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April 7, 1997 -

Royal Oak Mines
Corporate Office
5501 Lakeview Drive
Kirkland, WA, U.S.A.
98033 .

Re: Comments on the Draft Report “Socio-economic Analysis of Proposed Control Options
for Royal OQak’s Giant Mine”

-

 Attention: M. Larry Connell -
Manager of Environi{ﬁental" Services

" Dear Mr. Connell:

The purpose of this letter is to respond to the comments raised in your letter of July 11, 1996. 1
apologize for the delay in respondmg, but your comments raised a number of issues that
necessitated us retaining consultants to assist in providing answers. For your reference, I have
enclosed copies of the following reports:

W “Arsenic Emission Control from Pyrometallurglcal Operations” by W. R. Hatch Engineering
Ltd., February 1996; »

B -“Arsenic Emission Control from Pyrometallurgical Operations (Response to Questlons by Royal - }
0Oak)” by W. R. Hatch Engineering Ltd., November 1996; and !
B “Socio-economic Analysis of Three Management Options to Reduce Atmospheric Emissions of H
Arsenic from Gold Roasting” by Resource Futures International, September 1996. . %
Your points are addressed below in the order you presented. o \

Ttem #1 - Concept of a Community Covenant

You indicated that you had concerns about the concept of Community Covenants. The description
in the socio-economic report provides a starting point for further discussion on what a Community
Covenant might look like. In this context, a covenant would function similarly to a Structured
Voluntary Agreement, where participation is voluntary, but any agreement reached would be made
legally binding.
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Item #2 - Existing Human Health Effects

- On the issue of 70 years exposure, this timeframe is consistent with the calculations used in most
epidemiological studies. The final version of the socio-economic report (enclosed) contains a
separate section (3.4) that describes all of the assumptions used in these calculations and emphasizes
the uncertainty. ~

The CPHA: report of 1977 has been discussed in the final version of the socio-economic report.

Item #3 - Téchnological Options to Reduce Arsenic Emissions
The issues that you raised under item #3 refer to information that was obtained by Resource Futures
International from the report “Arsenic Emission Control from Pyrometallurgical Operations” by W.

R. Hatch Engineering Ltd. In order to respond to your comments, we engaged the services of W. R.
Hatch to provide additional information, and we are pleased to enclose a copy of the final report.

Item #4 - Economic Analysis
The socio-economic report has been revised to include the cost data that you provided.

I trust that your concerns have been addressed by this letter and the enclosed reports. If you have
additional concerns or require any other information on our initiative, please let me know.

Sincerely

Ed Collins, P. Eng.
Chief, Environmental Engineering Section

cc. L. Johnston
B. Howard
J. Stard .
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SUMMARY

As part of Environment Canada's action plan for "Reducing Arsenic Releases to the
Environment in the Northwest Territories”, W. R. Hatch Engineering Ltd. carried out an
assessment of arsenic "Control Technology Options". The assessment réviewed‘
literature relating to the chemical and thermodynamic properties of arsenic and its
compounds as it relates to mining and metallurgical processes. The distribution of
arsenic in various pyrometallurgical operations was determined for non-ferrous metal
production. The behavibur of arsenic in roasting, smelting and converting operations was
documented. - '

'Arsenic occurs naturally in various mineralogical forms associated primarily with sulphur,

iron, copper, nickel, cobalt and silver. The behaviour of arsenic in pyrometallurgical
operations is characterized by the high vapour pressure of various arsenic compounds
including the metal (As,) the oxide (As,0,) and the sulphide (As,S,). As a consequence,

arsenic is often vaporized and carried into the gas stream of various high temperature

roasting, smelting or converting operations.

“ The control of arsenic in pyrometallurglcal operations is generally related to one of the
‘followmg

1. Formation of non-volatile compounds of arsenic either in process or in the off-gas
stream.

2. Condensation of volatile arsenic compounds in the gas phase by cooling.

3. Collection of inert or condensed arsenic particulate in electrostatic precnpltators
baghouses scrubbers or combinations thereof. '

Current technolbgy relating to non-ferrous smelters and goid arsenical concentrate
roasters was reviewed. Current technology demonstrates that arsenic concentrations can
be reduced to less than 1.0 mg/scm prior to sulphuric acid recovery or discharge to the
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environment. Several goid roeStihg operations have either designed gas 'oooling-wet :
scrubbing into their flowsheets or have added these onto their current operations.

: ‘A number of gold producers WhICh have refractory arsemcal sulphlde ores have mstalled
Jaltemate technologues to roastmg These alternatives have been reviewed with prlmary

emphases on the autoclave pressure leaching of concentrates and the relative capital and
~operating costs.

s ‘The Giant Yellowknife Mine operetion was reviewed ih terms of equipment, operatioh and
historical arsenic‘ emission records. Current arsenic concentrations in stack gas o
| "epproximate 24 mg As/scm. Basic gas cleaning equipment and procedures have not'
'changed sngnlt" cantly over the last 20 plus years. The limitations of the present
equapment prevent any major improvement in arsenic recovery. '

Preliminary capital costs were obtained for tail gas cleaning by scrubber orwet ,

electrostatic preorputator estimated at $1.1 x 10° and $2.0 x 108 respectlvely These

. ";,,:optlons would reduce the stack gas arsenic to <1.0 mg/sem. Tail gas recovery of arsemo ‘

| “is estimated at +80% for an overall arsenic recovery of +99.95. Pllotmg may be requlred
for some of the tail gas cleaning options. ‘
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ADDENDUM

Comments Received From Royal Oak Mines Inc., NWT Division

- On Page 56, length of the filtration bags should be 127 inches.

. On Pages 64, 66, 68, and 70, there is concern that the capital costs do not include
- allowances for mill shutdown while the new equipment is being installed.

Comment Received From.Government of the NWT, Department of Renewable Resources,

Environmental Protection Division

- 'On Pages 64, 66, 68, and 70, the capital costs include the costs of lining the existing stack. -

Thereis a possxblhty that Royal Oak Mines Inc. will install a taller stack as a result of a
proposed Territorial Regulation governing sulphur dioxide.
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1.0 INTRODUCTION

W.R. Hatch Engineering have been' contradted by Envi'roriment Canada to assess and
report on current state-of-the-art air pollution control technology used in controlling
arsenic releases from pyrometallurgical operations, including gold roasting. The
background and purpose of the study was outlined in the contract, Project No. K2331-
5-0001.

- Objectives of the study were expanded to include a section on aiternate technologies to
'roast_ing which have become available to the gold industry. The pressure autoclave
hydrometallurgical treatment of goid bearing concentrates has been reviewed with
reference to technology and capital and operating costs.

The assessment of fugitive control in the handling of arsenic bearing dusts has not
been reviewed in this study. |
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2.0 THERMOCHEMICAL BEHAVIOUR OF ARSENIC IN METALLURGICAL
SYSTEMS - |

The behavibuh of the variou‘s minerals in the pyrometallurgical operations of roasting,
smelting and converting is related to the stability of these minerals and of comp'ounds

, :formed in the thermo-chemncal envuronment of the unit processes. The temperature

~ and partial pressure of oxygen and sulphur determlne the distribution of the arsenic in
condensed and vapour phases. '

Due to the relatwely high vapour pressure of several compounds (Aszos, As,S,, As,,, s '}
AsCla) arsenic tends to concentrate in off-gas streams from the roastmg, smelting and

- converting operatlons

-~ 2.1 _Arsenic Mineralogy in Non-Ferrous Metallurgx

- Arsenic occ'Li’ts in primary feeds to metallurgi‘cél processes in various 'rﬁrjineralogical : g
- forms. The following lists the principal arsenic-sulphur containing minerals present in |

" gold c'oncentratés, copper concentrates, copper-nickel concentrates and lead-zinc

. concentrates.
Gold Concentrates - "Arsenopyrite - FeAsS
'Copper Concentrates - Enargite - CusAsS4
- Copper-Nickel Concentrates - . Niccolite - NiAs
5 e | - Gersdofite - - (Co,Ni)AsS
- Rammelsbergite_ - NiAs,

- - Skutterudite - CoAs, .
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2.2 Thermochemistgy and Phase Relationships in Arsenic Systems

Reaction of the feed compound can lead to the formation of various stable forms of
arsenic under the temperatures and partial pressures of oxygen and sulphur in the
given unit process. These include As,, As,S,, As,0,, FeAsO, and CuAs some of which
can exist in the solid, liquid or gaseous state under various pyrometallurgibal
environments. In some cases the kinetics of a given reaction may determine the
spedies present in a plant stream under process conditions.

The Arsenic = Sulphur - Oxygen System

The behaviour of arsenic in the roasting of arsenopyrite _is determined by the stability of
the compounds formed. The predominant areas of the various gaseous compounds of
arsenic in the system As-S-O are shown in Figure 2-1. |

At low oxygen pressures which may be encountered in some partial roasting operations

and reductive smelting operations arsenic may be in the vapour phase as As, or As,S,. |
Gokcen' has described the Arsenic System equilibrium phase diagram and the 1
distribution of the various arsenic species.

As the oxygen partial pressure is increased, As,O4 becomes the stable volatile
species. This is the operating region of most first stage gold roasting operations, which
decompose arsenopyrite and evolve the arsenic in the gas phase. In most 2-stagé
roasting operations, the calcine from the primary roast is fed to a second stage where

- the remaining sulphur is oxidized at higher oxygen partial pressures.

High oxygen potentials lead to the formation of more stable, less volatile arsenates
(As,05) and are gerierally avoided in gold roasting operations.

) As,0; is molecular formula for gaseous and common crystalline forms (As,O, is an empirical formula)



The thermodynémics of roasiing arsenopyrite hes been studied ‘and’ reviewed by |
Chakraborti etal®,

' The thermochemical arsenetefoxide equilibria in the system Fe-As-O at 800°Kis
shown in predominance area diagrams of Figures 2-2 and 2-3°. The formation of ferric
arsenate (FeAsQ,) is prevented at low oxygen and consequenfly low As,O¢ parti‘al
pressures. A reducing roast, partial roast, or kinetic factors of a fluid bed-ﬂymg roast

ok would all tend to _prevent the formatlon of ferric arsenate

A review and tabulation of the thermodynamic data for the Fe-As:S-0 system has been
carried out.* Considerable discussion of the roasting of FeAsS concludes that in a
strongly reducrng environment (PO, = 102 atm) arsenic may be volatrlrzed as Aszs3 As

the oxygen potentlal is rncreased up to 101 atm arsenic is evolved as As,O,.. A drsoussuon

of bed thlckne_ss in roasting operations is discussed in terms of oxidation of As,O; to As,05
or FeAsQ,.* The data may not apply to more stable forms of arsenic (Ni, Cu etc). |

The thermodj‘memic properties of various nickel arsenides, niccolite (NiAs), |
rammelsberg‘i't"e (NiAs,) and maucherite (Ni;,As,) in their reactions with O, to form NiO, and
As,0, have been studied over the range 438 - 866°C.° Predominarrce area diagrarhs are
shown in Figure 2-4 and Figure 2-5 for the Ni-As-O system at 800°K to simulate roasting

- conditions. The data show. stepwise oxidation of NiAs to NiO but considering the presence

of metastable eqUiIibria, one would expect incomplete oxidation in a reducing or partial
roast or in a fluid bed roast where the residence time was low. In such cases lower
arsenides of nickel would likely remain in the calcine. Nickel is shown to be more

, arsenophylhc than iron and more aggresswe condltlons are requrred for decomposutron of

~ nickel arsentdes
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2.3 Vapour Pressure of Various Arsenic Species

In the presence of oxygen, arsenides, sulphides or elemental arsenic may be oxidized to
As,Og and volatilized. Downstream temperature reductions may result in the condensation
of As,O, from the gas phase either as a separate product or combined with iron in the flue
dust. -

The vapour pressure-temperature equations for the various volatile arsenic species are
summarized below.

Arsenious Oxide (As,0,)

- The vapour pressure-temperature relationship for As,Og has been studied by numerous
authors. For the low temperature range, the equation for the vapour pressuré of As,O,
- (gas) derived by Brown and Page® from the data of Murray’ has been used for the
temperature range 70 - 180°C.

log P As,O¢(atm) = 6080.6 + 9.9506
. T(K)

For temperatures above 180°C Figure 2-6-shows the vapour pressures for the equation.

log P As,O, (atm) = 5815.8 + 12.127
T(K)

The latter as reported in the handbook of Chemistry and Physics (50th egjition).
The vapour pressure-temperature relationship is given i_n Figure 2-6 and the actual

concentrations are shown in Table 2-1. In the presence of oxygen, arsenides,‘
~ sulpharsenides or elemental arsenic may be oxidized to As,O; and volatilized.
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- Downstream temperature reductions may result i m the condensation of As‘,O,5 from the gas
4 ’phase either as a separate product or combmed wnth lron in the flue dust. - ' ‘

Arsenic (As)
The arsenic system has recently been reviewed.' The sublimation and vaporization
‘pressures of arsenic are k_s‘hown in Figure 2-7 with a vapour pressure of 1 atm at 883°K.
. As,is the primary vapour species at low oxygen and low sulphur partial pressures.
 Arsenic Sulphide (As,S4)
“The vapour pressure-temperature relationship is expressed by:

~ log p(mmHg) = -5100/T + 4.67 %5 over the range 450 - 600°K

- Vapour phase concentration of As,S, are calculated as follows:

Temp °K gAs,S./m®
600 00011
700 0,014
800 0.10

1000 151

1200 8.96

- 2.4 Distribution of Arsenic Reported in Pyrométallurgical Processes : E

A considerable amount 6f information exists in the literature on the béhaviOur of arsenic in
arsenopyrite roasting and in copper smelting and converting.




2.4.1 Roasting

* The conditions under which arsenious concentrates are roasted has a significant effect on
the volatilization of arsenic. Arsenic may be removed in any of its volatile forms As,S,,

As,S,, AsS, As,, As,O; etc. depending on the roasting conditions, sulphur and oxygen
potentials, temperature and residence time. The thermodynamics of roasting arsenious

- concentrates has been discussed by several authors (References 2,3,5,8,9).

The thermodynamics of roasting arsenopyrite concentrates is shown in Figure 2-8. The
primary reactions involve the oxidation of FeAsS as follows:

4 FeAsS + 10 0, = 2Fe,0, + As,0, + 4 SO,

and under an excess of oxygen, formation of stable ferric arsenate:

As,O¢ +2 0, +2 Fe,0, = 4 FeAsO,

[Figure 2-8 shows Boliden data for the thermodynamic stability of iron arsenate, oxides and
sulphides ih the roasting of pyrite for sulphuric acid production.? The Boliden process isa
sihgle stage roast at 850°C. Roasting for gold recovery is normélly carried out in two
stages at lower temperature. Arsenic and sulphur removal are controlled by the oxygen
-partiél pressure. Roasting at Giant Yellowknife is carried out at 500°C with about 0.4% .

~ oxygen in the off-gas. Arsenic and sulphur elimination are 91.6% and 87.9% res'p-ec:tivc-:»ly.9

Experimental data has shown that mildly oxidizing atmospheres sufficient to form As,0,

are more effective in the removal of arsenic than an inert atmosphere at 600°C.# The '
predominance area diagram for the Fe-As-O-S system is shown in Figure 2-8. At low ‘
oxygen potentials, the primary vapour phase is As, while above 10""® atm O,, As,Oq

predominates at 700°C. |



The rate of the various gas-solid reaction is increased by higher roasting temperatures‘ and
in fluid bed reactors, may limit the volatilization of arsenic.

The distribution of arsenic in roasting of nickel concentrates depends primarily‘ on the
temperature, residence time (kinetics), oxygen partial pressure and initial concentration of
arsenic in the feed. |

The behaViour of arsenic in copper roasting and smelting has been reviewéd.? Information
on arsenic distributions in nickel smelting is scarce. A comparison has been made of the -
- arsenic drstrlbutlon in the Inco flash smelting process and the oonventnonal multn-hearth ‘

. roasting - - reverb smeltlng process.!® Figures mdlcateatotal of about 10% of the mput

-arsenic is carried by dust and fume in both the roasters and reverb furnace. The form_ of
the arsenic is not given. Arsenic evolved during a partial roast or reducing roast in a fluid

. bed would be expected to be considerably lower than this value due to the short resrdence

‘ tlme and low oxygen potential. This is in agreement with thermodynamlc data on Nr-As-O s
" who state that one would not expect arsenic to be readily removed from nickel arsenndes at
0, partial pressures well into the NiO stability region since metastable equlhbrla can occur
in which N|As and NiO can coexlst ’

2.4.2 Smelting

In copper srhelting, arsenic entering the reverberatory‘ furnace distributes with an estimated
35% dissolved in matte, 50% in slag and 10% volatilized.” Studies on the distribution of
arsenic between molten slag and matte indicate that arsenio is dissolved in the elemental
form.” Lynch etal'! found the distribution coefﬁcrent of arsenic between copper metal and
slag to be 250 (metal/siag) atan oxygen pressure of 107° atm at 1200°C. Arsenic forms
various _Cu-As intermetallics with copper and has a high affinity for the molten metals.
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Weisenberg et al® reviewed the distribution of arsenic in the various unit processes of
copper smeiters. '

Copper plants which utilize roasters generally roast at temperatures between 540 and
620°C. Arsenic volatilization can range from 5.0 to 90% depending on (1) arsenic
concentration in the feed, (2) type of roaster and (3) the oxygen and sulphur' concentrations
during roasting. '

A survey of reverberatory copper smelters showed that

1. with high As feed (>0.2%), 55-75% of the arsenic leaves in the gas phase and 10-25%
is slagged out. ‘

2. with low As feed (<0.2%), 5-37% of the arsenic generally leaves in the gas phase and
16-55% is slagged out. |

Electric furnace copper smelting with open bath yields distributions similar to _ ,
reverberatory smelters. Where a cold calcine layer is maintained however, volatilization

may be reduced.

The distribution of As in various copper smelters appears to vary widely depending on
process parameters, (temp. etc.) and feed concentration. Low As concentrates (<0.2°/0~)‘
tend to volatilize less As with 4-10% elimination in fluid bed roasting, 25-30% eliminated

in smelting and 25-30% eliminated in converting.

- The influence of terﬁperature on the partial pressure of As,0, is discussed in relation to _
collection efficiencies for various devices. As in other pyrometallurgical operations, the

volatility of arsenic (particularly As,Og) is the major factor in controlling As emissions. The
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influence of arsenic recycle in dusts has a significant effect on the overall arsenic

elimination and distribution.

" The dlstrlbutlon of arsenic was presented by Suzuki et al*® in the Naoshlma/copper

smelter as follows:

~__Stream _ Arsenic(%

IN Concentrate - . 63.3
| Silica. ‘ . 86
Misc Feeds , 12.0

Recycle 16.0

- OUT- Rev. Slag 30.0
. Anode Copper - 126
Conv. Dust + Slime etc. 41.4

Stack (Scrubber) 16.0

it IS estimated that in the early stages of smelting, arsenic sulphide vaponzes and Iater in

" the process, metalhc As, vaporizes. Copper metal has a high aﬁ”nlty fof arsenic.

" The fractions of arsenic reporting to the gas phase varies as the initial arseni.c‘charged to
the copper smeiting furnace.® The figure taken from this work is shown as Figure 2-10.

" Flash fumace shelting tests have been carried out by Inco on nickel conceritrates. *°
Furnace off-gas contains 40% of the arsenic compared to about 22% in conventional
roasting and reverb smeiting. Thirty-eight percent of the arsenic is recovered in the

- settling ch‘ambe_f in similar proportion to copper and nickel which 'indi“cates that the- arsenic
. is in the solid state on entering the chamber or condenses in a solid form at the ehamber
 temperature (700°C). One would expect much higher collection efficiencies in a cottrell

- operating at 150°C. | |
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2.4.3 Converting

In normal copper converting, approxiirhately 70% of the As is volatilized with 16%
reporting to slag. A relatively small amount reports to blister. Arsenic is volatilized early
in the cycle before metallic copper can stabilize the arsenic. In the converting of high
grade mattes the formation of metallic copper is accelerated with an increased

| s’tab‘ilization of arsenic in the molten matte-metal phase. The distribution of arsenic and _'
concentrétion in matte at the final converting stage is shown in Figure 2-11 for two SO,
pressures, ' '

The excellent review of Piret et ai'* has summarized much of the work published on
copper smelters. '
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3.0 ARS'EN‘IC RECOVERY FROM PYROMETALLURGICAL OPERATIONS

3.1 Background

Arsenic is found as an impurity in many materials treated in numerous non-ferrous and
ferrous metallurgical processes. Pyrometallurgical treatment of these materials is
undertaken to produce, as efficiently and economically as possible, primary metal
products free of impurities such as arsenic. Separating arsenic from metal values and
developing methods of controlling emissions of arsénic (and other impurities) have been
of great interest to process métallurgists for decades. Competition amongst metal
producers to offer metals of higher and higher purity has prompted the dévelopment of
processes which yield high purity products. At the same time, limiting emissions to meet
local jurisdictional requirements is a priority.' A highly specialized example of the above
is the processing of gold bearing arSenical materials to recover gold and an arsenical by-
product.® Arsenical preservatives have been produced from these by-products. and are
known throughout the world.? Arsenic trioxide has sold for $2.20 per kilogram to
preservatives pfoducers. The supply has however, often exceeded demand énd only the
highest purity arsenic compounds have found a market.

The presence of arsenic in gold ores can produce a refractory mineral*' frbm which goid
is difficult to extract using conventional methods. Arsenic is only one of a number of
contributors to refractoriness. The goid béaring component of refractory ores is amenable
to gold recovery following an oxidation pre;treatment. Treating refractory arsenical gold
ores often includes a thermal process to liberate the metal values. Effective pre-treatment
of ore via heap leaching has not been developed. As a result, milling and concentration

- steps are typically required which limits treatment to ores with cut off grades in the range
0.07 to 0.08 oz/t. Upgrading or concentrating the refracto'ry compound by flotation is often
an effective means of reducing subsequent processing costs. Flotation tailings losses are
off-set by reduced oxidative pre-tre_atmeh_t and subsequent gold recovery costs. A
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~scavenging treatment of tailings may be possrble to improve the overall gold recovery
’ﬁCommercrally proven optrons for treatlng refractory gold minerals are : ‘

i)‘ Roasting
ii) Pressure Oxidation (Leaching)
iii) Biological Oxidation

S When base metals such as copper are recoverable smeltmg ina TBRC or Slrosmelt

% fumace may be a vrable optlon 41 Alternatives to roasting refractory gold materlals are
~discussed in Section 5. The following sections discuss arsenic processmg and emissions

from a variety of pyrometallurgrcal operations especlally roasting techniques associated

wrth gold recovery.

: 32 Roasting
'32.1 Non Ferrous Roasting

‘Roasting of non-ferrous minerals has been used'* to pre-treat or modify a variety of
minerals prior to a subsequent pyrometallurgncal or hydrometallurgical treatment. Table
| : 3-1 shows examples of oxrdatwe roasting processes operated world-wide for recovery of
various _base metals. The processes produce calcines in sulphate, oxide, and mixed
oXide—'squhide form. Heat liberated from oxidative roasting can often pro\/ide'the
necessary energy to sustain the process. ProceSses which are not au»togerious operate
with supplemental fuel additions. Roasting processes produce an off-gas which is
cleaned to various degrees before discharge to atmosphere.

 Table 3-1 illustrates gas cleaninig for operations which have widely different i
concentrations of arsenic in the roaster feed. Some of these roasters have common gas
- cleaning elements that have been proven highly effective. The arsenic emitted to stack
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gas has been estimated based on the gas cleaning reported® in the literature and the
requirements of sulphuric acid plants. Production of a marketable grade of sulphuric acid,
from SO, in the off-gas, requires a high degree of gas cleaning in order to minimize
product acid contamination and build-up on the catalyst beds. Sulphuric acid used for
fertilizer production typically contains less than 1 ppm As. The gas cleaning.requirements
of sulphuric acid plants built over the last 20 years by companies such as Lurgi, Monsanto
and Chemetics are shown in Table 3-2. Itis estimated arsenic to stack is less than 1
mg/Nm? for recently designed sulphuric acid plants.

The failure of conventional-gold recovery processes in cases of gold bearing arsenical
materials prompted the development of pre-treatments as discussed in Section 3.1. The
roasting process yields a calcine amenable to gold recovery using conventional cyanide
leaching technologies. An overview of technological developments'” '8 2%.25.4 i included
to put the transition to current technidues and their limitations into perspective.

3.2.2 Gold Rdasters

Table 3-3 summarizes gold roasting operations and their associated gas cleaning circuits.
Roasting of refractory gold minerals was first practiced in Australia and later in South
Africa in the first decade of this century. In rhany older references, there is little mention
of gas cleaning except with respect to the recovery of gold values contained in the dust
and fu‘me emitted from the roasting process'” '°.

Fluid bed roasting was developed in the 1920°s in Germany® and was quickly recognized
as a more intense form of roasting with process emissions concentrated in the off-gas.
Removal of arsenic from refractory minerals using fluid bed roasting was reborted about
fifty years ago® and continues to be investigated®®. The benefits of a two stage roast for
optimum arsenic removal was reported in detail in the 1940°s%.. A generic flowsheet of
two stage roasting is shown in Figure 3-1. Gold is generally best liberated by removing
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most of the arsenic and sulphur.2 % ® Particulate containing the gold is generally
‘separated from gaseous arsenious oxide using an electrostatic precipitator. The

. arsenious oxide is subsequentty condensed by direct or indirect coohng with the high
“grade As,0, collected, usually in a baghouse fi ltration. Residual arsenic, mostly in the ‘
vapour state may be removed by further cooling and wet scrubbing of the gas. Certain .
ores do not lend themselves to making concentrates which necessitates treating the
whole ore®37.38.77.78.88,104 iy 5 fluid bed roaster (or other process) A number of these
roasters operate tn the Carlin- dlstrlct of Nevada. [ '

The use of two ESP’s in series, first hot and second warm to capture arsenic trioxide, was
implemented by Boliden''®. Boliden later developed wet gas cleaning alternatives** 5160110
s ;The two ESP’s |n series approach was also implemented at Giant Yellowkmfe and New
Consort with a subsequent switch to baghouse technology for lmproved arsenic recovery
Stack dust loss estimates of 5 to 9 percent (excluding arsenic in the gas phase) of the

roaster output were reported by Giant Yellowknife'” using two ESP s in series.

- "I""he use of bag house_ technology®' to capture arsenic trioxide, shown in Figure 3-1 ;:carne ,
into favour in the 1950°s. Arsenic emissions from the Giant Yellowknife roaster were
reported at 75 mg/Nm?® when operating the bag house at 230 degrees F. Reducing the

‘baghouse temperature to 220 degrees F, reduced the arsenic trioxide concentratnon in the

t stack gas to its current level™ of 23 mg/Nm?. Proposed Canadian standards were
- developed in 1979 based on results obtained from baghouse systems installed at
Campbell Red Lake Mmes Ltd. and Dickenson Mines Ltd.”? The proposed standard was

20 mgle3

Baghouses capture arsenic trioxide precipitated trom hot flue gas by chilling the gas with
air mixed carefully®'® to avoid cooling to the acid mist dewpoint. Mixes of water and air
‘_can be used as well as indirect coohng in a heat exchanger Recovery of arsenic trioxide
is limited by the vapour pressure of As,O, in the baghouse, which approximates 10 to 40
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mg/m3 depending on the gas temperature. Arsenic capture is also related to the quality
and condition of the bag filters. | ’

Large amounts of arsenic trioxide have to be disposed of in secure holding areas when
baghouses are used. Underground stopes'in permafrost was the choice of some
operators and is currently used by Giant Yellowknife Mines. Sales of impure arsenic
trioxide are minimal, hence, up-grading to produce a marketable product was

~ investigated. The WAROX process was developed to produce a high purity arsenic
tridxide from baghouse dust. The refining rélied on the volatile nature of arsenic trioxide
to separate it from minor constituents. Arsenic trioxide markets are also unstable and
with inconsistent sales, inventories of baghouse dust® have grown over the years.

As discussed in Section 2, the vapour pressure of arsenic trioxide at baghouse
temperétures is significant and limits the recovery to about 99.5 percent under ideal
conditions. Ta recover arsenic from the gas exiting a baghbuse, some gas conditibqing
is required. |

It was reported that chilling the gas in a water scrubber and collecting the mist in a wet
ESP® can significantly reduce the arsenic trioxide content. Operators at the New Consort
Mine report® that:

“The mist precipitator acts as a policeman for arsenic that has escaped the baghouse *

Table 3-3 shows that the baghouse is the final gas cleaning step in many operations. In
instances were scrubbers or acid plants clean roaster gases, arsenic emissions are very
low. The latest gold roaster commissioned by Newmont in Nevada, in 1995, has a very

complex gas cleaning circuit, shown in Figure 3-2. Included are mercury removal and -
catalytic conversion of carbon monoxide to carbon dioxide to meet emission regulations.
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The roastlng operatron at Golden Bear Mlnes Brltlsh Columbla treats arsenlcal

concentrates in a fluidized bed roaster 128 Gas cleanmg lncludes cyclones a bag filter
and a wet scrubber, which cools the gas to about 70°C. Alkaline scrubbing effectively

 removes SO, and As,0,. Stack sampling has consistently given arsenic concentrations

less than 1.0 mg/m® (North American Metals Corp.). Scrubbing in aqueous acid media will
effectively remove arsenic without collecting SO,. Some SO, mist will be captured.

Section 4 discusses control options for gold roasters with a variety of current established
technologies. '

3.3 Smelting“' .

| Smelting Of"ffefrrous and non-ferrous metals inherently separates volatile components from

the main metal stream due to the high temperatures needed to form the liquid ;metal,
matte, slag and speiss phases'* %1%, The vapour pressure of various arsenic |
compounds at smelting temperatures tends to transfer these and other volatile |
compounds lnto the atmosphere above the molten bath phases characteristic of smelting
operations. The atmosphere above the bath is vented mto an off-gas handlmg system

As noted in Section 2, arsenic behaviour during smelting depends on the affinity of
arsenic for the condensed phase as well as its tendency to volatilize. This volatile
behavior of arsemc has been recognlzed for many decades. Arsenic produced in the US,
in the fi rst half of this century, was prlnctpally a by-product of copper and lead smeltmgz2
Arsenic was also produced by subllmlng arsenical sulphldes or treating scrubblng
residues®. Metallic arsenic was recovered by reacting the oxide in.a retort with
charcoal®. The arsenic vapour condensed in a cooler connected to the retort. Metallic
oxide as thermally sublimed in a muffle reverberatory or roasting furnaces fired with coke
gas or oil. The recovery of arsenlc was reported by cooling flues, baghouses and hot

Cottrell precrpltators (ESP s). The. technology used to clean flue gases has been ‘
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available for decades® #:%.%  Gas cleaning developments to recover arsenic trioxide
efficiently have been refinements in many instances'®.

Table 3-4 shows examples.of off-gas cleaning systems for smeiting operations in various.
parts of the world. Smelter unit operations operate with increased intensity due to
improvements such as flash furnace development and oxygen enrichment. The
concentration of SO, in the off-gas from recently designed smelters is sufficient to
‘manufacture sulphuric acid. This process requires a high degree of gas cleaning as
discussed in Section 3.2. Materials recovered in the gas cleaning circuits of modern
‘smelters have to be processed themselves. This results in interesting recycl_e/loops of
arsenic bearing materials'® or fixation circuits®” %%, A generic flowsheet outlining the
complexity of recycles in smelters with effective gas cleaning circuits is shown in Figure 3-
3. Sludge materials are treated to recover high purity arsenic in certain smelters® %4, Thep1434Y
percént of the arsenic in the feed volatilized during primary smelting was discussed in
Section 2. The wide range of arsenic concentrations reflecfs its dependence on factors
such as temperature, weight distribution and gas flow conditions. This complicated

~ behaviour of arsenic makes modelling arsenic distribution difficult.

The complex behaviour of arsenic is described in an overall flowchart for the copper
smeiter in Naoshim_a shown in Figure 3-4. In this instance, two primary smelters operate
in parallel with recycle arsenic totalling about 14 percent of the feed arsenic. Arsenic is
managed in this case by treating converter dust separately and scrubbing the 6ff-gas to
produce a sludge. The concept of treating materials collected in gas cleaning syétems
separately to avoid build-up by ret:ycling was also adopted by Kennecott in their new
smelter in Utah. Metallurgical complexes, i.e. Boliden, at times combine off-gases from
various processes and treat the blended gas in acid plants or liquid SO, plants 3.1, |

Roasting, compared to smeiting, is essentially a once through process, with few impurity
recycles, which makes dealing with arsenic in roasters generally a more direct matter.
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Although many non-ferrous smelters recover arsenic by gas cleaning prror to aord
productlon a number vent the off-gas to stack after collecting partrculates in electrostatrc
precipitators. The gas may be cooled to only 150 to 200° C at which temperature arsenic
trioxide has a high vapour pressure and theoretically could retaih arsenic at concentrations
of'0.4 to 13.0 grams/m?>. In the presence of excess air however, arsenic trioxide vapour
may react with various metal oxides in the off-gas. These are collected in the ESP as
particulates and limit the disch‘arge of arsenic to the atmosphere (see Section_yz.O).‘

3.4 Converting

Table 3-5 illustrates the difficulty in economically controliing emissions fromv Peirce-Smith
converting operations. The'off’-gas is produced intermittently and the'SO2 'concentration

\ ‘ﬂuctuates - The major smelters in Canada vent converter off-gases to atmosphere after gas e

‘ cleanlng whlch is essentially particulate removal. Gaspe Copper i in Murdochvrlle has
' treated converter gas in a sulphuric acid piant. -

Arsenuc is dlstrlbuted between the condensed, liquid and gaseous phases durmg convertlng

as discussed in Section 2. - A common outlet for arsenic is the converter slag |f it is cleaned .

of metal values and dlscarded at a land fill site. The metal or matte product from a smelter
also contams arsenic thCh is typically eliminated further during refrmng as in the case of
blister coppér.

Arsenic in the off-gas is not typically as concentrated as in the case of gold roasting
operatrons treating arsenopyrrte During convertlng, arsenic tends to prefer to assocrate
wrth metal oxides in the flue dust which reduces its actlvrty and the vapour pressure of
arsenic in the gas. Thisis dlscussed in more detail in Section 2. As a result, temperature-
vapour pressure relationships for arsenic can vary greatly depending on concentration and
other compounds present. This tends to reduce the arsenic emissions from smelter stacks

o

if particulate recovery is efficient. -
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Attempts to model the behaviour of arsenic during converting at TSUMEB’s smelter have
been inadequate™ due to the difficulty of accounting for the affinity of arsenic for the

condensed phases. A low matte grade tends to promote the volatilization of arsenic' due

to the delay in forming a coppér phase. Converting low grade matte resuilts in 75 to 90
_percent of the arsenic transferring to the gas phase. Converting higher grade flash
furnace matte results in 40 to 50 percent of the arsenic reporting to the gas phase as
discussed in Section 2. -

3.5 Sintering

Sintering of base metal minerals has had to contend with volatile impurities emitted from
the process due to the high temperatures and large gas volumes associated with this
process. Sintering is typically used to agglomerate minerals pi'ior to smelting. The
agglomeration helps contain the mirflerals within a smelting furnace until smelting
reactions occur. Sintering has been replaced by flash furnaces and roaster/electric
furnace smelting processes. Sinterihg is still practiced in lead and lead/zinc operations
IWhich employ blast furnace technology for successful recovery of metal values.

Maximum removal of arsenic is considered beneficial during sintering since subsequent
removél is usually difficult'*. The burden to control arsenic emissions falls to the gas
cleaning circuits treating sintering off-gases. Examples of sintering operations and their
gas cleaning trains are shown in Table 3-6.



AIR/H20

'

CONCENTRAT! TWO STAGE OFF-GAQ ELECTROSTATIC ) - GAS ' )
(AS-8) E’ ROAST ER T PRECIPITATOR - | COOLER"
| .
| |-
1 }
CALCINE TO o S | H20
GOLD RECOVERY ' ~ : .

BAGHOUSE
FILTER

T

COOLING,

SCRUBBING

~ WET ESP

As203

. As203:

son.UTuBﬂ

v

GAS TO STACK

" FIGURE 31 FLOWSHEET OF A GENERIC GOLD ROASTINGIGAS CLEANING OPERATION

W
=]




' REFRACTORY
GOLD ORE

PYRITE

'

CIRCULATING WASTE r

] MIST
BED »| HEAT f(—o 3| ESP —""-)scnusame — PRECIP'N

ROASTER : BOILER |

AIR + OXYGEN

| MERCURY " ACID co , | B
[REMOVAL ‘  PLANT r———————3p| CONVERTER [————Fp| STACK ) | ATMOSPHERE

FIGURE 3-2 GOLD ROASTING ClRCU,lT NEWMONT NEVADA - COMMISSIONED FALL 1995

“1¢




~ CONCENTRATE

| >$

SLAG = PRIMARY |
A—| CLEANING €——| SMELTING |-~ GAS  — =% *P.0, ATMOSPHERE
— PYRO CLEANING A
| : SECONDARY i o
: "~ GAS » *P.0,
ferree rrieerm esamenesiteninse! ) . ’ ;
I.E. WASTE CLEANING . | - A '
HEAT BOILER L TERTIARY
5D 2 GAS
IL.LE. ESP | CLEANING
| \4 ILE.ACID &
| _StAG | . PRIMARY PLANT ! °
e CLEANING |~ |CONVERTING | - - P> GAS >» * P.O, o 9
FLOTATION | . ' CLEANING e . *PoO,
- % | ATMOSP
I.LE. SPRAY , THOSPHERE
CHAMBER SECONDARY A
*P.0, - POSSIBLE OUTLET | »  GAs »+p0,
| / ' CLEANING
M R | TERTIARY
BLISTER S ~GAS
COPPER LLE. ESP CLEANING
i ~ LE.ACID z
PLANT v

FIGURE 3-3 GENERALIZED SMELTER FLOWSHEET SHOWING RECYCLES AND ARSENIC OUTLETS

1




33.

Figure 3-4

ARSENIC BALANCE IN THE NAOSHIMA SMELTER
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ESTIMATED

: e e ARSENIC
ROASTING NO.OF ROAST MATERIAL B CAPACITY .- GAS CLEANING ; TO STACK .
Falconbridge _ 1 Partial - Cu-Ni Conc. Sudbury 1060 Cycl., ESP, Scrub., Mist Ppt., AP, Stack <1 108
INCO B 1 Dead FeS Sudbury WHB, Cycl., ESP, Scrub., Mist Ppt., <1 118
| . o : S Ontario ' AP, Stack et .
Kidd Creek 1  Dead 2znConc. Timmins - WHB, Cycl., ESP, Scrub., Mist Ppt., o« 127
' ‘ Ontario AP, Stack
Comindo_ 1 Dead Zn Conc. Trail Cycl., ESP, Scrub., Mist Ppt., Hg Rem'l, - <1 94, 125 s
‘ | Y BC : _ * AP, Scrub., Stack _
Can.ElectrolyticZine 1 = Dead ~2ZnConc Valleyfield ' ~ Cycl., ESP, Scrub., Mist Ppt., SRS 126
. S ‘ o : o Quebec _ Hg Removal, AP, Stack el
Pasar 1 Patial : 200 NA » 14
. : Philippines ~
Boliden | 1 Dead Py Ronnskar : ' - Cycl, hot ESP, cold ESP, Stack = >400 1 15
: : PR Sweeden : B : S
Quimigal L 2 Dead  PyConc. Bareiro =~ | S N/A" B 14
. Portugal ‘ :
Boliden | 1 Partial Mixed Ronnskar Cycl., ESP, Scrub., Mist Ppt., AP, Stack | <1 ' 110
. Sulphides Sweeden ' b
; ABBREVIATIONS EL R ‘
- |WHB (Waste Heat Boiler) . " - MistPpt.  (Mist Precipitator) -
 ICycl. - (Cyclone) AP - (Acid Plant)
- |[ESP (Electrostatic Precipltator) ’ MTPD (Metric Tonnes Per Day)
IScrub.  (Scrubbers) _ - NA (Not Available)




: TABLE 3-2 :
GAS CLEANING FOR SULPHURIC ACID PRODUCTIO

IN SMELTERS
SCRUBBER SCRUBBER , ESTIMATED
TYPICAL TYPICAL ACID GAS TO
| INLET OUTLET  CONTENT STACK
| IMPURITY mg/Nm3 mg/Nm3 ppm mg/Nm3
Chiloride as Cl fume - 126 1.2 |
Flubrides as F fume 25 0.25
Arsenic as As203 fume 200* 1.2 0.5 <1
Lead as Pb fume 200 .12
Mercury as gas 25 0.25.
Selenium as gas 100 . 50
Particulate 1000 1.2
Acid Mist as H2S04 : - 50

* Noranda's Home smelter (57) reported instantaneous values of 947 mg/Nm3 arsenic
trioxide at the scrubber inlet and an arsenic in acid product of 0.5 ppm.

Ge



ESTIMATED

incl. carbon Nevada

*'Notin Operatlon Dec. 1995 :
** Boliden single stage was installed and abandoned in favour of a 2 stage
Abbreviations Listed in Table 3-1

Dble AP, CO catalyt. oxidiz., Stack

i : L RS & S ARSENIC
ROASTING NO.OF MATERIAL ’ CAPACITY  GASCLEANING TO STACK
“Giant Yellowknife : 2 . AsPy Yellowknife 180 Cycl. ESP, Baghouse, Stack 23 9,71,17
Stibnite - NWT A - » :
Campbell Red Lake * 2 AsPy,Py Baimerton 55 Cycl. ESP, Bagho.use, Stack >15 18,19,20
; = ‘ Po Ontario : . ' ' :
- Dickenson Mine * 1 | AsPy, Py Balmerton 60 Cycl., Hx, Hot Baghouse, >15 70
Po Ontario Warm Baghouse, Stack :
. KerrAddison* . 1 Py Conc. Kirkland Lake: 80 WHB, Cycl., Stack >70 70
Golden Bear* 1 Mixed: Py Muddy Lake Cycl., ESP, Scrub., Stack 02 98,
incl. carbon ‘BC " priv. comm.
Cortez Gold ' 1 N/A n/a <10 14
‘ . Nevada - ; B
~ Elindo 1(MH) CuConc. LaSerena Cycl., HX, ESP, Baghouse - >15 58,8114
: Chile Stack '
Transvaal Gold Mining 1 " Cupyrite E. Transvaal 14 Cycl., Scrub., Mist Ppt., AP, Stack <1 52
(1959) , ’ S. Afiica : :
 New Consort™ 2 Aspyrite  E.Transvaal ~ 100 Cycl, ESP, Baghouse, Scrub., <1
' “(1988) T  S. Africa i Mist Ppt., AP, Stack
Newmont Gold ‘ 1 . Mixed Py o XXX WHB, ESP, Mist Ppt., Hg Twr., <1 76, .78

9¢




TA 3-3B COMPARI

ROASTING NO. OF MATERIAL
ERATION STAGES ROASTED

Kalgoolie Mining 1 Py and
- Tellurides
Danly ' 2inone AsPy/Py
: shell
North Kalgurli 1 Py
Harmony Mine -1 Py
Lancefield Mine 2 ~ AsPy
Windarra Project -
Darasun ‘ AsPy
Big Springs Py Ore
- incl. Carbon
Jarret Canyon - Py Ore
incl. Carbon
NOTE:

Emissions as per date of reference.
Several plants not currently operating.
Abbreviations listed in Table 3-1

F CLEANIN

LOCATION

Fimiston
W. Austrailia

‘Gatoorna
Zimbabwe

Fimiston
W. Austrailia

Orange Free
State, S. Afr.
Austrailia
USSR

USA

USA

CAPACITY
MTPD
75
47
75
240
80
14

N/A

N/A

GAS CLEANING
UNITS

Cycl., ESP.

Cycl,, Dust Pot,
Stack

Spray Chamb.,
ESP, Stack

AP, Stack
Hx, ESP, Baghouse
Cycl., ESP,
Cold Box Stack -

N/A

N/A

ESTIMATED
ARSENIC
TO STACK

_mg/Nm3
>100
>1000
>100
<1
10
>1000

<10

<10

Reference
14

30
14
14
36, 31
24
14

14

LE



SMELTING FURNACE SMELTER MATERIAL
OPERATION = PRODUCT TYPE SMELTED
| ‘.Home Smelter ~ Cu Matté" ~ Noranda Cu Conc.
e Reactor
- Inco Smelter Cu Matte. Flash Cu Conc.
_ ‘ Fce
| %él‘conbridge - CuNi Ma't\t'e. Roaster CuNi Conc.
" Smelter ' :
Naoshima CuMatte = Reverb. & = Cu Conc.
- Smelter - Continuous .
Sumitomo Arsenic Refinery Arsenic
Refinery Metal ' Siudge
Hudson Bay Cu Matte Reverberatory Cu Conc
G Furnace

~ Mining

* Electric furnace off-gas is not treated in the aC|d plant

" "Abbreviations listed in Table 3-1

CAPACITY
LOCATION MTPD
Noranda 1850
PQ
- Sudbury 1100
Ont.
~ Sudbury 1060
- Ont
Naoshima 1480
Japan
<10
Japan
Flin Flon N/A

-~ Manitoba o

GAS CLEANING
UNITS

Hood, ESP, AP, Stack

Spray Chamber, Scrub.,

AP, Stack

Cycl., ESP, Scrub.,
Mist Ppt., AP, Stack

Cycl., ESP, Scrub.,
Mist Ppt., AP, Stack

Scr., Mist Ppt., Scrub.,

Stack

Esp, Baghouse, Stack

ESTIMATED
ARSENIC
TO STACK

_mg/m3

'<1, 

N/A

Reference
57,123

122

119

121 -

84

verbal com.

8




ESTIMATED

MATTE : ARSENIC
SMELTING FURNACE CONVERTER MATERIAL CAPACITY* GAS CLEANING TO STACK
INCO Smeiter BlisterCu PS Cu Matte Sudbury 192 Hood, ESP, Stack N/A . 117
Ont. : .
Horne Smelter Blister Cu . PS . Cu Matte Noranda 1698 Hood, ESP, Stack NA . 116
' : PQ
TSUMEB Blister Cu " PS Cu Matte - N/A Hood, ESP, Stack N/A 54
: Africa ‘ B
Hudson Bay Blister Cu PS . Cu Matte Flin Flon 485 Hood, ESP, Baghouse N/A 117
Mining ‘ Manitoba ’ ~ Stack
‘Gaspe Copper Blister Cu ‘PS Cu Matte Murdochville 578 Hood, ESP, Scrub., <1 117
' . PQ Mist Ppt., AP, Stack
- Kennecott Blister Cu Continuous ' Cu Matte Salt Lake City N/A WHB, ESP, Scrub, ' <1 117
Copper Utah Mist Ppt., AP, Stack
Falconbridge CuNi Matte - 'PS Cu/Ni Matte Falconbridge 354 Hood, ESP, Stack N/A 117
: ' ’ Ont.

* Nominal plant capacity for active converters
** PS refers to Peirce - Smith
Abbreviations listed in Table 3-1

6¢




: Bifdhswick Mining

SINTERING
OPERATION

PRODUCT
Feed -

Blaét Fce
Feed

Falconbridge*

Blast Fce

Algoma Steel *
TR TN Feed .

Blast Fce
Feed

Cominco

S

*Nolongerin operation
- Abbreviations listed in Table 3—1

FURNACE SINTERING

IYPE

Blast Fce - Down Draft‘

Strand

Down Draft
Strand

Strand

Down Draft
Strand

MATERIAL . CAPACITY
SINTERED LOCATION MTPD
‘PbConc.  Belledune 1100
CuNi Conc. Sudbury 1500
Ont.
iron Ore Wawa N/A
BN Ont.
Pb Conc. Trail 1450
B.C.

GAS CLEANING
UNITS

Hood, ESP, Scrub.,
Mist Ppt., AP, Stack

Hood, Cyclone,
Stack

Hood, n/a, Stack

Hood, Scrub., Mist Ppt.,
Liq. SO2 Pt., Stack

ESTIMATED
ARSENIC
TO STACK

-mg/Nm3

<t

NA

N/A

<1

124

014

120

125
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4.0 GENERIC ARSENIC CONTROL OPTIONS AND EXPECTED ARSENIC

"RECOVERIES

Arsenic control options considered were divided into two principal categories as shown in
Figure 4-1 :

» Processes which treat the roasting baghouse tail gas and,

« Processes which are alternate treatments to roasting

Alternatives to roasting are discussed in Section 5.

Treating the tail gas is a viable option. Current technologies designed'to address the
removal of residual amounts of contaminants from process gas streams are well
established. The technologies investigated were:

» scrubbing

+ gas conditioning followed by electrostatic mist precipitation

» activated carbon adsorption

Tail gas scrubbing offered by Turbotak in Waterloo Ontario was considered due to the
compact, high intensity sprays available in their equipment. Scrubbing inherently cools
the gas to precipitate the arsenic and collects about 80 percent on fine water droplets.

~ The main energy consumer in this form of scrubbing is compressed air used for water
atomization. The scrubbing step is followed by mechanical mist elimination. The process
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‘ gas proceeds to the stack vra a booster fan. A stack liner is required due to the moist

n nature of the gas. Table 4-1 compares arsemc recoveries using tail gas scrubbmg and
the other options. Capital and operating cost are’ presented in Section 6. Detarls of the
equipment are shown in Appendix . Turbotak have indicated a willingness to operate a
pﬂot scrubber at a site such as Giant Yellowknlfe to confirm their predictions.

Sugnlt” icant tail gas arsenic removal is possible by condltlonlng the gas by coohng ina low

i pressure drop venturi scrubber followed by treatment in a wet electrostatlc prec:pltator

Gases from the wet mist precrpltators proceed to the stack using a booster fan ‘A stack
| liner is also included. The tail gas recovery of arsenic following baghouse collection is
estimated at 95 percent using this technology producing an overall arsemc recovery of
'>99 9% and an As,0, concentration of <1.0 mg/m® in the stack gas. By adding additional

o mnst precipitator modules, the arsenic recovery from the tail gas couid be lncreased to 97 ‘“ .

- percent Collectmg the acid mist (i.e. SO,) will be a bonus using this approach ‘A version
‘of this equupment is offered by Environmental Corrections Inc. (Cahfomta) as shown in
Table 4-1. Details of the equlpment are presented in Appendix |.

A second version of the gas conditioner-mist precipitator combination is available from
ABrothermrca in Montreal. This is an integrated desugn from France. ThIS equipment is
_used on munrcupal mcmerators The arsenic recovery after baghouse collectlon forecast
s 90 percent as shown in Table 4-1. ' ‘

Arsenic in the vapour state can be removed by passing the tail gas through a slurry of
activated carbon. The forecast arsenic recovery is over 90 percent. Operating costs are
highest for this option since the carbon must be replaced on a regular basis. An
addrtlonal scrubbing tower us:ng an actlvated carbon slurry added to the Blothermtca unit
g provrdes for an extra degree of arsenlc removal The costs associated wnth thls option are
shown in Section 6. | |
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Capital costs were developed based on »vehdor equipment budget quotations to treat
‘gases from a site such as Giant Yellowknife™’. These costs are shown in Section 6 and
the vendor data in Appendix i.
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" FIGURE 4-1 ARSENIC CONTROL OPTIONS FOR GOLD ROASTING




TEM

EQUIPMENT
DESCRIPTION

ARSENIC REMOVAL
FROM TAIL GAS

STACK ARSENIC
CONCENTRATION

PILOTING AVAILABLE

-1 COMPARISON OF TAIL GAS CLEANING OPTION

TURBOTAK ENV. CORR. BIOTHERMICA
" UNITS SCRUBBER MIST PPT. LAB

Scrub., Ancil. Tks, Scrub., Ancil. Tks, Scrub., Ancil. Tks,
Pumps, Fan, Pumps, 4 Mist Ppt, Pumps, Mist Ppt,
Mech. Mist Elim., Fan, Stack Liner  Fan, Stack Liner

Stack Liner
% 90 95 : 90
mg/m3 <1.0 <1.0 <1.0
YES ‘NO YES

BIOTHERMICA
OPTION 3 PLUS
CA AD

Scrub., Ancil. Tks,
Activated carbon Scrub.,
Pumps, Mist Ppt,

- Fan, Stack Liner

>90
<5.0

YES
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5.0 ALTERNATE TECHNOLOGIES FOR GOLD RECOVERY FROM ARSENICAL -
SOURCES - |

5.1 Background

Alternatives to roasting asa means to treat‘refractor‘y minerals have been investigated-
and reported> 45 83.89.76,90.86.101 \hich improve Au recovery and or meet emission
requirements. Figure 4-1 shows alternatives to roasting as:

-P’reeéure Leaching

Atmospheric Leaching

‘Bioleaching

Fine Grinding

The first three operations are commercially demonstrated and are discussed in the "
following Sections. Fine grinding is an approach reported by Metprotech® ' in South
Africa. Commercial applications could not be identified hence this approach Will_not be
discussed further. | '

Proces‘s‘fopt,ions are reviewed in the following sections of the report.
5.2 Pressure Leaching
A number of gold mills employing roasting to- treat refractory mmerals have evaluated or

swntched32 B985 g hydrometallurglcal approach. Figure 5-1 shows a generic flow
sheet for pressure oxndatlon Table 5-1 lists examples of gold mills which have adopted
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pressure oxidation to treat refractory feeds. As with roasting, the main purpose of
pressure leaching is to-break down arsenic bearing sulphide minerals to permit
conventional leaching of goid.

. Pressure leaching involves reacting feed with oxygen at 1800 to 2200 kPa and
temperatures in the range 180 to 210 degrees C. in autoclave reactors. The solid residue
after oxidation'® contains a mix of ferric arsenate, ferric oxide, basic ferric sulphates,
jarosites, arsenic in ferric oxyhydroxides, gangue, preéiqus metals and sometimes

- elemental sulphur. Arsenic in solution is treated in a neutralization circuit. The ultimate
tailings from this process contain ferric arsenate, calcium arsenate, complex arsenates
and adsorbed arsenic on ferric oxyhydroxides.

The stability of arsenic in gold mine wastes produced by pressure leaching have been
investigated. The precipitation of a range of compounds such as ferrous and ferric
arsenate, barium arsenate, titanium arsenate, magnesium-ammonium arsenate, and
arsenic sulphide have been sugg'ested for removing arsenic from waste water. The two |
major compounds which form in commercial operations are calcium and ferric arsenate.
The other major component is ferric oxyhyroxide.

Capital costs relating to the installation of pressure leaching circuits are
documented.58%787 The Campbell Red Lake retrofit projected capitél costs at $23.6
million (C) (1980) including Iicerising and tailings area preparation. Capacity was rated at
71 tonnes concentrate per day.* Major capiial expenditures are involved in converting
from roastihg to pressure leaching of refractory gold concentrates. A thorough study of
capital and operating costs must be carried out along with studies to determine gold |
recovery. Preliminary test work., has been carried out on the pressure oxidation and
recovery of gold from Giant Yellowknife concentrates.® |
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5.3 Biological Leaching ©

An alternative to chemical Ieachi.ng is biological leaching which employs baCtéria to
modify the refractory minerals-for gold leaching. Oxidation of sulphides by Thiobacillus
Ferrooxidans is a natural phehomenon and can be observed in most sulphide
orebadies*’. The bacteria behave as catalysts and, under ambient conditions, can
accélerate the oxidation reaction by factors of several hundred thousand to a,mi_llion.

~ In bacterial oxidation, selective oxidation is well documented®. High gold extractions are

possible with only partial oxidation of arsenopyrite and little oxidation of pyrite.

Obs'erva'tions‘of bacterial attack along grain boundaries, where golid often resides, may
'explraiyh:.this.: Selective oxidation by bacteria can reduce requirements for oxygen, lime .
and limestone. A consequence of this phenomenon is that unoxidized sulphides are
disposed of in tailings compounds. Long term stability of suiphides in tailings'" h_eeds to be

~ ensured so that acids are not formed leading to heavy metal poliution.

: In bio-oxidation as in pressure oxidation, the sulphide minerals are reacted tb foriﬁ a
variety of compounds, such as sulphates, as described in Section 5.2. Oxidation of one -
ton of sulphur requires two tonnes of oxygen. This dxj/gen requirement is the same for
whole ofe or concentrate treatments. For concentrates, considerable cooling or pulp
dilution is necessary to maintain the process temperatui'e in the range 32 to 37 degrées C
for Thiobacillus Ferrooxidans. The cooling requirement can negate the advantages of
treating concentrates instead of ore. A further design consideration is the oxygen mass
transfer. In bio-oxidation; oXygV"efﬁ"trahsfer is slow compared to other processes. The
implicaﬁon is that power costs to provide oxygen increase more rapidly with increasing
sulphur in the feed than for other processes. Neutrali‘zinrg sulphur in process tailings is
significant and expensive. Neutralization at an Australian bic-leach plant Were over 35
percent of the total operating costs™. ‘
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The optimum form of arsenic for stable storage is the pentavalent species. This form
produces a more stable, crystailine ferric arsenate. Bio-oxidation can produce a trivalent
arsenic for disposal which requires an additional process step to produce pentavalent |
arsenic in a stable form for tailings disposal.

A summary of bio-oxidation plants is shown in Table 5-2. Plants have been built in the
US Brazil and South Africa and considered for other sites. Bio-léaching was evaluated
for Dickenson Mines in northern Ontario®. Operations in Nevada, at U.S. Gold, were
maintained through both summer and winter seasons®. There are no reports of bio-
‘leaching in arctic regions.

Successful operations have been reported at Fairview in South Africa where bio-leaching
re'place‘d roasting. At Sao Bento, near Belo Horizonte, Brazil, capacity of the existing ‘
pressure leach plant will be supplemented with a bio-oxidation facility installed in tandem
with the autoclaves to take advantage of the synergisms between the two processes.

The cost of a bio-leaching plant, to replace the existing roasting operation at a site such
as Giant Yellowknife, would cost approximately $35 million. Operating costs are
estimated to be similar to current costs with the exception of tailings neutralization
treatment lime/limestone costs which increases the pre-treatment cost to $98 per tonne
from $78 per tonne. '

5.4 Atmosghéric Leaching

_Low pressure or atmospheric leaching has been developed as an alternative to pre-
treatments previously discussed. Process equipment is simplified by avoiding, for
example, the use of autoclaves. Examples of this pre-treatment approach are : Nitrox
_Process and the Redox (formerly Arseno) process. Both these processes are based on
nitric acid as the |eac‘hing agent.




50 -
Many 'reVi'eWS of pre-treatme‘nts»for refractory'rr\inerals describe atmospheric leaching as
a process which holds potential but has not been demonstrated beyond the detailed

feasibility study stage. The Redox process |s to be used at the Cinola site in Brltlsh
Columbia and at Snow Lake in Manitoba. '

" The overall chemistry of the two process cited above is similar but there are distinctive

differences in operai_ing temperatures, pressure and the means of recirculating nitric acid.

" The Nitrox process uses soluble calcium nitrate to recirculate nitric acid. On lower
sulphide feeds the Redox process uses air regeneratnon of mtruc acrd and atmosphenc
leach vessels = L i

A summary of operatrons using this technology is shown in Table 5-3 Capital costs for
eommercral plants have not been reported in the literature. Estlmates suggest a Nltrox

plant for a sutuatron such as the one at Giant Yellowknife would be 1 2 times the capltal |

cost of a pressure leach plant.



- FIGURE 5-1: GENERIC PRESSURE OXIDATION FLOWSHEET
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TABLE 5-1_SUMMARY DESCRIPTIONS OF PRESSURE LEACHING OPERATIONS

CAPACITY o
ERATION LOCATION MTPD REFERENCES
~ ConMine Yellowknife 96 100

(Miramar) -~ NWT ' w2

McLaughlin _ : 14

(Homestake) Calif.

Goldstrike Carlin 1363 69
(Barrick)  Nevada : .

Sao Bento T o

(Gencor) - Brazil R 102 -

-Getchell

(FRM)  Nevada 102



BLE §-2 A CRIPTION QF BIO-OXIDATION PRE-TREATME PE |

MATERIAL CAPACITY :
OPERATION LEACHED LOCATION MTPD REFERENCES
| : &
Fairview Mine Py/AsPy South Africa 12 41
Gencor

U.S. Gold ‘ Tonkin Springs 1500 141
: Nevada




TABLE 5-3 SUMMARY DESCRIPTION OF ATMOSPHRIC LEACHING OPERATIONS

L 'MATERIAL  CAPACITY

OPERATION LEACHED LOCATION MTPD REFERENCE§
: ‘ o
_ Cinola - Vein Sulphides  Queen pilot 41
(City Resources) , Charlotte scale -
| Islands B.C.
Snow Lake Arsenical pilot 41

(Sikaman Resources) Tailings , scale
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6.0 ARSENIC EMISSION CONTROL AT THE GIANT YELLOWKNIFE MINE

6.1 Background

The Giant Mine is located just north of the city of Yellowknife in the Northwest Territories.
The mine commenced product.ion in 1947. The mine was previously owned by
Falconbridge Limited and Pamour Resources Limited with its current owner Royal Oak
‘Mines Inc. (Kirkland Washington) operating the facility since 1990. Several excellent’
descriptions of the operation are found in the literature covering the roasting and gas
c!eaning circuits. (L. Connell, B. Cross, Ref. 9 and references therein.). Additional
information was supplied by Royal Oak personnel.

The ore was found to be refractory in that a considerable portion of the gold was locked in-
pyrite and arsenopyrite minerals and was not amenable to conventional cyanide leaching
processes. Roasting operations commenced in 1949 with an Edwards type hearth roaster .
which was replaced in 1952 by a two-stage slurry roaster. In 1958 a larger two-stage fluid
bed slurry roaster was installed with a baghouse for improved collection of arsenic. Mill |
tonnage approximated 1000 t/d with the flotation concentrate comprising the feed to the
roasters. '

Flotation concentrates are thickened to 75% solids and spreyed into the first stage of the
roaster. Air is introduced through tuyeres at the bottom of the roaster to oxidize sulphide
and sulphide-arsenide minerals at low oxygen partial pressures. At a temperature of 925°
F, arsenopyrite is decomposed and most of the arsenic is volatilized as As,0,. The roast
is autogenous with no additional heat required. The first stage calcine is transferred to
the second stage where the temperature is held at 925° F using spray water and
vadditionai air is supplied to oxidize sulphur associated with pyrite and other minerals.




6.2 Gas Cleaning Circuit

The gas cleaning circuit is shown in Figure 6-1.

The Off'-gas: from the roasters is combined, cycloned to removecoarse particula'te }én’d
then passed through an electrostatic precipitator (ES‘P). Arsenious oxide in the vapour
~ state passes through the ESP at 600° F. The ESP is a Type K, rod curtain ccl!ector The
dust settles in the coilection hoppers and is dlscharged by screw conveyors to the quench
-tank for subsequent gold recovery. Tail gas from the precipitator is cooled by dllutron with
amblent air causing arsenious oxide to condense as fine particulate from the gas phase.
Up until 1977 the gas was cooled to 230° F which limited the As,O, concentration in the
vapour phase to about 15 mg/m®. Since then the temperature has been lowered to about
220°F, Iowenng vapour concentration of As,QO, to about 10 mg/m®, The fluegas -
L partlculate stream s filtered in a Dracco baghouse to remove particulate As203 Each of
the eight compartments contains 300, five inch diameter by 10 ft long filtration bags.
Arsenic trioxide shaken from the bags is collected in V-shaped hoppers and discharged
by means of 4 sérew conveyors. The efficiency of particulate collection-in the baghouse
is dependant on several variables namely, bag quality, shaking cycle and malntenance of .
the system A homopolymer-Acrylic Dralon T bag has been used recently inthe -
baghouse. In the early 1980's the shaking cycle was changed from a timed 45 mrnute
control to a pressure drop control. When the pressure drop across the baghouse reaches
2 inches of water, the lndlvrdual compartments are shaken i in sequence The frequency of
shaking was reduced from 32 to 4 cycles per day, reducmg the amount of fine Aszo3
which passes through the bag during the shaking cycle. The filtered gas is drawn into a
variable speed fan and discharged to the atmosphere via a 9 t. diameter by 150 ft acid
brick stack. '
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6.3 Arsenic Emission at Giant Yellowknife

Arsenic emission data and notes relating to specific tests are given in Appendix 2. Values
obtained by Giant (Royal Oak) 1990-1993 show an average arsenic concentration of 25

' mg/scm. Values reported by an independent contractor 1991-1993 average 24 mg/scm
arsenic. The resuits show a normal variability which reflects the stack sampling variance
and variance within the plant operations. The reported results of the 1983 EPS tests are
an average of three tests, some on different days.

The standard reference method, used in most tests since 1983 is that published by
Environment Canada; "Measurement of Emissions of Arsenic from Gold Roasting
Operations, Report EPS 1-AP-79-1". Both particulate and gaseous arsenic are captured
in the test train.

- The emissions are dependant on two factors.

" 1. the concentration of arsenic in the gas phase
2. the concentration of arsenic as particulate.

Arsenic concentration in the gas phase passing through the baghouse is dependant on
the gas temperature, a'pprokimating 7 mg/scm (10 mg As,O,/scm). Gas temperature
control in the baghouse is via sihgle thermocoupie measurement and control of fhe
incoming air damper. Variations of +/- 15° F are normal at the thermocouple which will
cause vapour phase fluctuations in arsenic. |

Arsenic in particulate form is dependant upon a number of physical and operating
parameters. The quality and porosity of the filter bag, the frequency of shaking and the
regular maintenance of the bags, detection of tears or pinholes all factor into the




"ln our opinion, only minor improvements can be made to reduce arsenlc emlssuons to the
environment using the current equipment and control philosophy. With Ilmltatlons on
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 particulate emissidn. Given a vapour concentration of 7 mg As/scm and an average total
_emission of 24 mg/scm, a particulate valuefof-1,7._ mg/scm appears reasonable.

The concentration of arsenic reported reflects an average value over the duration of the |
stack test (typically 160 min). This value will depend on the factors: mentioned above.
The sampling period may or may not include a bag shaking cycle.

i 6.4 Arsenic Control Strategies and Altematives,
The present method of arsenic control has been documented. The major pieces of

equipment and the method of control has not changed since the mid 1970's No major
- piece of equipment has been changed or added to the gas cleaning process.

S _ Iowermg temperature (SO, dew point) some minor modifications related to bag quality

appear to be an option for increased particulate capture. Under present” operating
conditions, consistently meeting a stack concentration of 25 mg As/scm would be a
~ challenge. With improvements in bag technology and management praCtices this may be

i ‘  reduced to 15-20 mg As/scm., but may require additional emission test work to conflrm

S whether such values could be maintained on a consnstent basis.
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7.0 CAPITAL AND OPERATING COSTS FOR ARSENIC CONTROL OPTIONS

Section 4 outlined options for reducing arsenic emissions to atmosphere by adding agas
cleaning unit after the baghoUse for roasting operations such as.at Giant Yellowknife. -
The optlons mvestlgated were wet scrubbmg, wet electrostatlc precrprtatmg and actrvated
carbon absorption. Capital and operatlng costs are summarized in Table 7-1. Apphcable
taxes and permits are excluded.

Wet Scrubbing l

Torbotak_ Ino;, of Waterloo Ontario, provided a conceptual scrubber design to reduc_e
arsenic in the tail gas for a Giant Yellowknife type operation. The basis for the design is
the flowsheet shown in Figure 7-1. The data for the baghouse exhaust gas oondltlon was-
: extracted from a recent report71 from Giant Yellowknife. The estlmated arsenic recovery
is dlscussed in Section 4.

The scrubber consists of a number of high intensity sprays which knock out the arsenic by
both ooolmg and scrubbing the gas. A layout sketch of the scrubber is shown in Appendrx
| as part of a preliminary proposal The estimate includes a booster fan stack liner, .
pumps and tanks needed to operate the scrubber. An enclosure is mcluded for vr./eather'
protection. The capital cost for the scrubber is shown as a factored type estimate shown
in Table 7-2. The operating cost is shown in Table 7-3.

’ Turbotak?WoUId be prepared to demonstrate the scrubbing process by installing thefirlpilot
scrubber at site and operating it to determine the optimum scrubbing conditions for the -
process. Details of the pilot unit and a conceptual program are included in Appendix .
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Wet Electrostatic Precipitation

Environmental Corrections inc.

SiQniﬂcant arsenic removal is bossible using a combination of gas conditianing to transfer
arsenic from the gaseous to solid phase followed by electrostatic precipitation. Estimated
performance data is shown in Section 4." This combination of gas cleaning equipment is.
available from Environmental Corrections Inc. of Sun Valley, California. A description of
the two stages is presented in Appendix I.

The estimate includes a booster fan, stack liner, pumps and tanks needed to bp'erata the
scrubber. An enclosure is included for weather protection. A capital cost for the wet
electrostatic cleaning is shown as a factored type estimate in Table 7-4. Operating costs
are shown in Table 7-5.

Bi_othérmica Inc.

An alternative to the two staged unit available from Environmental Corrections lnq. is an
integrated gas conditioner ahd electrostatic gas cleaner developed in France for
municipal incinerators. The device is intended to clean up process gases that have been
subjected to standard cleaning techniques. The design is by LAB Inc. (France) and is
available in Canada from Biothermica Inc. in Montreal. The expected arsenic recoveries
achievable using this approach were discussed in Section 4.

The estimate includes a booster fan, stack liner, pumps and tanks needed to operate the
scrubber. An enclosure is included for weather protection. The capital cost estimated for
a LAB Inc. unit at a Giant Yellowknife type operation is shown in Table 7-6. The
associated operating cost is shown in Table 7-7.




~ Activated Carbon Adsorption

Activated carbon can be used to clean roasting tail gases of components $uch as arsenic
trioxide. Biothermica offers a unit which is similar to the LAB Inc. unit but includes an
additional scrubbing tower using a slurry containing activated carbon. This step
increases the overall arsenic removal. However, the carbon is not easily regenerated
hence there i is an on-gomg need to provide make-up carbon. Details of the Blothermlca ;
equipment are shown in Appendlx |. Table 7-8 shows the capital cost for mstalllng an
activated carbon scr_ubber as part of the LAB Inc. unit. Operating costs are shown in
Table 7-9. o




JABLE 7-1 COMPARISON OF TAIL GAS CLEANING OPTIONS

, : A BIOTHERMICA
TURBOTAK ENV. CORR. BIOTHERMICA ~ OPTION 3 PLUS
ITEM INITS SCRUBBER ~ MIST PPT. LAB PROQCESS CARBON ADSORBTION
EQUIPMENT Scrub., Ancil. Tks, Scrub., Ancil. Tks, Scrub., Ancil. Tks, Scrub., Ancil. Tks, .
DESCRIPTION Pumps, Fan,  Pumps, 4 Mist Ppt, Pumps, Mist Ppt, Activated carbon Scrb.,
, Mech. Mist Elim., Fan, Stack Liner - Fan, Stack Liner Pumps, Mist Ppt,
Stack Liner Fan, Stack Liner
' o
. W
ARSENIC REMOVAL % 90 95 90 A >00
CAPITAL COST - C$ thous 1,181 ' 2,016 2,044 2,206
. INSTALLED ' '
OPERATING COST . C$ thous - 198 168 169 206
Per Annum
OPERATING COST  .C$ Per Kg 69 55 59 | 72
' As Captured ’ ‘
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TABLE 7-2

. CAPITAL COST ESTIMATE - OPTION 1
TURBOTAK SCRUBBING

: 1 Purghased equiprhent costs ‘(SUpp'i"ie”r q‘u‘otes)

2 Equipment inétallation (include freight and taxes)

213‘ P‘rocéss piping (inélude materials. and labour) ‘

4 Electrical (inélude materials and labour)

5 l_ﬁstrumentation'

'::-‘fff} 6 Process buildingsv (include mechanical services and Iighting)

| 7 Auxiliary buildings (include mechariicaf services and lighting)

', | 8 Plant sewiqes (include water, sewers, compressed ai( e'tc':.)‘

"9 Site improvements

10 Fiel.d expénsés (related t§ construction management)

e 1 Project Manag'gmént (ihcludééngineeﬁng and cbnstm'dgién)

12‘ Contingency (20 %)

13 Total Capital Cost

thous. $ :

56

150

40

40

nil ,
" 50
nil

25

i r =

236

1181




TABLE7-3

DIRECT OPERATING COSTS - OPTION 1

TURBOTAK SCRUBBING

* Water required totals 45 USGPM.
** Compressed air requires 85 kW at $0.1/ kWh.

*** Booster fan, pumps and heat tracing allowance of 40 kW

(TEM UNITS ~ ANNUALS COST/kg As
OPERATING
MANPOWER 0.25 Men/Shit 20000
ELECTRICITY (pumps etc.)™ 0.1 $/kWh 33600
COMPRESSED AIR ** 500 cfm 71400
WATER * 25 Uimin Evap. 0
 CONSUMABLES allowance 25000
water conditioning .
 MAINTENANCE
MANPOWER 1.5 % Capital 18000
SUPPLES 1.5 % Capital 18000
TAILINGS DISPOSAL Existing - 0
INSURANCE (1% capital) 12000
TOTAL 198000 59.20
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TABLE7-4
CAPITAL COST ESTIMATE - OPTION2
ENVIRONMENTAL CORRECTIONS WET PRECIP.

-1 Purchased equipment costs (supplier quotes)
2 Equipment installation (include freight) =
-3 Process piping (include materials and labour)

~ 4 Electrical (include materials and labour)

5 Instrumentation

- 6 Process 'buildings_(include mechanical services and lighting)
i 7 Auxiliary buiidings (include mechanical serv‘ic‘es and lighting)
8 Plya'nt"se‘rvices (iﬁcld'ae water; sewers, cor_n‘pféssed air etc.)
| 9 Site improvements
| 10 Field expenses (relgtéd Yto construction managérhent)
o ~’1"1 "‘Project Manageméﬁf ,,:(ivnéludevengiﬁeeﬁng ahd 'construction)
12 Contingency (20 %)

13 Total Capital Cost

thous. $
828

150
150

120

60

nil

nil
4
403

2016
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TABLE 7-5

DIRECT OPERATING COSTS - OPTION 2
ENVIRONMENTAL CORRECTIONS WET PRECIP,

ITEM UNITS ANNUAL$ COST/kg As
$/kg
OPERATING -
MANPOWER 0.25 Men/Shit 20000
ELECTRICITY 0.1 $/kWh 60000
COMPRESSED AIR 50 cfm 7000
| . WATER free issue 0
CONSUMABLES water conditioning 0
MAINTENANCE
MANPOWER 1.5 % Capital 30300
SUPPLIES 1.5 % Capital 30300
TAILINGS DISPOSAL ~ Existing 0
INSURANCE (1% capital) 20000

TOTAL - 167600 55.44
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‘ TA&LE _i-s _
- | CAPITAL COST ESTIMATE - OPTION 3
BIOTHERMICA WET PRECIP.
1 Purchased eqﬁipment costs (sﬁppliér QUotes)
2 Equipment installation (include freight and taxes)
. 3 Process ‘pip‘i_n"‘g_ (include materials and labour)
' " A4.Eliectrical (inciUde materials and labour)
5 Instrumentation
6 Process buildings (ihclude mechanical $ervices and lighjting)
- 7. Auxiliary buildings (include mechanical services and Iighﬁng)
5 8 Plarjt servicés_ ;(iinclude water, sewérs, compressed air etc.)
9 Site ihprovements
) 10 Field expenysés" (related to construét__iqn management) o
11 Project Managémeht v(include er.xgiirii/eeﬁng é_nd cof_i'str}ucfion)
12 Contingency

- 13 Capital cost Total

850
150 -
w0
1'20.? Y
80
0
i
0
nil
25
| 150
409

2044
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TABLE 7-7

DIRECT OPERATING COSTS - OPTION 3
BIOTHERMICA WET PRECIP.

ITEM UNITS  ANNUALS COST/kg As
* OPERATING |
- MANPOWER 0.25 Men/Shift 20000
ELECTRICITY 0.1 $/kWh 60000
COMPRESSED AIR 50 cfm 7000
WATER free issue 0
CONSUMABLES water conditioning 0
MAINTENANCE
MANPOWER . 1.5 % Capital 30660
SUPPLIES ~ 1.5 % Capital 30660
TAILINGS DISPOSAL Existing 0
INSURANCE 1% Capital 20400

TOTAL | 168720 58.91




 TABLE78

CAPITAL COST ESTIMATE - OPTION 4

BIOTHERMICA ACTIVATED CARBON ADSORPTION

E ]

1  P,u_rt;hésed equipmeh}t‘,cos}t‘;s} (supplier quotes) -
2 qufpment installétion (ihclude freight and taxes) -
3 Process piping (include materials and labour)
4 Eieqltri‘c‘afl,(include materials and labour)
5 Inschentation ‘
6 Procéss buildings (include mecﬁanical services and lighting)

7 Aux.il'iéry'buildings (include mechanical services and lighting)

8 Plant services (include water, sewers, compressed air etc.)

9 Site i_ryr;pr‘ovements
10 ?iéld é?)r(ﬁen,sesv (related to"é_‘o‘nusvtruction rﬁanagefjént) ’
11 Project Manageméht (include ehgineering and construcﬁon)
12 Conﬁtinﬁge‘qcy (20%)

13 Total Capital Cost

$ (thous.)
025

16
170
. 125 s
85
s
50
nil-
5
150
ML

2206



TABLE 7-9

DIRECT OPERATING COSTS - OPTION 4
BIOTHERMICA CARBON ADSORBTION

ITEM

OPERATING
MANPOWER
ELECTRICITY
COMPRESSED AIR
WATER
CONSUMABLES

- MAINTENANCE
MANPOWER

SUPPLIES
TAILINGS DISPOSAL

INSURANCE
TOTAL

UNITS

0.25 Men/Shift
0.1 $/kWh
50 cfm
free issue

carbon

1.5 % Capital
1.5 % Capital
Existing

1% Capital

ANNUAL $§ COST/kg As

20000
63000
7000
0
50000

33090

33090
0

22000
206180 72.00
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8.0 CONCLUSIONS

Roasting technology for treating refractory gold concentrates has be practiced for over 50

. years. Fundamental conditions assocrated with gas cleamng operations determme the
 extent to which arsenic can be recovered from the off-gas dnscharged to the envrronment

New technologies have been developed which can further reduce arsenic air emissions..

~ The new technologles are available as a result of continued demand for lmproved
environmental emussuon controls. A number of new roasting plants have been s
iy :1";?:comm|ssuoned in the last 10 years, providing an effective route to gold recovery and -
meeting stricter environmental regulations. o |

It is possible to use existing technologies to achieve roasting tail gas cleaning) These

processes can significantly reduce arsenic emissions to atmosphere and require‘ modest

| capltal expendutures Opérating costs are also modest and would unclude the marglnal
- cost associated thh operatmg existing tallmgs disposal facumes !

“Alternative pre-treatment processes which could replace roasting are commercially

available and would curtail atmospherlc emissions. Installation of one of these process

| - would require sugnrflcant capital expendltures and operatmg costs at least as expensrve
as those associated with roastlng These processes would also requrre srgmﬂcant
- development to ensure that concentrates, such as those from an operation such as Giant
- Yellowknife, could be successfully treated for acceptabie gold recovery.
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Turbotak Canada Inc.

Air Pollution Control Systems

No. SPC96-183

Pféliminary Proposal

550 Parkside Drive

Suite A-14

Waterloo, Ontario
"N2L 5v4

Tel: (519) 885-5513

Project:  J.A. Kurtis & Associates
‘ 140 Mavety ST.
Toronto, ON
M6P 2L9

Date: January 19, 1996

Ref: Giant Yellowknife

All apphcable taxes, duty and brokerage
fees are extra.

F.O.B.: Waterloo, Ontario.

Freight will be charged to client at cost.

Shipment: 16 weeks from receipt of
drawing approval.

- See Terms and Conditions attached.

25% with purchase order =
75% on delivery of equipment

For thé DESI

"TOTAL BUDGET PRICE ........

PLY ONLY of one (1) Turbotak Scrubber System

.................... $248,800.00

The":quoted_pric‘e above is budgetaxy thy and is subject to change at any time without hotiCe.

Reviewed by:

i N
R.A. Allan P.Eng.
- Vlce Pre31dent Engmeermg_ .

Prepared by:: :

.
i .

~ Carl Bender .
~Proposals Coordinator

A Division of Turboiak Technologies Inc.

Fax: (519) 885-6992



Turbotak Air Pollution Control Systems

Suite A-14, 550 Parkside Drive
Waterloo, Ontario, CANADA, N2L 5V4
tel 519-885-5513, fax 519-885-6992

TO: I.A. Kurtis & Associates | T
ATTENTION: Allan Kurtis 3 W T e
FAX #: 416 763 6012 DATE: January 17, 1996 ! - '

’ PDATE: ecavenrannncaes
FROM: Egbert van Everdingen ~ TOTAL PAGES: }

TIRAT,
P 1l e a9 s0es s b s

SUBJECT: Tail gas scrubber for Giant Yellowknife Project i DI
Dear Sir,

Attached is our proposal for the Giant Yellowknife project for controlling arsenic emissions, and
for a pilot scale test. The scrubber quoted is based on supply of a typical particulate/acid gas
scrubber; actual design would be based on results of a pilot test, as discussed with Bob Allan.
A field pilot program would require 1-2 weeks on site to collect operating data (scrubbing liquid
& energy consumption, attainable removal efficiency, etc.), and would cost in the order of
$50,000.00. Please review the enclosed and call if you have any further questions.

Regards,

*This telecopy is directed in confidence solely to the person named sbove, and may not otherwise be distributed, copied or disclosed.
The contents of this telecopy may also be considered privileged communication and all rights to that privilege are expressly claimed and
not waived. If you have received this telecopy-in error, please notify us immediately by telephone, and return the original transmission
to us by mail, or destroy the same, without making a copy. - Thank you for _youk assistance.”




rubber rating D
Inlet Gas Condmons

Gas Volume (ACFM)

Gas Temperature (°F)

Gas Humidity (% v/v)

Particulate Concentration (mg/Nm®)
‘SOZ Concentratlon (ppmv wet)

Expected Outlet Gas Condmons

Gas Volume (ACFM)

Gas Temperature (°F)

Gas Humidity

Particulate Concentration (mg/Nm®)
SOz Concentration (ppmv wet)

Operating_ Pammeters
"Bi'fg_ss‘ure Drop Across Scrubber ("H,0)
“Total Liquid Flow Rate to Scrubber (USgpm)
- Evaporative Loss
- Scrubbing Liquid

‘,Liquid Flow Rate to Entrainment Separator

Design Compressed Air Consumptiém (SCFM)*

Fan Horsepower (BHP)

! To be optimized during scrubber commissioning.

~ No.:

36,619
220

5 .

10
12,500

32,005
109 -

' "samr!;ted, :

TBA

2.5 .

6.5
38

16 -

415 .

SPC96-183




Supply

No.: SPC96-183

Mechanical Supply

_One (1)

One (1)

One (1)

One (1)

Two (2)

The scrubber system will consist of the following components:

Particulate Removal/Gas Contacting Chamber

- 316L stainless steel construction

- internal baffle plate

- bolted inspection hatch

- integral slurry tank

- flanged for connection to duct from process and to scrubber inlet duct
- nozzle ports for mounting Turbotak nozzles

Scrubber Duct - '

- 316L stainless steel construction . : ,
- flanged at both ends '

- bolted inspection/access hatch

- nozzle ports for mounting Turbotak nozzles

Turbotak Air Atomizing Nozzles

- 316L stainless steel construction

- mounted in scrubber inlet duct and contacting chamber inlet and outlet ports
- internal piping included

Entrainment Separator Housing

- 316L stainless steel construction

- internal banks of entrainment separation media
- spray bars with hydrauli¢c spray nozzles

- bolted access hatch

- bottom drain connections

Scrubber Control System - to regulate compressed air and liquid flows to scrubber

nozzles and water flow to entrainment separators. The following equipment will be

pipe mounted for location at nozzle ports:

- magnetic flowmeters for flow indication to each nozzle

- compressed air regulators with gauges for air pressure control

- individual manual shutoff valves for liquid and air to each nozzle and entrainment
separator

- individual manual throttling valves for liquid flow control

- stainless steel piping for air and liquid lines

Operating and maintenance instructions for each scrubber, including parts lists,
start-up and shut-down procedures.
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Montreal, January 31, 1996

Mr Allan Kurtis

J.A. KURTIS & ASS.

140 Mavety Street

Toronto, Ontario

M6P 2L9 . fax: (416) 763.6012
~ tel: (416) 763.4230

REF: Gas scrubbers for Giant Yellowknife Project

OBJECT: Préliminary process and budget price

Dear Sir,

As per your request and our recent phone conversation, we are proposing the following‘
solution:

An EDV Spray Tower operated at a low pH for quenching and absorption of As,0,. The acidity |
of the scrubbing liquid would be brought by partial capture of SO, If this is not sufficient, acid
addition may be needed.

The EDV Scrubber is a pfoprietary technology from LAB INC, France, that we commercialize
in Canada. The particularity of the scrubber is its very high efficiency for fine particles, its low
energy consumption and it is virtually impossible to plug.

For this application, a total pressure drop is expected to be in the magnitude of 8 in w.g. The
system would also include the LAB droplet separator. . .

As we have no similar installation in this process (LAB has many installations in chemical
processes very close to that one) we suggest to make a small pilot test on the actual
installation. The expected outlet concentration of As,0, is 1.0 mg/Nm? but the pilot test
would confirm the outlet guaranteed concentration. :

This pilot test would cost about 150,000 $ to 200,000 $ US dollars.

w2
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The total cost ot the final solutnon is estimated at 500,000 $ to 1 500 000 s US dollars
dependmg on the:

o need to put a new I.D. fan
need to put a new stack :
need to treat the SO, more effectualy
need to provide on acid supply system.
need to add air electric filtering element

The tir‘ne frame for the project is asb follows:
e  pilot testing: next summer/fall

® final solution: summer 1997

Hoping‘ this to be satisfactory.

Gerard Goseelin, P, Eng .
Vnce presndent :

GG/mco
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Gaz brut
Eau neuve
Gaz épuré
Eau claire
Gateau
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M MODULE

Pulvérisateur LAB - G
Alimentation H.T.
Electrode H.T.
Pulvérisateur LAB - F
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Préparation neutralisant
Neutralisation
Floculation

Décantation
Déshydratation
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ENVIRONMENTAL CORRECTIONS, INC,
11288 PENROBE STREET * SUN VALLEY, GALIFORNIA 91362 ¢ m; 761

I

213) 87%
FAX (313 m;

QUOTATION |
’uug February 1, 1996

J.A. KURTIS & ASSUCIATES Quataiion ~96-02-01
140 Mavery St. : m &

Toronto Ontario, N6P 2L9

Canada

Y
| PROJECT: nm YELLOWKNIFE “'"'“""”m your Jetter ,d,

Jan, 05/96
(416) 763-4230  fax {416) 763-6012 e
: Ju mmmn to vw lnquiry. we wbmh the iolfowiog quemum. ‘ (Sow Termd & aonmuonn on n-wr“ Slt .

mscmncm L BRICH

Environmental Corrections, Inc. s plsased to bid the
manufacturing and supplying of the following:

4 ] ';ESBgunits for efficiency of 952 , ffﬂ;  i”rf’7 488, 000.0
6 | ESP units for efficiency of 98% ' ! 692,000.0
lea. Pretreated Scrubber and Fan {no Duct) L . 52,7&0.00g

A) Spemﬁcatmn -~ 29000 SCFM
B) Customer to install

E.C.I, to supervise
c) Al FRR conﬁtructxon

(iDrawings and full propOsaI to fol]ow“

J

Tea Nat tncluded in Qumad Price

o ] ‘ TET - T ESTUMATIO SHUPING OATE,
G 175> down, net 30 “Sun Valley = 10 "ee“ PR

@/0/@

Rodnev—=03snn




APPENDIX 2

GIANT YELLOWKNIFE STACK EMISSIONS




g Gxant

ARSENIC EMISSIONS FROM GIANT MINE ROASTER

RESULTS OF STACK TESTIN G
DATE EMISSION RATES : FLOW  TESTER
, TOTAL PART. VAPOUR
. (mgeum) (kg/day) (mgleum) (mg/cum) (cu m/h)
May 27 1981 6.7 8.8 0.1 6.6 154,500 Giant
May 28 1981 6.7 7.5 03 6.4 52,500 Giant
June 24 1981 4.4 6.5 1.1 33 61,300 Giant
July 14 1981 5.5 .83 22 . 3.3 63,200 = Giant
July31. . 1981 58 81 NA NA 58,400 Giant
* August? 1981 184 272 181 03 " 61,500 Giant
August20 1981 189 240 N/A N/A 53,000 Giant
August 21 1981 9.3 11.2 N/A N/A 50,100 Giant
August25 1981 14.1 17.3 N/A N/A 51,000 Giant
** Dec. 15 1982 102 13.2 0.1 10.1 54,200 Giant
July 5 1983 15.8 17.0 N/A N/A 44,900 EPS
July 7 1983 19.0 21.8 N/A N/A 47,700  EPS
Juy8 1983 370 40.8 N/A N/A 46,000 EPS
July 11 1983 297 28.1 N/A N/A 39,400 EPS
July 12 - 1983 23.0 25.7 N/A N/A 46,400 EPS
July 13 11983 253 288 N/A N/A 47,400 .-  EPS
** Nov. 19 1985 144 27.1 5.5 8.9 78,000 Giant
. Nov. 18 1986 16.3 243 1.5 14.8 62,000 Giant
Sept. 28 1988 158.1 185.0 48,800 ~ Giant
Oct. 5 1088 198.8 232.8 60.2 138.6 48,600 Giant
. ** Oct. 11 1989 24.0 26.4 23 21.7 45,300 Giant
** August 17 1990 343 37.1 23 32.0 - 45,000 - Giant
** June24 1991 163 © 152 0.5 15.8 38,700 - Giant
% August 29 1991  25.8 59.0 N/A N/A 95,000 Contractor
October 30 1991 23.0 25.9 N/A N/A 46,900 Contractor
October -1993  23.0 29.2 . 39,900 “Giant
Sept. 13 1995 3.2 32 N/A - N/A 45,000 Contractor
*  These values for arsenic m Partlculate and Vapour may have been sw1tched in the report from

LA The results of these tests are suspect because G]&I‘lt dld not follow the EPS protocol for sampling.

%%k %k

, Giant disputes these results for daily mass emissions and stack flow. They believe that the
contractor erred by a factor of two. :




