour basis and reliability becomes critical.
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It was identified that conventional maintenance of the system could result in unacceptable
down time considering the long lead time to order and receive parts at the location of the

mine.

Based on the initial evaluation the scope of work was expanded to include the following:

e Improvements to control of key process parameters including automated
process to generate compliant effluent on a consistent basis,

e Upgrading of key plant components to improve system reliability and

e Bench scale testing of tailings pond water to determine cause for toxicity to

fish and to determine process required to reduce this toxicity.

Bulk samples of tailings pond water were collected and shipped to Conestoga-Rovers and
Associates labs in order to undertake the bench scale testing.
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4.0 BENCH SCALE TESTING

Conestoga-Rovers and Associates undertook extensive bench scale testing to model the
treatment processes at the Mt. Nansen water treatment plant. The objective of this work
was to determine the cause of toxicity to fish during bio-assay tests and to test various
unit processes to reduce this toxicity. The results of their work are included in appendix

A and summarized as follows.

Analysis of effluent from the water treatment plant as well as effluent from the bench
scale model of the plant indicated that the most likely cause for toxicity to fish was from
cyanates and ammonia. Both of these compounds are created during the destruction of
cyanide during the Inco SO, — air process as well as during natural degradation of

cyanide in the tailings pond.

Communication with Inco (E. Devuyst, 97/12/3) confirmed that the process was not
capable of passing fish toxicity tests without diluting effluent at a factor of two to four
times.

A number of unit processes were tested in an effort to remove these compounds. It was
found that the only feasible method for destruction of cyanates and ammonia was by
super chlorination. Using gaseous chlorine, it is estimated that approximately 40 cubic

meters per week of compressed chlorine gas would be required to treat the effluent.

Although chlorination is a common method of reducing nitrogen based compounds in
southern locations, safety and environmental considerations prevent the application of

this technology at the Mount Nansen mine site.

Potential safety problems include the transportation and handling of a hazardous gas

under pressure. Further, if chlorine and sulfur dioxide gas are mixed, the resultant gas is
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extremely toxic at very low concentrations. Transportation of the volume of chlorine
required would be hazardous over the 70km access road to the site, which has numerous

sharp turns, steep grades and poor sight distances.

The use of chlorine could also have an environmental impact due to the formation of

chloro-organics or due to residual chlorine in the effluent.

The testing work also identified that partial reduction in the concentration of cyanates
could be achieved by a reduction in pH to between 6.0 and 6.3 which would result in
hydrolysis. The reduction in effluent pH was also identified to be effective in reducing

the toxicity of ammonia.

As well it was identified that granular activated carbon (GAC) was extremely effective at
removing heavy metals and would provide a 50% reduction in cyanides at low

concentration.

In consultation with officials from the Water Resources Division, it was decided that the
chlorination of effluent was not feasible at the Mt. Nansen mine site due to the

environmental and safety risks associated with its use.

It was concluded that viable improvements were limited to the installation of GAC
columns and the addition of a hydrolysis reactor where the pH would be adjusted to 6.0 —
6.3 and heavily aerated.
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5.0 PLANT IMPROVEMENTS

5.1 Process Control Upgrading

It was noted during the preliminary analysis of the plant that it was difficult to
control pH and SO, flow in the primary cyanide destruction reactor. As control
of these process parameters is critical in generating compliant effluent, a

complete upgrade of the control systems was undertaken.

The original “bang — bang” pH controller was replaced with a Baily Type TB701
analytical controlling transmitter which could provide full proportional, integral
derivative control of pH. The original electric centrifugal pumps were replaced
with pneumatic positive displacement pumps. As well, the entire SO, supply
system was overhauled with new stainless steel piping, a Baily 10A6100
“Purgemaster” flow meter (later replaced with a thermal flow meter/ totalizer),

stainless needle valves and low emission isolation valves.

The pH controller was observed to be maintaining pH levels within a hysteresis of
approximately 0.5 to 0.7 pH units with the pH controller operating in a high/low
set point mode. In an attempt to attain more precise pH control, the control unit
was reprogrammed to operate in full proportional, derivative, integral (PID)
control mode. In this mode of operation, the controller mathematically attempts
to predict the effect of changes to process variables and adjusts inputs
automatically to compensate for the lag time due to hydraulic retention time and

other factors.

Tuning was accomplished by manual iteration using various control algorithm

coefficients. Initial set points were determined by calculation of process variables

290-08
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including hydraulic retention time, valve operation, etc. The control parameters
were subsequently tuned by observation of the response curve and changes to the

initial settings.

Final pH control was established within 0.1 to 0.2 pH units of the set point. This
level of hysteresis is considered to be acceptable for the type of process

controlled. Final set points for process parameters are listed as follows:

Process Data: Influent WAD CN° 60 ppm
Influent flow rate 25 m>/hr
Influent temperature 4°%
Lime slurry conc. 2%
Process set points:  SO2 0.12 L/min
pH set point 9 +/-0.2
Band (proportional) coef. 15%
Reset (integral) coef. 0.1/min
Derivative coef. 0

Effluent Data Process Reactor No. 1, 15/11/97 2000 hours

WAD CN° 0.10 ppm
WAD CN (duplicate) 0.10 ppm
Nitrogen Ammonia 3.5 ppm

Further improvements to the plant as outlined in the next section as well as
ongoing fine tuning to the control systems improved cyanide destruction where

WAD cyanide levels could be maintained below 0.10 ppm on a consistent basis.
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5.2 Physical Improvements

Extensive improvements and modifications were undertaken at the water

treatment plant from October 1997 to January 1997 to improve the efficiency and

reliability of the system. These improvements are summarized in table 5.2 with a

schematic of the final plant depicfed on the accompanying diagram.

Item Change or Addition Effect
Influent Supply New supply line Increase supply capacity, improve reliability
Insulate lines Reduce potential for freezing
Additional pumps Increase supply capacity, improve reliability
Steam pre-tempering Increase influent temperature to increase treatment
efficiency B
Constant head tank Compensates for influent supply fluctuations
SO, Supply All fittings welded or Improve reliability, reduce potential for leaks
flanged
Thermal flow meter Improve metering of SOz supply and allows accurate
estimates of SOz remaining in bulk tank
Bypass piping Allow quick removal and servicing of control components
SS piping Reduce potential for corrosion
Low emission valves Reduce potential for leaks
Metering valves Improve accuracy of metering SO2
PH Control PID Controller Maintain constant pH
Automatically compensate lime feed to maintain constant pH
in the event of changes to process variables
Provide high and low pH alarms to automatically divert
effluent to tails in the event of process upsets
Pneumatic slurry Improve reliability of lime slurry supply
pumps
Process Industrial grade Improve reliability of supply of ferric sulfate and polymer.
Chemicals chemical metering Provide precise metering of process chemicals.

pumps

Optimize chemical type

Improve efficiency, reduce preparation required

Reactor Mixing New motors Increase reliability, reduce downtime with on-shelf spare
Chemical Mixing | New mixers Increase reliability, reduce downtime with on-shelf spare
Effluent | 2 GAC columns @ 2.5 | Remove residual metals
Polishing tonnes each ' Reduce residual cyanides by 50%
Clarifier Enclose and heat Improve process efficiency.
Enclosure clarifier and GAC tanks | Reduce potential for freezing.
Hydrolysis Hydrolysis reactor ' Reduce cyanate concentrations
Reduce toxicity of ammonia in effluent
Analytical In-line turbidity meter Continual monitoring of effluent turbidity
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Automatic diversion of effluent to tails in event of process
upset
Improve fine tuning of coagulation — flocculation process

Hach DR-2000

Allows on site analysis of key effluent parameters

lon-specific probe &
meter

Rapid measurement of ammonia, cyanate & cyanide

Effluent Control | Automatic valves Automatic diversion of effluent in the event of process upset
Documentation O&M manuals Reduce maintenance time, improves reliability

Operator Improve system reliability & reduce down time

Training

The installation of automated process control equipment and improvements in

chemical metering and influent flow rates resulted in WAD cyanide levels being

reduced to below licence limits on a consistent basis.

The reliability of the operation of the water treatment plant was also noted to

improve with improvements to control and metering. With the upgrades in place,

the plant has been operated by mill personal for an extended period of time with

few problems.

Analytical results of the performance of the plant are presented in the following

sections.
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6.0 ANALYTICAL RESULTS

On-site analytical work was completed at the mines lab to aid in process tuning and
improvements. After data from these analysis indicated adequate performance of the
system, water samples were sent to Norwest Labs in Edmonton for detailed analysis.

Norwest Labs also undertook 96 hour LCs, fish bio-assay tests through out the project.

Analytical results from Norwest Labs are appended to this report and summarized below.

6.1 Unit Processes

Tables 6.1, 6.2 and figures 6.1 to 6.3 depict analytical results for water licence
parameters through the water treatment plant. Samples were collected at time
intervals equivalent to the retention time of the reactors in order that the effect of

various unit processes on the same slug of water could be determined.

The data indicates an extremely high level of removal efficiency for all
parameters with all concentrations below licence limits. For parameters which
exceeded licence limits at the influent to the plant, removal efficiencies were
measured to be from 98.6 to 100.0%.

The SO, supply was turned off by water treatment plant operators prior to
collection of the last sample in order to replace the lime slurry mixer. This
resulted in the high cyanide levels reported for the sample collected at 2100 hours
in table 5.2.
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WATER TREATMENT PLANT
UNIT PROCESS LICENCE PARAMETER CONCENTRATIONS

Licence % Reduction
Parameter Units Influent R1 R2 Clarifier GAC Limits Achieved
pH ' mg/L 9.29 8.91 8.93 7.54 9.11 6.0-8.5 na
Total Cyanide mg/L 99.43 15 15.5 18.5 0.27 0.3 99.7
Weak Acid Diss CN  |mg/L 55.9 0.27 0.314 0.11 0.018
Antimony (total) mg/L
Arsenic (dissolved) mg/L 0.709 0.530 0.500 0.010 0.010
Barium (total) mg/L
Cadmium (total) mg/L 0.392 0.399 0.378 0.137 - 0.001
Chromium (total) mg/L
Copper (total) mg/L 18.3 13.0 12.3 0.3156 0.001
Iron (total) mg/L 1.158 0.968 1.42 0.085 0.003
Tl =y o e ——
Manganese mg/L
Mercury mg/L
Nickel (total) mg/L
Silver (total) mg/L 1.059 0.628 0.413 0.032 0.001
Zinctotal)  |mg/L 32.8 34.2 32.1 5.35 0.0005

Notes: Influent conc are arithmatic mean of seven influent samples

& indicates influent below licence limits

Table 6.1




WATER TREATMENT PLANT
EFFLUENT LICENCE PARAMETER CONCENTRATIONS

GAC Effl. GAC Effl. GAC Effl. GAC Effl. GAC Effl. GAC Effl.

21112/97 21/12/97 2112197 2112/97 21/12/97 21/12/97 Licence
Parameter Units 1600 1700 1745 1800 2000 2100 Limits
pH 9.02 9.11 9.11 9.14 9.16 9.17 6.0-85
Total CN mg/L 0.130 0.170 0.27 0.250 0.960 71 0.3
Weak Acid Diss CN mg/L 0.015 0.021 0.018 0.025 0.050 0.960 0.1
Antimony mg/L 0.034 0.031 0.027 0.030 0.030 0.032 0.15
Arsenic (diss) mg/L 0.0036 0.0024 0.01 0.0020 0.0014 0.0016 0.15
Arsenic (total) mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Barium (total) mg/L 0.0318 0.0321 0.0299 0.0311 0.0315 0.0324 1.0
Cadmium (total) mg/L <0.0005 0.0006 0.0005 0.0009 0.0015 0.0016 0.02
Chromium (total) mg/L <0.0008 0.0014 0.0008 0.0015 <0.0008 <0.0008 0.04
Copper (total) mg/L <0.001 0.053 0.001 <0.001 <0.001 <0.001 0.2
Iron (total) mg/L 0.054 <0.003 0.003 <0.003 0.003 <0.003 1
Lead (total) mg/L <0.002 <0.002 0.002 <0.002 <0.002 <0.002 0.1
Manganese (total) mg/L 0.076 0.121 0.203 0.115 0.303 4680 0.5
Mercury (total) mg/L <0.0001 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 0.005
Nickel (total) mg/L <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0.3
Silver (total) mg/L 0.003 0.002 0.001 0.002 0.001 <0.001 0.1
Zinc (total) mg/L 0.0061 0.0300 0.0005 <0.0005 0.0008 <0.0005 0.3
Notes: SO, turned off during sample 2100 hours

Table 6.2
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The data indicates that the majority of cyanide removal occurs at the first reactor

with final polishing provided by the activated carbon columns.

Although total cyanide levels reported by Norwest Labs were below licence
limits, it was noted that there were some discrepancies in these data compared to

concentrations determined by calculation.

Norwest Labs has indicated (appended) that the total cyanide analysis may not be
accurate due to interference’s from other constituents present in the water. Weak

acid dissociable cyanide analysis is not affected by this interference.

It is recommended that weak acid dissociable cyanide tests be used in the future
for process evaluation and compliance purposes and that total cyanide

concentrations be determined by calculation.

Most heavy metals were removed during the coagulation — flocculation process
and almost complete removal of residual metals was obtained in the activated

carbon columns.

Based on these data, it can be concluded that the improvements to the treatment.
plant have been successful in producing a high quality effluent on a consistent

basis.

It was initially estimated that the 5 tonnes of carbon would provide a service life
of 14 to 20 days. The carbon columns were operated with approximately 3 tonnes
of carbon during these tests and provided approximately two weeks of service.
Once the carbon columns are filled to capacity, a service life of two weeks can be
expected with a reasonable margin of safety. The carbon should be acid washed

or replaced after this time.
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6.2 96 Hour Fish Bio-Assay Results

Figures 6.4 to 6.8 depict the results of the 96 hour LC50 fish bio-assay tests. Each
test was run with various dilutions to determine the concentration at which the

effluent would be toxic to fish.

Figures 6.4 and 6.5 depict the bio-assay results with effluent collected directly
after the activated carbon column. These data indicate that the effluent from the
treatment would be toxic to fish.

A reduction in toxicity was noted after the carbon columns had operated for
approximately 24 hours. This can be attributed to the development of steady state

conditions in the tanks after they had been filled with carbon.

Control tests on Victoria Creek well water indicated that this water is non-toxic to

. fish and is suitable for condition of water treatment plant effluent.

Bench scale analysis had indicated that the most likely cause of toxicity to fish
was either cyanates or ammonia. These tests also indicated that cyanates could be
reduced by hydrolysis by lowering the pH to 6.0 to 6.3.

This process was initially introduced at the second reactor using sulfur dioxide
gas to depress pH. On-site analysis of the effluent from the reactor indicated an
increase in WAD cyanide to levels above licence limits and the process was
discontinued. This result can be linked to the disassociation of cyanide complexes

which would normally be removed in the coagulation — flocculation reactor.
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It was decided to introduce a cyanate destruction reactor as the last process in the
water treatment plant where most of the constituents in the waste stream had been
removed. Figure 6.6 indicates that this reactor provided a significant increase in

fish survival rates although a pass level was not reached.

It was identified that the sulfur dioxide feed to the cyanide destruction reactor had
been throttled to 0.1 liters per minute by ice build up on a temporary rotameter

that was being used to calibrate the thermal flow meter.

The obstruction was bypassed and the sulfur dioxide flow rate increased to 0.2
liters per minute. Fish bio-assay analysis performed on the plant effluent were

positive with all tests at a 1:2 dilution or higher passing the test.

Analysis of effluent before and after the cyanate destruction reactor indicated that
there was not a significant decrease in cyanates. The decrease in toxicity has been
attributed to the lowering of pH from an initial value of 9.0 after the carbon

columns to approximately 7.0 after the cyanate destruction tank. This would have

the effect of decreasing the toxicity of ammonia in the water by a factor of ten.

Based on these analysis, the water treatment plant is capable of producing effluent
which will pass the fish bio-assay test if the water is conditioned at a rate of one

part effluent to two parts dilution water at pH is adjusted to 6.3 prior to discharge.
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environmental impacts of chlorine due to the formation of chloro-organic
compounds or residual chlorine as well as significant safety problems
associated with handling gaseous chlorine, the use of this method is not
recommended at Mt. Nansen. Dilution of effluent is recommended as the
most practical method for generating compliant effluent with the lowest

environmental impact.

Interferences during standard laboratory analysis for total cyanide may result
in the anomalies in the data produced. It is recommended that weak acid
dissociable testing for cyanide be used for evaluating plant performance and
compliance monitoring. If required, total cyanide can be calculated by

formula based on WAD cyanide and metallic complexed cyanides.
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Dear Sirs/Mesdames:

Re: Report of Conestoga-Rovers & Associates dated December 10, 1997

We enclose the above-noted report, received today from Conestoga-Rovers & Associates.

We will be relying on this report in connection with our on-going provision of legal advice

to you regarding potential charges under the Yukon Waters Act.

Please provide us with comments on the report.

Yours truly,

DAVIS & COMPANY
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651 Colby Drive :
" Waterloo, Ontario, Canada N2V 1C2

(519) 884-0510 Colby Office Fax: (519) 884-0525

(518) 725-3313 Bathurst Office  (518) 725-1394

December 10, 1997 Reference No. 11366

Mr. Rodney Snow

David & Company

304 Jarvis Street, Suite 200
Whitehorse, YT Y1A 2H2

Dear Mr. Snow:
Re: Mt. Nansen Water Treatment Plant — Progress Report No. 2

1.0 Introduction

As per the directions of Mr. Graham Dickson of B.Y.G. Natural Resources, we are forwarding
our second progress report detailing the work undertaken by Conestoga-Rovers & Associates
(CRA) in connection with the treatment of tailing pond effluents at Mt. Nansen Mine. While the
previous progress report dated November 26, 1997 focused on the Water Treatment Plant
(WTP) influents collected on October 16 and November 11, this report presents the analytical
results and the treatability studies conducted on the following three samples: WTP effluents
collected on November 15 and 21, and WTP influent collected on November 21, 1997.

CRA conducted detailed chemical analysis of all samples received and performed treatability
studies not only aimed at mitigating the toxicity of the WTP effluent but also at simulating the
on-Site treatment system to provide better understanding of the ongoing complex
physiochemical processes and hence optimize the treatment system.

2.0 WTP Influent and Effluent Characterization

It has been indicated in the previous report that difficulties with the separation of nitrite and
cyanate peaks in chromatograms were experienced. Subsequent to resolution of the nitrite and
cyanate peaks, the WTP effluent collected on November 15, 1997 was reanalyzed with the
results being presented in Table 1, while Table 2 presents analytical data from the WTP influent

and effluent collected on November 21, 1997. Scrutiny of the data in Tables 1 and 2 reveals the
following: '
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gas is necessary to ensure that the effluent is non-toxic to fish. It must be asserted that this
phenomenon of incomplete oxidation was not anticipated at the beginning of the study, as it
was postulated that cyanide and heavy metals were primarily responsible for causing toxicity.
However, effluent analytical data both on November 15 and November 21, 1997 reflect the
excellent removal efficiency of cyanides and metals achieved by the treatment system, with all
respective parameters well below any reported toxicity levels. Accordingly, significant
emphasis must be placed on modifying the INCO treatment process to ensure complete
oxidation to preclude effluent toxicity.

3.0 Treatability Studies

The treatability studies were conducted on both the WTP influent and effluent samples. Studies
performed on the WTP effluent were primarily aimed at alleviating toxicity, while studies on
the WTP effluent addressed the impact of the various process variables and focused on
improved understanding of the complex reactions occurring throughout the treatment system.
Having determined the importance of ammonia and cyanates in effluent toxicity, these
parameters were added to the analytes list. Additionally free cyanide, determined by the weak
acid extraction method, was also added to provide a common ground for assessing
comparability with Site conditions, since it is used by Site staff for determination of treatment
system efficiency and process control.

Table 3 lists the relevant parameters for the treatability studies performed on the WTP influent
collected on November 21,1997. A three-step sequential treatment approach was employed.
The first step involved oxidation with sulfur dioxide and simulation of reactions taking place in
the first tank of the INCO treatment system. Sulfur dioxide (5O.) was added, as sodium sulfite,
at doses of 300, 500, and 700 mg/L (as SO3) at pH of 9 to 9.2, and temperature of 5°C. The water
was then aerated with air at a flow rate of 1 to 24 L/min for a period of 30 minutes to simulate
the actual contact time at the Site.

The second step involved pH adjustments of the first step egress to 6.3 to 6.5 to promote
hydrolysis at the ambient temperature of 5°C for another 30 minutes. This mimics conditions in
the second tank except that the pH is not reduced to 6.3 to 6.5, but rather maintained at around
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pHS8. Itis widély known that hydrolysis of cyanates is much more efficient at pH 6.3 than at
pH 8.

It is conspicuous from Table 3 that oxidation with SO; reduced cyanides by 39 to 75 percent
depending on SO; dose, with removal efficiency increasing with SOz dose. Simultaneously,
both cyanate and ammonia concentrations increased with cyanide destruction, thus
corroborating our earlier postulations. The highest reduction in overall total nitrogen in the
three predominant forms, i.e., cyanide, cyanate, and ammonia of 12.5 percent from 88 to

77 mg/L, was observed at an SO; dose of 700 mg/L. During the hydrolysis step, cyanide
decreased further by 60 to 93.4 percent, with the reduction directly proportional to the SO, dose.
It is evident that the cyanide reductions achieved in the first stage agree well with the
observations reported in the first progress report for the WTP influent on November 11, 1997.
Furthermore, the low cyanides after the hydrolysis step confirm the WTP effluent
concentrations of cyanides measured at the Site.

The third treatment step involved superchlorination to oxidize both ammonia and cyanates
formed during treatment. A chlorine dose of 500 mg/L of sodium hypochlorite (NaOCl)

(238 mg/L as Cl) was added to the effluent from the second step, and aerated for 30 minutes.
Further oxidation of cyanides took place in addition to the oxidation of cyanates and ammonia,
as attested by effluent cyanides of 0.06 mg/L. Cyanides and ammonia reductions of 14 to

92 percent, and 96 to 98 percent, respectively, were achieved.

The effluent collected on November 16 was treated with 50 percent hydrogen peroxide in
conjunction with 10 percent ferric sulfate solutions at doses of 4 ml and 1 ml per liter,
respectively, at pH 7.8, and aerated for a 24-hour period. The treated effluent was subsequently
treated with NaOCI at a dose of 100 mg/liter, and then passed through GAC columns for
further polishing prior to bioassay tests. The WTP effluent collected on November 21, 1997 was
treated with 500 mg NaOCl/L at 5°C for 30 minutes. Table 4 presents a summary of the
analytical data for the various treated effluents along with the fully treated WTP influent on
November 21, 1997. The data indicates that oxidation with hydrogen peroxide, though effecting
a good reduction of cyanates, increased ammonia concentrations, which increased further
during hydrolysis. This necessitated the use of chlorine to oxidize ammonia and activated
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carbon to remove residual chlorine. The activated carbon application is intended also to mimic
site conditions where GAC is used for effluent polishing.

Interestingly, while chlorination of the fu]ly treated WTP influent achieved effluent cyanates
and ammonia of 1.8 and 2.1 mg/L, chlorination of the WTP effluent did not reduce cyanates
and ammonia to the decreased levels to avert tbxicity, despite a final residual chlorine
concentration of 2 to’3 mg/L. The reasons for this unexpected behavior are currently being
investigated.

4.0 Toxici

The acute toxicity of the raw and treated samples, as determined by Microtox, is presented in
Table 5. The reported toxicity is expressed as percentage reduction in light output after

5 minutes and 30 minutes exposure. It is apparent that the toxicity of the WTP effluent collected
on November 16, 1997 decreased continuously throughout the various treatments. The effluent
sample that was oxidized, hydrolyzed, chlorinated, and treated with GAC in fact did pass the
LC50 chronic toxicity test on rainbow trout with ﬂying colors, as indicated by the Beak
International report enclosed herewith. The undiluted sample caused only a 20 percent
mortality of rainbow trout after 96 hours of exposure.

It is interesting to note the strong correlation between the percent toxicity after 15 minutes and
the total cyanate and ammonia nitrogen. Generally toxicity increased with total nitrogen, and
currently we are working on the development of a correlation between these two parameters.

5.0 Summary and Conclusions

The analytical data indicated that partial oxidation of cyanides is occurring in the Tailing Pond,
as reflected by the temporal increase in concentrations of cyanates and ammonia. Optimization
of in-situ processes in the Tailing Pond can lower the cyanides loading into the WTP.
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WTP effluent sample treated with hydrogen peroxide, chlorination, and granular activated

carbon has passed both acute chronic toxicity tests as well as chronic bioassay toxicity tests on
rainbow trout.

On-site processes involving cyanide destruction have been successfully simulated in the lab
with comparable cyanide removal efficiencies. However, both lab results as well as analysis of
plant effluent data indicate that incoinplete oxidation of cyanides to cyanates and ammeonia is
prevalent with only 10 to 12.5 percent reduction in the total nitrogen attributable to the three
predominant species, i.e., cyanide, cyénate, and ammonia. Accordingly, current efforts are
focused on closing the nitrogen balance as not only cyanide but also cyanates and ammonia are
highly toxic to fish. Superchlorination of the treated WTP influent by CRA significantly
reduced ammonia and cyanates, while identical treatment of the WTP effluent showed
relatively higher concentrations resulting in higher toxicity.

Microtox was used to assess acute toxicity of various samples, and a general correlation
between relative toxicity, measured as percentage reduction in light output of specific

photoluminescent bacteria after specific exposure time, and total nitrogen was observed.

CRA is currently working around the clock to optimize the treatment system to ensure
production of innocuous non-toxic effluent. We are committing all our resources to this project
and at this stage we have a clear understanding of the complex processes taking place at the site
and the preferred remedial alternatives. It is through our thorough understanding of the
processes involved that we can provide innovative cost-effective solutions to minimize the
toxicity of the treated effluent and optimize the performance of the treatment plant.
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I trust that this report and the results achieved so far are satisfactory. In the mean time, should
you have any questions, please do not hesitate to call the undersigned or my associate, George
Nakhla.

Yours truly,

CONESTOGA-ROVERS & ASSOCIATES

Andrew Lugowski, P. Eng.

GN/dm/2
Encl.



Table 1

BYG Mit. Nansen Site

Analytical Data for WTP Influent & Effluent

Parameter | Units | WTP Influent WTP Influent WTP Effluent | WTP Influent after GAC
10/16/97 Tentative Date 11/11/97 11/16/97 11/18/97 ]
GENERAL CHEMISTRY
COD mg/L 139 143 74 78
TOC mg/L 57.5 59.2 31.6 33.3
TIC mg/L 18 19 45 21
NH;-N mg/L 1.27 2.95 497 2.58
NOs-N mg/L 1.28 1.14 1.15 1.04
CN me/L 68.9 90 0.181 46.2
CNO me/L - - 24
SO, mg/L 281 1396 2493 1298
pH td. unitg 9.6 10.02 8.16 10.68
NO,;-N mg/L 23.8 <0.10 2.3 <0.10
ORP mV + 144 108 230
METALS 2
Mo meg/L 0.197 0.054 1.31 0.642
Cu mg/L 0.893 14.2 < 0.001 8.38
Mg mg/L 2.17 5.39 1.48 5.50
Sr mg/L < 0.050 1.02 < 0.050 1.42
Ba mg/L < 0.050 < 0.050 < 0.050 < 0.050
Ni mg/L 0.141 0.091 0.266 0.019
B mg/L 0.148 0.37 < (0.050 0.382
Fe mg/L 0.075 0.891 0.117 0.994
Na mg/L 24 4 509 1.70 364
Mn mg/L 0.089 <0.015 0.023 < 0.015
Cr mg/L < 0.010 < 0.010 0.160 0.013
Be mg/L < 0.000092 < 0.000092 < 0.000092 0.06171
Ca mg/L 3.19 594 2.71 635
Si mg/L 0.635 8.44 4.8
Zn mg/L 1.57 30.7 0.023 16.7
Sb mg/L < 0.050 < 0.050 < 0.050 < 0.050
K mg/L 4.99 66.8 2.45 405
Al mg/L < 0.050 0.119 < (0.050 0.18
\' mg/L 0.132 0.015 < 0.007 0.0196
T1 mg/L 0.0077 0.064 0.0539 2.72
Sl mg/L 0.169 0.047 < 0.005 0.006
Hg mg/L < 0.0001 < 0.0001 < 0.0001
As mg/L 0.378 0.366 0.159 0.642
Cd mg/L 0.291 0.435 0.0331 0.1605
Pb mg/L 0.007 0.636 0.060 < 0.001
Co mg/L 0.077 0.0768 < 0.0004 0.0527
Ag mg/L 2.34 5.17 < 0.0001 0.0033

CRA 1136A-WT. XIS

12/10/97



TABLE2

BYG MT. NANSEN MINE
ANALYTICAL DATA FOR WATER TREATMENT PLANT

Influent Effluent
Parameter . Units Nov. 21/97 Nov. 21/97
General Chemistry
pH St Units 9.78 8.16
Alkalinity mg/L 210 - 110
. CoD mg/L 152 78
TOC mg/L ; 63 33
TIC mg/L 21 a4
NH3-N mg/L 29 60
NO3-N mg/L 126 1.08
NO2-N mg/L <0.1 <0.1,
Total CN mg/L 98 018 -
Free CN (WAD) mg/L 84 0.1 -
CNO . mg/L 2 57
SO4 " mg/L 1540 3770
a mg/L 4 84
Metals
Mo " mg/L 0.89 3.13
Cu mg/L 144 - 044 .
Mg mg/L 642 8.15
Al mg/L 26 232
Sr mg/L 1.57 217
Ba mg/L <0.05 <0.05
Ni mg/L 0.095 <0.01
B mg/L 0.93 027
. Fe mg/L 0.48 0.057 «
Na mg/L 283 1100
Mn mg/L 0.138 0.53
Cr mg/L <0.01 <0.01
Be mg/L 039 039
Ca mg/L 588.0 830
- Si mg/L 522 1.95 -
Zn mg/L . 332 251
Sb mg/L <0.05 <0.05
K mg/L 306 325
v mg/L - <0.005 <0.005
As mg/L 0.04 043
Se mg/L <0.05 <0.05
Ccd mg/L 0.38 0.09
Pb mg/L <0.001 <0.001
Ag mg/L 0.95 0.11

CRA T1364-MiscT-T2als



Parameters Units

pH ~ St.Units
Total CN mg/L
Free CN (WAD mg/L
Cyanates mg/L

NH3-N mg/L

CRA 11366-MiscT-T3.xls

TABLE 3

BYG MT NANSEN SITE
INFLUENT TREATABILITY STUDY
Sample/Treatment :
Raw Oxidation (502 dose mg/L) Hydrolysis, pH =6.5 Chlorination, 500 mg NaOCl/L
12/21/97 S02 initial dose (mg/L) 502 initial dose (mg/L)

300 500 700 300 500 700 300 500 700
9.7 9.2 9.2 9 63 6.5 6.5 7.8 7.2 7.6
98 60 42 24 24 45 16 14 05  .006
84 2 38 18 22 3.8 12 11 03 0.02
20 4 26 45 15 2.1 28 16 1.8
29 60 66 52 72 114 55 22 2.5 21



BYG MT NANSEN SITE

TABLE 4

WASTEWATER TREATABILITY STUDY

ANALYSES OF TREATED INFLUENT AND EFFLUENT

Sample
Raw Effluent from 11/16/97

Effluent Oxidized with H202

- Effluent Oxidized and Hydrolized

CRA 11366-MiscT-T4.xls

Effluent Oxidized, Hydrolized and Chlorinated
Influent from 11/21/97 fully treated

Effluent from 11/21/97, chlorinated

pH(St units)
8.16
7.8
6.5
7.3
7.6

7.2

Parameter (mg/L)
Total CN  Free CN
0.18 0.1
0.12 <0.05
0.05 <0.05
0.03 <0.05
0.05 <0.05

0.02

CNO

- 24

18

1.8

NH3-N

497

7.8

18

5.3

2.1

12



-TABLE5

BYG Mt. NANSEN ST.
WASTEWATER TREATABILITY STUDY
RESULTS OF TOXICITY TESTS (MICROTOX)

Sample Toxicity (%)
LC50-5min LC50- 15 min
Raw Effluent from 11/16/97 67 8
Effluent Oxidized with H202 ' 46 5
Effluent Oxidized and Hydrolized 48 6
Effluent Oxidized, Hydrolized and Chlorinated 24 3
Influent from 11/21/97 fully treated 12 1

Effluent from 11/21/97, chlorinated 43 6

CRA 11366-MiscT-TS.xls
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Tel (905) 794-2325
Brar. Jn,Ontario Fax (905) 794-2338
Canada L6T 5B7 1-800-361-BEAK (2325)

Results of 96-hour Rainbow Trout LC50 Test
Reference Method for Determining Acute Lethality of Effluents to Rainbow Trout

Reference Method EPS 1/RM/13.
Rec'd CRA
Client Name: Conestoga-Rovers & Associates
651 Colby Drive DEC 08 1091
Waterloo, Ontario )
N2V 1C2
Attention: Jan Kochany
Sample Name: Treated Effluent
Test Number: 9701193-0
Date Sampled: 27-Nov-97
Date Tested: 28-Nov-97
LC50: >100%
95% Confidence Interval: na
Method of Calculation: na
Comments: 20% mortality was observed in the 100% concentration.

10% mortality was observed in the 50% concentration.
All reported data were cross checked for errors and omissions.
All data generated during testing are held on ﬁlc as required by the test

method applied.
Reference Toxicant Data
Reference Substance: Potassium Chloride
Date Tested: 14-Nov-97
Batch Tested: 97-17
96hr LC50: 4040 mg/L
95% Confidence Interval: 3580-4560
Method of Calculation: Probit
Historic Mean LC50: 3650 mg/L
Warning Limits: 3030-4270
Control Limits: 2720-4590
Comments: Reference toxicant results indicate that test reproducibility and sensmvny

of organisms are within established limits.

Results Verified By: W é%_\_,_”\

Date:

Dee. @ (47



———— -

14 Abacys Rg,
. Gt sa7
ECOTOXICITY SAMPLE SUBMISSION FORM - a..7 /(
ong3
COMPANY NAME: _( o/ EX TG A~ Poo2¢ & fsce cozize
ADDRESS: Vz v / C 2
SAMPLE NAME: %ﬁ ' Ef—fl.//,&/d]"
SAMPLE TYPE: w/FFEA#C
DESCRIPTION OF SAMPLING LOCATION:
DATE SAMPLED:  N/e). 22/77
TIME SAMPLED:: _ &//n0 pl_
SAMPLED BY: Walkt/,
SAMPUNG METHOD (e.grgrab; composite):
CONTAINER TYPE (If not supplied by BEAK: Flache boltlex
Tests HMadas Tests Sedicneat [ So¥l Tests
Teout LCEO Sivecclda growth Gﬂmmm cucvival & growth
Ralabow Trout clagle cone. Ses urchin Hyaletla cundvel & growth
Daphnla magaa LCE0 [Jctumote reproduction [ leattowomm cundvat
Daphails magaa elagle conc. [_ewe cowesset tarvat develop. . Plant emergence and blomass
Fathead Minnow.growtii | Sea Urchila tarval development
Duckweed growth Macine Pofychaeate survival & growth
C_—Jasgut growtn | 1 :
[Tsutond carty Gta stage -
—1 . .
‘CHAIN OF CUSTODY RECORD: T it et T

sample Storage Pdor to Shipplng (€ ax;yl-
Number of Contalner Shipped: /

Method of Shipment (e.g. Alr Canude. Purolatod- éﬁ@, 74 ( )¢ Z Yo, ,55/

Date Shipped:

Shipped By:

Samplo Storege Lacation: 4% ‘
Treatments: compodud:g date: '
hcmgedzed.D date
exlncted:E] date elutrdate, poce water , lcachate ?
odu:cl:] date:

—
——
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Our File: 290-09 A f}‘f
February 24, 1998

B.Y.G. Natural Resources Inc.

General Delivery

Carmacks, YT

YOV 1C0O

Attention: Mr. Graham Dickson

Re: Tailings Impoundment Drainage Control — Evaluation of Alternatives |

Please find enclosed seven copies of the above noted report.

Based on this evaluation, the most effective method of reducing the amount of runoff
entering the tailings impoundment is to line the existing north and west diversion ditches
with an impermeable membrane.

Construction of a diversion on the south shore is not recommended due to the presence of
shallow permafrost and erodible soils. As well, this diversion would intercept only 2% of
the total tailings impoundment watershed area.

Due to the difficulties involved with installation of the liners when soils are frozen, it is
recommended that runoff during the 1998 freshet be collected in a sump and diverted
around the tailings impoundment by pumping. The liners should be installed once the
soils have thawed to a depth of approximately one meter.

The cost of liner installation is estimated at $65,000. An additional $20,000 should be
budgeted for the construction of a temporary sump and rental of large capacity pumps.

It has been identified during this analysis that the original water balance model did not
account for seepage from the diversion ditches. The water balance model should be
updated to reflect this item as well as proposed improvements to the drainage system. ‘

If you should have any questions or require additional information, please contact us at
393-3458./ '
7

Yours tr}fly,

Vista l?{-ginéering

! VICTOR MENKAL

% \GErAToRY/ 4

Victor Menkal, P.Eng.

Box 30,045 Whitehorse YT Y1A 5M2 \ (403) 393-3458 (403) 393-3456 fax www.vistaeng.nt.ca
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Vista Engineering , MT. NANSEN TAILINGS FACILITY B.Y.G. Natural
DRAINAGE CONTROL EVALUATION Resources Inc.

0.0 INTRODUCTION

Excessive amounts of runoff water have been entering the tailings impoundment at the
Mt. Nansen gold mine. This has resulted in the suspension of milling operations and the
treatment of large amounts of water from pond to prevent overtopping of the containment
structures. As well, there are concerns that there will be insufficient storage to

accommodate runoff during spring freshet.

This report evaluates alternatives for reducing the volume of runoff entering the tailings

pond during spring freshet and the open water season.

1.0 BACKGROUND

Figure 1 depicts the tailings pond and associated drainage area. Based on this drawing,

the total area which drains into the tailings basin is approximately 330.4 hectares.

Surface drainage water is currently diverted by ditches on the north and west shores of

the tailings impoundment. There is no diversion on the south shore of the tailings pond.

The north ditch diverts Dome Creek as well as intercepting surface runoff from the area
directly north of the tailings impoundment. The total surface area which is serviced by
this ditch is 281.1 hectares or approximately 85% of the total tailings impoundment

drainage area.

The west diversion ditch extends to intercept the valley and stream located to the south |
west of the impoundment. This ditch intercepts 42.2 hectares or approximately 13% of

the entire drainage area.

290-09 Page 2of 10 26/02/98
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Vista Engineering MT. NANSEN TAILINGS FACILITY B.Y.G. Natural
DRAINAGE CONTROL EVALUATION Resources inc.

Approximately 7.1 hectares or 2% of the watershed located to the south of the tailings
pond is not diverted and drains directly into the tailings pond.

The existing ditches are unlined. Based on in-stream measurements completed in
September 1997, approximately 50% of the water conveyed by the north diversion ditch
enters the tailings pond by seeping through the permeable soils underlying the structure.

The original design brief for the tailings facility had assumed that the soils underlying the
diversion ditches would be frozen and remain completely impermeable during spring
freshet. Based on field observations of the performance of the structures it appears that
there may be some seepage even under fully frozen conditions. This observation has not

been confirmed by in-stream measurements.

For the purposes of this analysis, it has been assumed that 25% of water entering the

ditches during spring freshet will seep into the tailings pond.

Field measurements of snow pack completed by B.Y.G. Natural Resources Inc. staff
indicate that the current water equivalent of the snow pack in the tailings pond drainage
basin is 53mm. Last years snow pack prior to spring freshet was 72mm and the design

snow pack is 100mm.

Table 1.1 provides an estimate of water volumes generated during spring freshet using
current and 1997 snowpack depths. As well the table provides estimates for total runoff
including normal year and 200 year return wet year precipitation in addition to snow melt

assuming that spring melt occurs in one month.

Table 1.2 provides an estimate of the water volumes which will enter the pond during
spring freshet assuming that the diversion ditches will have a seepage rate of 25%. A
runoff coefficient of 0.8 is used as it is expected that losses will be low due to frozen

subsurface soils

290-09 Page 3of 10 26/02/98



Total Runoff During Spring Freshet

Runoff Coefficent 0.8
mA3
Snowpack |Snowpack |Design Avg year [200yr

Feb 8'98 |1997 Snowpack |freshet freshet
Precip (mm) 50 75 100 130 170
South Catchment (ha) 7.1 2840 4260 5680 7384 9656
West Catchment (ha) 42.2 16880 25320 33760 43888 57392
North Catchment (ha) 281.1 112440 168660 224880| 292344| 382296
Total 132210 198315| 264420 343746| 449514

Table 1.1
Runoff Entering Tailings Pond During Spring Freshet
Runoff Coefficent 0.8
25% Ditch Seepage
mA3

Snowpack |Snowpack |[Design Avg year |200 yr

Feb8'98 |1997 Snowpack |freshet freshet
Precip (mm) 50 75 100 130 170
South Catchment (ha) 7.1 2840 4260 5680 7384 9656
West Catchment (ha) 422 4220 6330 8440 10972 14348
North Catchment (ha) 281.1 28110 42165 56220 73086 95574
Total 35220 52830 70440 91572 119748

Table 1.2

Yearly Runoff Entering Tailings Pond
Runoff Coefficent 0.6

25% Ditch Seepage During Freshet

50% Ditch Seepage During Open Water

mA3
Avg Year ~ |Wet Year
Rainfall Rainfall
Precip (mm 161 310
South Catchment (ha) 7.1 12539 18886
West Catchment (ha) 42.2 28823 47686
North Catchment (ha) 281.1 191991 317643
Total 233514 384525
Table 1.3




Vista Engineering MT. NANSEN TAILINGS FACILITY B.Y.G. Natural
DRAINAGE CONTROL EVALUATION Resources Inc.

Items 1 to 4 should be completed by mid March. The installation of the liners

should commence once soils have thawed to a depth of one meter.

Due to the presence of silty and sandy soils along the ditch alignments, it should
be possible to place the liner directly on the excavated and trimmed ditch sections.
The soils excavated during installation can be used to provide a protective layer

on top of the liner with a final backfill of 0.5m of riprap.

4.0 COST ESTIMATES

Table 4.1 presents preliminary cost estimates for lining the north and west ditch. As well,
the cost of constructing a diversion berm on the south shore of the tailings impoundment

has also been estimated.

It has been assumed that the existing riprap will be salvaged during the installation of the
liner in the north diversion. Additional riprap material will be required for the west
diversion. Due to the presence of sandy soils along both alignments, it should be possible
to place the liner directly on the excavated and trimmed ditch surfaces. These soils can

also be used for the protective cover over the liner.

The cost of lining the north and west diversion ditches is estimate at $65,000. An
additional $10,000 should be budgeted for sump construction and pump rental.

290-09 Page 90f 10 | 26/02/98



DIVERSION OPTIONS
PRELIMINARY COST ESTIMATES

Option 1 - Line North Diversion

Item Units
1 Liner m2
2  Prep Hoe Hours
3 Labour Hours
4  Fill Hoe Hours
5  Dewatering LS

Option 2 - Line West Diversion Extention

Item Units
1 Liner m2
2  Prep Hoe Hours
3  Labour Hours
4  Granular Cover m3
5  Fill Hoe Hours
6  Dewatering LS

Option 3 - Construct South Diversion Berm

Iltem Units
1 Liner m2
2 Cat Hours
3 Embankment m3
3 Labour Hours
4  Granular Cover m3
5 Hoe Hours

Quant Unit Cost

3000 4

30 225

160 20

20 225

1 2500
say

Quant Unit Cost

2100 4

30 225

160 20

1500 5

20 225

1 2500
say

Quant Unit Cost

4900 4

100 150

4200 5

200 20

2800 5

50 225
say

Option 4 - Spring Diversion by Pumping from Sumps

Item Units
1 Sump LS
2  Pump & piping rental month

Quant Unit Cost
1 10000
2 5000

Table 4.1

Ext
12000
6750
3200
4500
2500
$28,950
$30,000

Ext
8400
6750
3200
7500
4500
2500

$32,850
$35,000

Ext
19600
15000
21000

4000
14000
11250

$84,850
$90,000

Ext
10000
10000

$20,000
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DRAINAGE CONTROL EVALUATION Resources Inc.

5.0 CONCLUSIONS AND RECOMMENDATIONS

1. A considerable volume of water has been entering the tailings impoundment via
seepage from the existing diversion ditches. During an average year freshet, this
volume could be as high as 90,000 cubic meters assuming a 25% rate of seepage

from ditches during spring conditions.

2. Over the open water period, the total seepage into the pond could be in excess of
200,000 cubic meters.
Je It appears that the original water balance model did not account for seepage from

the ditches. The water balance should be updated to allow for this seepage as well

as any improvements to the diversion structures.

4. Due to the presence of shallow permafrost, readily erodable soils, and relatively
small drainage area, the construction of a drainage diversion on the south shore of

the tailings impoundment is not recommended.

5. The most effective method of reducing the volume of runoff entering the tailings
impoundment is to line the existing north and west diversion ditches with an

impermeable lining.

6. Due to the difficulties associated with construction in frozen soils, it is
recommended that water from the west diversion and Dome Creek be collected in

a sump and pumped past the tailings impoundment during spring freshet.

7. The cost of installing liners in the north and west diversion ditches is estimated at
$65,000. An additional $10,000 should be budgeted for the construction of th_e

collection sump and rental of large capacity pumps.
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LABS
9938-57 Avenue Phone : (403) 438-8522 or DATE 14-Jan-98
Edmonton, AB . 1-800-661-7645 ) P.0. No.
TEE OPS Fax:  (403)438-0366 W.0. No. 147150

PAGE 1

BYG Matural Resouroes
110 Industrial Road
Whitahorse, YK

Y1A 2T8
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Sample ID Sample Description nc - TOC TC

- mg/L mglL - . mglt
1471601 {-1 Plant Effluent 13-30 29.5 372 66.7
147160-2 (-2 Plant Effiuent 14-30 30 36.6 66.6
147160-3 I3 Plant Effiuent 18-30 28.8 39.9 88.7
1471604 -4 Plant Effluent 16-30 29.7 38.8 68.5
147150-6 i-5 Plant Effluent 17-30 28.9 38.1 ° 67.0
147160.8 16 Plant Effluent 18-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>