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

~. 

' 

Attention: Mr. Larry Connell .1 
Manager of Environii‘iental" Services 

‘ 

Dear Mr. Connell: 

The purpose of this letter 13 to respond to the Comments raised 1n your letter of July 11, 1996. I 

apologize for the delay 1n responding, but your cements 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: 

I “Arsenic Emission Control from Pyrometallurgical Operations” by W. R. Hatch Engineering 
Ltd., February 1996; > 

I “‘Arsenic Emission Control from Pyrometallurgical Operations (Response to Questions by Royal g 
Oak)” by W. R. Hatch Engineering Ltd., November 1996, and g 

l VSocio-economic Analysis of Three Management Options to Reduce Atmospheric Emissions .of i 

Arsenic from Gold Roasting” by Resource Futures International, September 1996. . 

{37 
Your points are addressed below in the order you presented. 

Item #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. 

EVE Canaa



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 - Technological 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 enclosedreports. 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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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 reviewed 
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 behaviour of arsenic in roasting, smelting and converting operations was 
documented. 

. 

‘ ‘ 
' I

‘ 

”Arsenic occurs naturally in various mineralogical forms associated primarily with sulphur, 
iron,‘c0pper, 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 (A34) the oxide (A5203) and the sulphide (A5283). As a consequence, 
arsenic is often vaporiZed and carried into the gas stream of various hightemperature 
roasting, smelting or converting operations. 

. The control of arsenic in pyrometallurgical operations is generally related to one of the 
‘following: 

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 precipitators, 

baghouses scrubbers or combinations thereof. ' 

Current technology relating to non-ferrous smelters and gold arsenical concentrate 
roasters was reviewed. Current technology demonstrates that arsenic concentrations can 
be reduced to less than 1.0 mglscm prior to sulphuric acid recovery or discharge to the
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environment. Several gold roaSting operations have either designed gas cooling-wet ‘ 

scrubbing into their flowsheets or have added these onto their current operations. 

' A number of gold producers which have refractory arsenical sulphide ores have installed 
altemate technologies to roasting These alternatives have been reviewed with primary 
emphases on the autoclave pressdre leaching of concentrates and the relative capital and 

' 

operating costs. 

"i 
- The Giant YeIIOWKnife Mine operation was reViewed in terms of equipment, operation and 
historical arsenic emission records. Current arsenic concentrations in stack gas 

i

A 

‘ 

approximate 24 mg‘ Aslscm. Basic gas cleaning equipment and procedures have not 
changed significantly over the last 20 plus years. The limitations of the present 
eqUIpment prevent any major improvement in arsenic recovery.

' 

Preliminary capital costs were obtained for tail gas cleaning by scrubber or wet 
‘

, 

electrostatic precipitator estimated at $1. 1 x 106 and $2 0 x 10° respectively. These 
j toptions would reduce the stack gas arsenic to <1. 0 mg/scm. Tail gas recovery of arsenic ‘ 

i 

I: Is estimated at +80% for an overall arsenic recovery of +99. 95. Piloting may be required 
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. 
4' 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. ' 

There 1s a possibility that Royal Oak Mines Inc will install a taller stack as a result of a 
proposed Territorial Regulation goveming sulphur dioxide.
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10 INTRODUCTION 

W. R. Hatch Engineering have been contracted by Environment 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 alternate technologies to 
roasting which have become available to the gold industry. The pressure autoclave 
hydrometallUrgical treatment of gold 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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I

. 

2.0 THERMOCHEMICAL BEHAVIOUR oI= ARSENIC IN METALLURGICAL 
SYSTEMS g ,

’ 

The behaviour of the various minerals in the pyrometallurgical operations of roasting, 
smelting and converting is related to the stability of these minerals and of compounds 

, formed In the thermochemical environment of the unit processes. The temperature _
, 

I “I 

and partial preSsure of oxygen and Sulphur determine the distribution of the arsenic in 
condensed and vapour phases.

' 

Due to the relatively high vapour pressure of several compounds (AS203, Aszsa, A54, 
,

" 

AsCla) arsenic tends to concentrate in off-gas streams from the roasting, smelting and 
. 

\ 

converting operations. 

. 2.1 Arsenic Mineralogy in Non-ferrous Metallurgy 

Arsenic occurs in primary feeds to metallurgical processes in various mineralogical 
1

j 

' 

forms. The'following lists the principal arsenic-sulphur containing minerals present in
A 

' gold Concentrates, copper concentrates, copper-nickel concentrates and lead-zinc 
. concentrates 

Gold Concentrates - 'Arsenopyrite - FeASS 
Copper Concentrates - 

, 

Enargite - CuaAsS4 
”Copper-Nickel Concentrates; - V, Niccolite 

, 

- NiAs " " 
' 

' 

- Gersdorfite 
‘ 

- - (Co.Ni)ASS 
- Rammelsbergite - NiAS2 
- 

. 

'_ Skutterudite ' - CoA83
.
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2.2 Thermochemistg-y and Phase Relationshigs 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 As4, A5283, A5203, FeAsO4 and CuAs some of which 
can exist in the solid, liquid or gaseous state under various pyrometallurgi'cal 
environments. In some cases the kinetics of a given reaction may determine the 
species 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.

I 

At. low oxygen pressureswhich may be encountered in some partial roasting operations 
and reductive smelting operations arsenic may be in the vapour phase as As4 or AS434. 
Gol<cen1 has described the Arsenic System equilibrium phase diagram and the 
distribution of the various arsenic species. 

As the oxygen partial pressure is increased, A5406? becomes the stablehvolatile 
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—stage 
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 

(A5205) and are generally avoided in gold roasting operations. 
' Asp8 is molecular formula for gaseous and common crystalline forms (A5203 is an empirical formula)



The thermodynamics of roasting arsenopyrite has been studied and reviewed by
I 

Chakraborti etal“. 

, The thermochemical arsenatefoxide equilibria in the. system Fe-As-O at 800°K is g1 . 

shown in predominance area diagrams of Figures 2-2 and 2433. 
’ 

The formation of ferric 
arsenate (FeAsO4) is prevented at low oxygen and consequently low A540s partial 
pressures. A reducing roast, partial roast, or kinetic factors of a fluid bed-flying roast 

_ 

5 . old all tend to prevent the formation of ferric arsenate. 

A review and tabulation of the thermodynamic data for the Fe-‘As4S-O system has been 
carried out 4 Considerable discussion of the roasting of FeAIsS concludes that in a 

strongly reducing environment (POZ- - 10 2° atm) arsenic may be volatilized as A§2$3i As 
the oxygen potential is increased up to 101 atm arsenic is evolved as A5406. A diScussion 
of bed thickness In roasting operations is discussed in terms of oxidation of As40'3 to Aszos _' 

or FeAsO4.‘ The data may not apply to more stable forms of arsenic (Ni, Cu etc). 

The thermodynamic properties of various nickel arsenides, nicoblite (NiAs),
. 

rammelsbergit'e (NiAsz) and maucherite (NiuAsa) in their reactions with O2 to form MO and 
A540.s have been studied over the range 438 - 866°C.5 Predominance area diagrams are 
shown in Figure 2-4 and Figure 2-5 for the Ni-As-O system at 800°K to simulateroasting 

« conditions.- The data show. stepwise oxidation of-NiAs to MD but-considering the preSence 
of metastable equilibria, 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 

, arsenophyllic than iron and more aggressive conditions are required for decomposition of 
nickel arSenides.
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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 
A540a and volatilized. Downstream temperature reductions may result in the condensation 
of A5406 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 Qxide (Aszgg 

V The vapour pressure-temperature relationship for A3406 has been studied by numerous 
authors. For the low temperature range, the equation for the vapour pressure of A5403 

, (gas) derived by Brown and Page6 from the data of Murray7 has been used for the 
‘ temperature range 70 - 180°C. 

log P As4os(atm) = 6080.6 + 9.9506 
‘ T(K) 

For temperatures above 180°C Figure 2—6vshows the vapour pressures for the equation. 

log P AS406 (atm) = 5815.8 + 12.127 
T(K) 

The latter as reported in the handbook of Chemistry and Physics (50th edition). 

The vapour pressure-temperature relationship is given in 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 A540s and volatilized.
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' Downstream temperature reductions may result' In the condensation of AS405 from the gas 

" 
3 phase either as a separate product or combined with Iron in the flue dust 

'
L 

Arsenic (As) 

The arsenic system has recently been revieWed.1 The sablimation and vaporization 
pressures of arsenic are shown in Figure 2-7 withya vapour pressure’ofl atm at 883°K. 

, 
, As; is the primary ’vap0urfspecies at low oxygen and low sulphur partial pressures. . 

‘ 

Arsenic §ulghidg1As2§g 

’ The vapour pressure-temperature relationship is expressed by: 

1’13. log, p(mmHg) = .5100rr + 4167 M“) over the range 450 - 600°K 

~ Vapour phase concentration of A5283 are calculated as follows: 

Temp °K gszsazm" 

600 , 
‘ 

"0.0011
' 

700 0.014 
800 0.10 

- 1000 
' 

1.51 , 

.1200 8.96 

_ 

2.4 Distribution ofArsenicRegorted in Pyrometallurgical Processes ’_ 

,

' 

"AconSiderable amount of information exists in the literature on the behaviour of arsenic in 
arsenopyrlte roasting and in c0pper smelting and converting.



2.4.1 Roasting 

I 

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 AS434, 
A5283, Ass, A34, AS405 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 02 -> 2 Fezo3 + A340‘s + 4 so2 

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

A5403 + 2 02 + 2 Fezo3 —> 4 FeAsO4 

‘Figure 2-9 shows Boliden data for the thermodynamic stability of iron arsenate, oxides and 
sulphides in the roasting of pyrite for sulphuric acid production.2 The Boliden process is a' 
single stage roast at 850°C. Roasting for gold recovery is normally carried out in two 
stages at lower temperature. Arsenic and sulphur removal are controlled by the oxygen 
partial 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% reSpectively.9 

Experimental data has shown that mildly oxidizing atmospheres sufficient to form A5203 
are more‘effective in the removal of arsenic than an inert atmosphere at 600°C.4 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 As4 while above 10'15 atm 02, A540;; 
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 inlthe‘ feed. 

The behaviour of arsenic in copper roasting and smelting has been reviewed.8 Information 

on arsenic diStributions' in nickel smelting is scarce. A comparison has been made of the 
' arsenic distribution in the Inca flash smelting process and the conventional multi-hearth 

1‘ 

3 I roasting- -reverb smelting process ‘° Figures indicateatotal of aboUt 10% of the input 
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 

I: bed would be expected to be considerably lower than this value due to the short residence 

‘ 

time and low oxygen potential. This Is in agreement with thermodynamic data on Ni-As-O.5 
'5 

who state that one would not expect arsenic to be readily removed from nickel arsenides at 
O2 partial pressures well into the mo stability region since metastable equilibria can occur 
.in which NiAs and MO can coexist. ’ 

2.4.2 Smelting 

ln copper smelting, arsenic entering the reverberatornrnace distributes with an estimated 
‘

' 

35% dissolved in matte, 50% In siagvand 10% volatilized." , Studies on-the distribution of 

arsenic between molten slag and matte indicate that arsenic is dissolved in the elemental 
form. ‘2 Lynch etal11 found the distribution coefficient of arsenic between copper metal and 

I 

slag to be 250 (metal/slag) at an oxygen pressure of 101° 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 al8 reviewed the distribution of arsenic in the various unit processes of 
copper smelters.

' 

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°/o_)- 
tend to volatilize less As with 4-1 0% elimination in fluid bed roasting, 25-30% eliminated 
in smelting and 25-30% eliminated in converting. 

f The influence of temperature on the partial pressure of A5203 is discussed in relation to
_ 

collection efficiencies for various deVices. ' As in other pyrometallurgical operations, the 
volatility, of arsenic (particularly A5406) is the major factor in controlling As emissions. The



=10
_ 

influence of arsenic recycle in dusts has a significant effect on the overall arsenic 

elimination and distribution.
y 

“' 
r 

: 
~ The distribution of arsenic was presented by Suzuki et al13 In the Nabshima/copper 
smelter as follows: 

. 

Stream 
, 

Arsenic % 
IN Concentrate .. 

63.3 
‘ 

Silica 
‘ 

L 

* 8.6 
Misc Feeds 

, 

12.0 
Recycle 

" 
16.0 

. f OUT- Rev. Slag 30.0 
\ 

. .Anode“ Capper . 12.6 
Cdnv. Dust + Slime etc. ' 41.4 
Stack (Scrubber) 16.0 

. it Is estimated that In the early stages of smelting, arsenic sulphide vaporizes and later' In 
"1 ”*the process metallic As4 vaporizes Copper metal has a high affinity for arsenic 

, 
The fractions 'of arsenic reporting to the gas phase varies as the initial arseniccharged to 
the copper smelting furnace."5 The figure taken from this work is shown as Figure 2-10. 

] Flash furnace smelting tests have been carried out by lnco onnickel concentrates.” 
Furnace off-gas contains 40% of the arsenic compared to about 22% in conventional 
roasting and reverb smelting. Thirty-eight percent of the arsenic is recovered inthe.

. 

' 

_ settling chamber in similar proportion to Copper and nickel which indicates that the; arsenic N 
is in the solid stateon entering the chamber or condenses in a solid form at the chamber 

_ 
temperature (700°C). One would expect much higher collection efficiencies in a cottrell 

_ 

operating at 150°C.
I

_
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2.4.3 Converting 

in normal copper converting, approximately 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 
' 

stabilization of arsenic in the molten matte-metal phase. The distribution of arsenic and
i 

concentration in matte at the final converting stage is shown in Figure 2-11 for two SO2 
pressures,“

' 

The excellent review of Piret et al“ has summarized much of the work published on 
copper smelters.

'

~



90 
. 

100' 
1 10 
120 
130 
143 
170 

3 130 
200 
220 
240 

. 

260 
239 
300 
310 
320 
330 
335 
337 
333 

363 
373 
333 
393 
403 
421 

" 

_ 

'443 
453 
473. 
493 
513 ’ 

~ 533 
562 
573 
583 
593 
603 
608 

' 

.- 61.0 
611 

-6. 8005 
45.3514 
~5.9257 
-5.521 8 
-5. 1 378 
-4.4927 
-3.7754 
-3.4724 
2.9049 
-2.3834 
-1 .9025 
-1 .4577 
0. 8787 
-0.661 3 
-0.4793 
-0. 3034 
-0. 1 334 
-0.0505 
-0.0177 . 

~0.0013 

0.00012, 
0.00034 ‘ 

0.00090 
0.0023 
0.0055 
0.0244 
0.127 
0.256 
0.946 
3.144 

, 
9.513

. 

26.490 
100.49 
165.76 
252.06 
377.91 
559.03 
676.65 
729.71 - 

0.0021 
1

" 

0.0053.
‘ 

0.0149 
0.0369 , 

0.0871 
0.3333 
1.325 

1 3.533 
12.69 
40.46 
117.6 
315.3 

1135.4 » 

' 

1339.9 1335.2 
2742.3 
4042.9 
5881.4 , 

7030.3 
7539.0 
7866.6 ~

" 

, 0.002 
[0.0044 

4 
0.0113

, 

0.028 
0.066 
0.279 
1.382 
2.716 
9.610 
30.64 
89.09 

, 

1 233.3 
I 

859.9 

2077.2 
3061.8 
4454.2 

- 5347.0 
1 

5747.4 
5957.6 757.65 

Range 90 -338 059.0 log P(atm)(As406) = - 6080.6/1' (deg K) + 9.9506



~
~ 

PRESSURES ARE EXPRESSED (N BAR ~~ 
/////A~ ~

~~~ \\\'\ 

STABILIW AREAS AT 1: 727°C 

STABILITY AREAS AT t: ECO’C 

STABIUTY‘ AREA OF A5,. 05' AT um'c 
STABILITY AREA OF As‘Os AT mooo'c 

Areas of predominance of gaseous arsenic compounds 
Reference 14 (Piret)



14 . 9 9 , 

. 

' .Fig.2-2 ~_ 

fe-IIs-o, 313m; 

,_ , 

~~ 
8.81” 

I I-l I II I~IIIIIII I I 

1° reIsoIIszI
, 

P?RS406)' 1 

-m9. 
' away 

Fe304Is 

98.04 I I4 I I I I I I I 
III 

I lflLl II 
-. a 49.0 9,9 zoo hwm 1 

PIedominance area diagIam in terms 01‘ log FANG (IIIIII) vs [’91 
(IIIIII) I‘III Fe~As 0 III 800 K (527".C) 

' >Fig.2-3\ 
hfirm swx 

II I‘IIQIIIIIIFIITTIITI 
354(5) :9 I AsIs) . 

{I 

I919“) ' 

III nmwun 
,

I 

~~ 
nwas;

, 

.. ' 

' 

F2203“) 

.208"IlllLlLlollllIlIll 
'20 I3 . 

' 

.19 
‘ 

_ G. 

,g 
' 

. hymn) 
? 

.9 

, 
, I’Ic‘dOIIIIIIaIIcc area diagram' m teIms of log PA, (atm) vs 1013 

. ’oz(aTI'II) I‘ or Fc-As-O III 800 K (527°C). Dashed II'nc' 23 saturation II'IIII'I 
MAS-1(8) 

I 

‘ Reference 3 (Ska)



. Fig.2 -4 ~~ 
Predomtnanco area diagram inc term: a! 10 

‘15. 

NkIrI. 8mm
. 

me 
I I II I'LI 

I I II I 
II-I II II 

10? 

I 

.

G 

P IsIOs)L HIISIS) 

. 45$ MOB” 

'SO‘J ILI ‘IIILIIIIIILIIIL 
'39.9 '50' 47.5 

105 PIOZ) 

3 959606 (ecu) vs 
log P02 (atm) for Ni-As-O a: 800°K (527° c).

~ 
Fig. 2-5, 

Ni-Is-O, seex '. 

a a Ij I—I I7 r—I I I I Ij I I I I I I I I I FT 

IBIIsI) 

I 

HI11953ISI/
: 

.15|g- 'I 

IIIoIsaI
1 

IIISIsZIs)
' 

.39.“ 
I L I I. I I I I I I 

I. 
I l I I I I 

I 

I I J I I I

l 

"39.9 '5.‘
I 475 

‘10! PIOZI 

Predomiuace area diagram in terms of log PAsa (atm) vs 
103 P02 (acm) for Ni-As—O at 800°K (527°C). 

Reference 3 (Ske)



16.

~ 

30°34 

38 

axmzuguannx 

ENS 

Esau—Mm 

sum 

.buaqaofioauofi. 

3335330: 

.50: 

mums 

__ 

,. 

ousumuonaou 

mo 

nouuuaaw 

a an. 

awesoasouna< 

E... 

u< 

no 

«Managua 

33>

,

v 

, No.v.ucm<> 

mo 

um=a<zum=ma 

82. 

85 

8m 

8m 

8w 

8_ 

8

\

o 

KI aunsssua HflOdVA 
-eaq 

ma. 2 m._ 

~ a... 

.4. 

9a2 

an an 

an

. 

ha.v 

«\na. 

som<> 

no 

u¢=a<¢mmzuk

_ 

1.ht.m..~m.~a<.=lun.~0a< 

him 

.NnNAmm<v 

.m—Iu, 

elN.MHh 

heyday—25H"; 

aucuduocta 

leuueniudeo: 

..nl.< 

.AOUdHQ—oeucu 

canaauouuuo 

acuuuuuwdvox 

.nI

< nO°o~Q<

~



~~ 

6m 

€09.30 

4.2 

.852? 3: 

98 

333: 

338.893 

now 

:3m 

no 28 

HEN 

Toma. 

mo ”Ema 

533.

<

_.

~ 

’17.

~ 

...v_.h\vo,_ 

S n. 

N. 

: o. 

ma 

W...

. 

_ 1 _ a __ 

F?’ 
.1 

14V;

. 

.

I 

VI 

r l/ 

3.. 

Noa 

5» 

WI + .._.§m.3¢ 

2. In 

I. 

x 1/ 

63> 

.33. 

ab 

6 lnl

a o ,53....8 

E.

b 

w .8938 

v» 

:1. 

I ..m 

.u 

a .. 

«I 

/+ 0.3 

ono 

x .u/ 

.3: 

nu 

G. 

.X 

a II

.. 

l / ‘ .3. 

.~ 

+ IT 

VIA”: 

.3. 

a.x 

.l 

xa. 

+ , a... 

w. 

.v

u 

I. x 

«v.9. 

+ a6: o

_ 

d Lo 

:32. 

us 
do; 

my: 

’C’ 

m
, 

F 960.1. 

(n

. 

3.6.

9 

.Iv .|

N 

P8 

um» 

ll 

nl 

I...

n 

III

‘ 

I..11."vaovlt 

3

‘v 

M wouuwvn 

...!N.;M;<4

. 

r F _ . _ p 

a.

u 

, 5K 

awn 

mma

. 

moa 

coca 

QSH 

OmNH

_

. 

9.3at 

.3 

32° 

ao.=»mo~¢.:o_~an_hoaa> 

can 

SEES—saw 

_.
~ 

“IN 

.wfim

~



18.’ _‘ .‘ 
‘ 

I 

‘ 

, 

. Eigvz-s The three faces- of the Fe-As-O-S predominance area d1agram at 
(a) 798 K and (b) 973 x. , 

‘ _

, 

at v.’ 
s -As liquid smurulpn 
F0511 ”If; 

f 

‘. 

"‘ F05~
~ 

. I 
A: shut-won 

. 

- 

‘Asp. saturation 
'0 

wt. (a)

~

~ 
4 

.. 

\ 
4:50—50. h; 

A: utt>aflod 

f. Asp. saturation 
7 

1' -_ 

(b)
' 

Reference 4 ('Cha)



Boliden Process for Roasting Ar-senical Pyrite 

" 

. 

- 

‘ ,BOLIDEN PROCESS 

[09 P0 

.15

~~~ ~ ~ ~~ ~ ~~ 
700° 300° 900° 

' 

1000° 1-: 00° 

temperature °C 

Refer;ence 2_ '(Boliden)



20. 
Fig.,2a10, Distribution of Arsenic 

_ 

Final Smolting Stage» Final Converting Stnge
' 

1.938 

033 

aw 

3N
~

~

~ 

~~~~ 

(AS)g 
0.0.0.0...I

~

~

~ 

,___.§ 

cozflEmE 

§. .. 

%.As 
_ 

in charge. 
%As“. in charge- 

“ I6 “T ‘

I net, 
F '. — - 1 bar #8‘ 2 0; B..Psoz A. 9802 . 00]- b8: 

WERE 

.132.“— 

2. 

u<

S

S

~ 

o. 0.05 
AslHCi-MRGE

~ 

'I.

~

~

~ 

(Loos

. 

2.. 

zo§mi§a 

when: 

32E 

z. 

«< 

4.

3 

O

. 

m.

. 

M
o

o

~ 

0.5 

~~ 

0.05 
"LA: m came g

~ 

.005

, 

7»— 

2950.590

~ 

Distribution of As (I) and ooncentra 
natto at firm; convortiug stage (30) Ref.4 (Pit) 

tion 4n 

3 ' i.0 (;"?S-convertiu¢)f
L 

% Cu in matte: 80 
291,250 °o 

- 0.1 m (A) 
1.0 bar (8)

2 80
P



21' 

3.0 ARS'EN‘IC RECOVERY FROM PYROMETALLURGlCAL 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 arsenic (and other impurities) have been 
of great interest to process metallurgists for decades. Competition amongst metal

' 

producers to offer metals of higher and higher purity has prompted the development 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.9 .Arsenical preservatives have been produced frOm these byproducts. and are 
known throughout the world.23 Arsenic trioxide has sold for $2.20 per kilogram to 
preservatives producers. The supply has however, often exceeded demand and only the 
highest purity arsenic compounds have found a market. 

The presence of arsenic, in gold ores can produce a refractory mineral‘“'“ from which gold 
is difficult to extract using conventional methods. Arsenic is only one of a number of 
contributors to refractoriness. The gold bearing compenent 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 refractory compound by flotation is often 
an effective means of reducing subsequent processing costs. Flotation tailings losses are 

off-setby reduced oxidative pre-treatment and subsequent gold reCovery costs. A



22 

; 
scavenging treatment of tailings may be possible to improve the overall gold recovery 
[Commercially proven Options for treating refractory gold minerals are:

‘ 

i); Roasting 

ii) Pressure Oxidation (Leaching) 

iii) Biological OxidatiOn 

. 
! When base metals such as copper are recoverable, smelting In a TBRC or Sirosmelt 

A 

‘ furnace may be a viable option ‘1 Alternatives to roasting refractory gold materials are 
‘ 

discussed In Section 5 The following sections discuss arsenic processing and emissions 
from a variety of pyrometallurgical operations especially roasting techniques associated 

with gold recovery. 

g 32 Roastin - 

‘ 

3.2.1 Non Ferrous Roasting 

Roasting of non-ferrous minerals has been used“ 5" to pre-treat or modify a variety of 
minerals prior to a subseqUent pyrometallurgical or hydrometallurgical treatment. Table 

‘1 3-1 shows examples of oxidative roasting processes operated World-wide for recovery of 
various base metals. 

, 

The processes produce calcines In sulphate, oxide, and mixed 
oxide—'sulphide form. l-leat liberated from oxidative roasting can often provide'the 
necessary energy to sustain the process. Processes which are not autogenous 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 gasicleaning for operations which have widely different 
_ 

I, 

concentrations of arsenic in the roaster feed. Some of these roasters have cbmmon 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‘55 in the literature and the 
requirements of sulphuric acid plants. Production of a marketable grade of sulphuric acid, 
from 802 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 cleaningrequirements 
of sUlphuric acid plants built over the last 20 years by companies such as Lurgi, Monsanto 
and Chemetics are'shown in Table 3-2. It is estimated arsenic to stack is less than 1 

mg/Nm3 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 dismissed in Section 3.1. The 
roasting process yields a calcine amenable to, gold recovery using conventional cyanide . 

leaching technologies. An overview of technological developments“133928“ is included 
to put the transition to current techniques and their limitations into perspective. 

3.2.2 Gold Roasters 

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 many older references, there is little mention 
of gas cleaning except with respect to the recovery of gold values contained in the dust 
and fume emitted from the roasting process“ 19. 

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 reported about 
fifty years ago53 and continues to be investigated”. The benefits of a two stage roast for 
optimum arsenic removal was reported in detail in the .1 940329.. 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'°"4*’V-“"-83 “Particulate containing the gold is generally 
separated from gaseous arsenious oxide using an electrostatic precipitator The 

» arsenious oxide is subsequently condensed by direct or indirect cooling with the high 
grade A5203 collected, usually In a baghousei filtration. Residual arsenic, mostly In the

‘ 

vapour state may be removed by further cooling and wet scrubbing of the gas. Certain . 

cres do not lend themselves to making concentrates which necessitates treating the 
whole area-37'” 77- 7”" 1°“ In a fluid bed roaster (or other process). A number of these 
roasters operate in the Carlin district of Nevada.’ ' 

’ 
'

' 

The use of two ESP’s in series, first hot and second warm to capture arsenic trioxide, was 
implemented by Boliden’15.Boliden later developed wet gas cleaning alternatives42 5‘ 5° 11° 

‘ [The two ESP 5 in series approach was also implemented at Giant Yellowknife and New 
Consort with a SUbsequent switch to baghouse technology for improved 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 Yellowknife17 using two ESP s in series. 

- The use of bag house technology“ to capture arsenic trioxide, shown in Figure 3-1,:came , 

into favour in the 1950’s. Arsenic emissions from the Giant Yellowknife roaster were 
reported at 75 mgl3 when operating the bag house at 230 degrees F. Reducing the 
baghouse temperature to 220 degrees F, reduced the arsenic trioxide concentration in the 
stack gas to its current level71 of- 23 mg/Nm“. Proposed Canadian standards were 

' developed In 1979 based on results obtained from baghouse systems installed at 
Campbell Red Lake‘ Mines Ltd. and Dickenson Mines Ltd. 72 The proposed standard was 
20 mg/Nma. 

Baghouses capture arsenic trioxide precipitated trom hot flue gas by chilling the gas with 
air mixed carefully51'18'9 to avoid cooling to the acid mist dewpoint. Mixes of water and air 

can be used as well as indirect cooling In a heat exchanger. Recovery of arsenic trioxide 
' 

is limited by the vapour pressure of A5203' In the baghouse which approximates 10 to 40
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mg/m" depending on. thegas temperature. Arsenic, capture is aISO related to the quality 

and condition of the bag filters. 
1

’ 

,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 
trioXide from baghouse dust. The refining relied 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 dust9 have grown over the years. 

As discussed in Section 2. the vapour pressure of arsenic trioxide at baghouse 
temperatures is significant and limits the recovery to about 99.5 percent under ideal 
conditions. To recover arsenic from the gas exiting a baghouse, some gas conditioning 

\ 

is required.
V 

It was reported that chilling the gas in a water scrubber and collecting the mist in a wet 
ESP6° can significantly reduce the arsenic trioxide content. Operators at the New Consort 
Mine report39 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 roasting operation at Golden Bear Mines British Columbia treats arsenical 
concentrates in a fluidized bed roaster. ‘28 Gas cleaning includes cyclones, a bagI filter 
and a wet scrubber, which cools the gas to about 70°C. Alkaline scrubbing effectively 

\ 

removes SO2 and A5203. Stack sampling has consistently given arsenic concentrations . 

less than 1.0 mg/m3 (North American Metals Corp). Scrubbing in aqueous acid media will 
effedtively remove arsenic without collecting 802. Some 803 mist will, be captured. 

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

' 

3.3 Smelting” . 

, 

Smelting cf'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‘4'2"22' ‘°5.- The vapour pressure of various arsenic

I 

compounds at smelting temperatures tends to transfer these and other volatile
I 

compounds into the atmosphere above the molten bath phases characteriStic of smelting 
operations. The atmosphere abOVe the bath Is vented into an off-gas handling 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 arsenic has been recognized for many decades. Arsenic prodUced In the US 
in the first half of this century, was principally a byproduct of copper and lead smelting” 
Arsenic was also produced by subliming arsenical sulphides or treating scrubbing 
residues”. Metallic arsenic was rec0vered 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 arsenic was reported by cooling flues, baghouses and hot 
Cottrell precipitators (ESP’ 3). The. technology used to clean flue gases has been

‘
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available for'decadesn'47-5°-59. Gas cleaningdevelopments to recover arsenic trioxide 
efficiently have been refinements in many instances“. 

Table 3-4 shows examplesof off-gas cleaning systems for smelting 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 $02 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 modem 
smelters have to be processed themselves. This results in interesting recycle/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“ 3“. Thq31434Y 
percent of the arsenic in the feed volatilized during primary smelting was discussed in 
Section 2. The wide range of arsenic concentrations reflects its dependence on factors 
such as temperature, weight distribution and gas flow conditions. This complicated 

' 

behaviour of arsenic makes'modeiling arsenic distribution difficult. 

The complex behaviour of arsenic is described in an overall flowchart for the copper 
smelter in Naoshima 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 off-gas to 
produce a sludge. The concept of treating materials collected in gas cleaning systems 
separately to avoid build-up by recycling 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 802 plants 42'5" 11°. 

Roasting, compared tosmelting, is essentially a once through process, with few impurity
V 

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 prior to acid 
production, a number vent the oft-gas to stack after collecting particulates In electrostatic 
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 retain arsenic at concentrations 
of0.4 to 13.0 grams/m3. 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 ESLP as 
particulates and limit the discharge of arsenic to the atmosphere (see Sectionyz.0).‘ 

3.4 Converting 

Table 3-5 illustrates the difficulty in econdmically controlling emissions from, Peirce-Smith. 

converting operations TheLoffL-gas is produced intermittently and the'SO2 concentration 
, fluctuates The major smelters In Canada vent converter off-gases to atmosphere after gas T - 

I cleaning which Is essentially particulate removal Gaspe Copper In Murdochville has 
' 

treated converter gas in a sulphuric acid plant. '

' 

Arsenic' Is distributed between the condensed, liquid and gaseous phases dLIrin‘g converting 
as discussed In Section 2. A common outlet for arsenic is the converter slag if- it Is cleaned .L 

I 
f; 

of metal values and discarded at a land fill site The metal or matte product from a smelter 
also contains arsenic which Is typically eliminated further during refining as in the case of 
blister copper 

Arsenic in the off-gas is not typically as concentrated as in the case of gold roasting 
operations treating arsenopyrite. During converting, arsenic tends to prefer to aSsociate 
with metal Oxides' In the flue dust Which reduces its actiVity and the vapOur pressure of 
arsenic in the gas. This' Is discussed 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

\ if particulate recovery is efficient. -
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Attempts to model'the behaViour of arsenic during converting at TSUMEB's smelter have 
been inadequate54 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 arsenic14 due 
to the delay in forming a copper phase. Converting low grade matte results 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 prior to smelting. The 
agglomeration helps contain the minerals within a smelting furnace until smelting 
reactions occur. Sintering has been replaced by flash furnaces and roaster/electric 
furnace Smelting processes. Sintering is still practiced in lead and lead/zinc operations 
which employ blast furnace technology for successful recovery of metal values. 

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

7 

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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L 

gas proceeds to the stack via a booster fan. A stack liner Is required due to the moist 
'L 

natUre of the gas Table 4-1 compares arsenic recoveries uSing tail gas scrabbing and 
the other options. Capital and operating cost are presented In Section 6. Details of the 

equipment are shown In Appendixl. Turbotak have indicated a willingness to operate a 
pilot scrubber at a site such as Giant Yellowknife to confirm their predictions. 

Significant tail gas arsenic removal Is possible by conditioning the gas by cooling In a low 
' 

- pressure drop venturi sorubber followed by treatment In a wet electrostatic precipitator. 
Gases from the wet mist precipitators proceed to the stack using a booster fan. A stack 

L 

liner' Is also included. The tail gas recovery of arsenic following baghouse collection is 
estimated at 95 percent using this technology producing an overall arsenic recovery of 
>99 9% and an A3203 concentration of <1. 0 mglm3 in the stack gas. By adding additional 

. :4:
' 

.,V mist precipitator modules, the arsenic recovery from the tail gas could be increased to 97 ‘“ 1'

L 

m. L‘ 

3 
:2 

percent Collecting the acid mist (i. e. 803) will be a bonus using this approach A version 
of this equipment is offered by Environmental Corrections Inc. (California) as shoWn' In 
Table 4-1 Details of the equipment are presented In Appendix I. 

A second version of the gas conditioner-mist precipitator combination is available from 
LBiothermica In Montreal This Is an integrated design from France. This equipment Is 
used on municipal incinerators. The arsenic recovery after baghouse collection forecast 

L 

is 90 percent as shoWn' In Table 4-1. , 

'
L 

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 
additional scrubbing tower using an activated carbon slurry added to the Biothermica unit 

‘ 

3' provides for an extra degree cf arsenic removal The costs associated with this option are 
L

L 

Lehown In Section 6. '
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Capital costs were developed based on ’vendor equipment budget quotations to treat 
‘gases frbm a site such as Giant Yellowknife". These costs are shown in Section 6 and 
the vendor data in Appendix i.
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5.0 ALTERNATE TECHNOLOGIES FOR com RECOVERY FROM ‘A‘RSENICAL’: ' 

souaces 
' 

’
' 

5.1 Background 

Alternatives to roasting as a means to treat‘refractor‘y minerals have been investigated- 
and reported33-45'33-33' 7333331“ which improve Au recovery and or meet emiSsion 
requirements. Figure 4-1. shows alternativesto roasting as: 

Pressure Leaching " 

Atmospheric Leaching 

‘ 

Biol‘eaching 

Fine Grinding 

The first three operations are commercially demonstrated and are discussed in the: 
‘3 

following Sections. Fine grinding is an approach repdrted by» Metprdtechsz. 114 in South 
Africa. Commercial applications could not be identified hence this approach willnot be 
discussed further. 

I

' 

Process-options are reviewed in the following sections of the report.
: 

5.2 PressUre Leaching 

A number of gold mills employing roasting to treat refractory minerals have evaluated or 
switched33 35 75 73 35 to a hydrometallUrgical approach. Figure 5-1‘ shows a generic flow 
sheet for pressure oxidation. 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 gold.

, 

, 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-oxidation102 contains a mix of ferric arsenate, ferric oxide, basic ferric sulphates, 
jarosites, arsenic in ferric oxyhydroxides, gangue, precious metals and sometimes

I 

' elemental sulphur. Arsenic in solution is treated in a neutralizatidn 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, titanidm arsenate, magnesium-ammonium arsenate, and 
arsenic sulphide have been suggested 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.“'es-7°'7? The Campbell Red Lake retrofit projected capital costs at $23.6 
million (C) (1990) including licensing and tailings area preparation. Capacity was rated at 
71 tonnes concentrate per day.32 Major capital expenditures are involved in converting 

from roasting 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.85 ‘

'
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5.3 Biological Leaching . 

’ ‘ 

An alternative to chemical leaching is biological leaChing Which employs baCteria to
' 

modify the refraCtory minerals-for gold leaching. Oxidation of sulphides by Thiobacillus 
Ferrooxidans is a natural phenomenon and can be observed in most sulphide 
orebodies‘". The bacteria behave as catalysts and, under ambient conditions, can 
accelerate the oxidation reaction by factors of several hundred thousand to amillion. 

- In bacterial oxidation, selective oxidation is well documented“. High gold extractions are
. 

pdssible with only partial oxidation of arsenopyrite and little oxidation of pyrite; 

Observationsof bacterial attack along grain boundaries, where gold often resides, may 
'explaihfthis; selective oxidation by bacteria can reduce, requirements for oxygen, lime , 

,
. 

and'lirnestone. A consequence of this phenomenon is that unoxidized sulphides are 
disposed of in tailings compounds. Long term stability of sulphides in tailings' needs to be 

‘ 

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

.- ln bio-oXidation as in pressureoxidation, the sulphide minerals are reacted to form a 

varietyf Off compounds, such as sulphates, as described inISection 5.2. Oxidation cf' one . 

' 

ton of s'ulphur requires two'tonnes of oxygen.~ This oxygen requirement‘is the same for 
whole ore or concentrate treatments. For concentrates, considerable cooling or pulp 
dilution is necessary to maintain the process temperature in the range 32 to 37 degrees C 
for Thiobacillus Ferrooxidans. The cooling requirement can negate the advantages of 
treating concentrates instead ofbre. A further design Consideration is the oxygen mass 
tranSfeniln bio-oxidation,- oXyg'en'transfer is slow' compared to other 'prOceSs‘es. The

_ 

implication is that power costs to. provide oxygen increase more rapidly With increasing 
sulphur in the feed than for other processes. Neutralizing sulphur in process tailings is 
significant and expensive. Neutralization at an Australian bio-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, crystalline ferric arsenate. Bio-oxidation can produce a trivalent 
arsenic for disposal which requires an additibnal process step to produce pentavalent

I 

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-leaching was evaluated 
for Dickenson Mines in northern Ontario“. Operations in Nevada, at US. Gold, were. 
maintained throUgh both summer and winter seasons“. There are no reports of bio- 
leaching in arctic regions. 

Successful operations havebeen reported at Fairview in South Africa where bio-leaching 
replaced 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 Atmospheric Leaching 

. 
Low pressure or atmospheric leaChing has been developed as an alternative to pre- 
treatments preyi0usly 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 leaching agent.



7 

so ‘

, 

Many 'reyieWS 'of pre-treatments’for refractoryminerals describe atmospheric leaching as 
a process which holds potential but has not been demonstrated beyond the detailed 
feasibility study stage The Redox process is to be used at the Cinola site in British 
Columbia and at Snow Lake In Manitoba.

' 

A 

The overall chemistry of the two process cited'above. is similar but there are distinctive 
differences in operating 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 regeneration of nitric acid and atmospherIc 
leach vessels 

‘ 
‘ " ' 

' 
' 

. ' 

A summary of operations using this technology Is shown in Table 5-3. Capital costs for 

commercial plants have not been reported In the literature Estimates suggest a Nitrox 

plant for a situation such as the one at Giant Yellowknife would be 1 2 times the capItal
I 

cost of a pressure leach plant
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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 production 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 
cleaning 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 1 952 by a two-stage slurry roaster. In 1958 a larger two-stage fiuid 
bed slurry roaster was installed with a baghouse for improved collection of arsenic. Mill

‘ 

tonnage approximated 1000 tld with the flotation concentrate comprising the feed to the 
roasters.

' 

Flotation concentrates are thickened to 75% solids and sprayed 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 A5203 . 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 
additional air is supplied to oxidize sulphur associated With pyrite and other minerals.



6.2 Gas Cleaning Circuit 
1’ 

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

The Off-gas: from the roasters is‘combined, cycloned to removecoarse particulate {and 
then passed through an electrostatic precipitator (ESP). Arsenious oxide in the vapour 

. 

state passes through the ESP at 600° F The ESP is a Type K, rod curtain collector. The 
dust settles In the collection hoppers and Is discharged by screw conveyors to the quench 

. tank for subsequent gold recovery. Tail gas from the precipitato'r Is cooled by dilution with 
ambient 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 Aszo3 concentration in the 
vapour phase to about 15 mg/m". Since then the temperature has been lowered to about 
220_°F loWering vapour concentration of Aszo3 to about 10 mg/m’. The fluegas 

,. 
‘ V particulate stream Is filtered In a Dracco baghbuse to remove particulate Aszo3 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 screw conveyors The efficiency of particulate cellection in the baghouse 
is dependant on several variables namely, bag quality, shaking cycle and maintenance of x 

the system. A homopolymer Acrylic Dralon T bag has been used reCently' In the 
baghouse. In the early 1980's the shakIng cycle was changed from a timed 45 minute 
control to a pressure drop control. When the pressure drop across the baghouse reaches 
2 inches of Water, the individual compartments are shaken In sequence The frequency of 
shaking Was reduced from 32 to 4 cycles per day, reducing the amount of fine A5203 
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 ft. 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 

’ mglscm. Values reported by an independent contractor 1991-1993 average 24 mglscm 
arsenic. The results 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 dependent 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, approirimating 7 mg/scm (10 mg Aszoglscm). .Gas temperature 
control in the baghouse is via single thermocouple measurement and control of the 
incoming air damper. Variations of +/- 15° F are normal at the thermocouple which will 
cause vapour phase fluctuations in arsenic.

I 

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 tearsor pinholes all factor into the



in our opinion only minor improvements can be made to reduce arsenic emissions to the 
environment using the Current equipment and control philosophy. With IImItatIons on 

58 I 

_ 

. particulate emission. Given a vapour‘concentration of 7 mg As/scm andan average total 
'f,_}_ emission of 24 mg/sCm, ‘a'partiCulate value':of_.1,7mg/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. 

, 6.4‘ Arsenic Control Strategies and Alternatives, 

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. 

7‘ 

_ 

lowering temperature (802 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 confirm 
1 

f 
Whether such vaIUes coUld be maintained on a consistent basis.

‘

~
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I 
7.0 CAPITAL AND OPERATING cosrs Iio‘R'ARSENIc CONTROL OPTIONS“

‘ 

Section 4 outlined options for reducing arsenic emissions to atmosphere by adding a gas 
cleaning unit after the baghouse for roasting operations such as at Giant Yellowknife. 
The options investigated were Wet scrubbing, Wet electrostatic precipitating and aCtiVated 
carbon absorption. Capital ”and operating costs are summarized In Table 7-1 Applicable 

taxes and permits are excluded. 

Wet Scrubbing
I 

Turbotak. Inc, of Waterloo Ontario, provided a conceptual scrubber design to reduce 
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 condition was 

I extracted from a recent report71 from Giant Yellowknife. The estimated arsenic recovery 
is discussed In Section 4 

The scrubber consists of a number of high intensity sprays which knock out the arsenic by 
both cooling and scrubbing the gas A layout sketch of the scrubber Is shown in Appendix 
I 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 included for weather, 
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. 

’ Turbot‘akfIivoIJId be prepared’to demonstrate the Scrubbing process by installing theirpilot 
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 I.
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Wet Electrostatic Precipitation 

Environmental Corrections lnc. 

Significant arsenic removal is possible using a combination of gas conditioning 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 operate 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. 

Biothermica Inc. 

An alternative to the two staged unit available from Environmental Corrections Inc. is an 
integrated gas conditioner and 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 lnc. unit at a Giant Yellowknife type operation is shown in Table 7.-6. The 
associated operating cost is shown in Table 7-7.
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~

~
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L' 

~_~Activated Carbon’lA‘dsoggtion > 

Activated carbon can be used to clean roasting tail gases of components such 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 Is an on-going need to provide make-up carbon. Details of the Biothermica _ 

equipment are shown in Appendix I. Table 7-8 shbws the capital cost for installing an 
activated carbon scrubber as part of the LAB Inc. unit. Operating costs are shown in 
Table 7-9. ' '
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TABLE 7.2 
I 

. 
CAPITAL COST ESTIMATE - OPTION 1 

TURBQTAK §CRUBBING 

, 

1 Purchased equipment costs (supplier quotes) 

2 Equipment installation (include freight and taxes) 

I13. Process piping (include materials. and labour) . 

4 Electrical (include materials and labour) 

5 instrumentation 

1-155} 6 Process buildings, (include mechanical services and lighting) 

1 

7 Auxiliary buildings (include mechanical services and lighting) 

1 

, 

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

”9 
Site improvements 

10 Field expenses (related tc constmction management) 

* ‘2 
~11 Project Management (includeéngineenng and censtru'cticn) 

12‘ Contingency (20 %) 

, 

13 Total Capital Cdst 

thous. 5
_ 

56~ 

150 / 

40 

40", 

nil
, 

‘ 50 

nil 

25 

150’ ,

_ 

236 

1181



TABLE 7-3 

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 

EM. 
L m A ANNUAL s COST/kg As 

OPERATINQ » 

MANPOWER 0.25 Men/Shift 20000 

ELECTRICITY (pumps etc.)*** 0.1 $/l1 33800 

COMPRESSED AIR ** 
b 

500 cfm 
V 

71400 

WATER *8 
' 

25 L/mln Evap. 
'0 

' 

CONSUMABLES allowance 25000 
water conditioning . 

‘ MAlNTENANCE 

MANPOWER 1.5 % Capital 
, 

18000 

SUPPLIES )- 

_ 

‘ 

1.5 % Capital 18000
' 

TAiLiNGS OlSPOSAL Existing ~ 0 

INSURANCE (1% capital) 120% 
TOTAL 198000 69 . 20
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_ TABLE 7-4 
1 

.- 

cAm Cgsr ESTIMATE QOPTION 2' 
ENVIRQNME’NT‘AL CQRRECTIQN§ WET PRECIP. ‘ 

» 1 Purchased equipment costs (supplier quotes)
I 

‘2- Equipment installation (include freight) 
I

' 

a 3 Process piping (include materials and labour) 

.. 
‘4 Electrical (include materials and labour) 

' 

5 Instrumentation 

. 

' 6 Process buildings(include mechanical services and lighting) 

1‘ 

7 Auxiliary buildings (include mechanical services and lighting) 

8 Planti‘services (include water; sewers, compressed air etc.) 

i 

9 Site improvements 

, 

10 Field expenses (related to construction management) 

' 

I111Project Management (includeengineering and construction) 

12 Contingency (20 %)
, 

. 

_, 

13‘ Total Capital Cost, , . 

‘

' 

m4 
» 

828 

1:50 

150 

in
' 

so 

nil
' 

nil 

25 

’403 

2016
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TABLE 7-5 

DIRECT QPERATINQ CQST§ - OPTION 2 
ENVIRQNMEflTAL CQRRECTION§ WET PRECIP. 

ITEM 

QPERAnNg 
MANPOWER. 

ELECTRICITY 

COMPRESSED AIR 
I_VVATER 

CONSUMABLES 

MAIN ENAN E 

MANPOWER 
SUPPLIES 

TAILINGS DISPOSAL 

INSURANCE (1% capital) 
TOTAL 

UNITS 

0.25 Men/Shift 

0.1 $lkWh 

50 Cfm 

free issue 

water conditioning 

1.5 04; Capital
‘ 

1.5 % Capital 
Existing

' ~ 

ANNuAL S CQ§TIkg As 
Sag; 

20000 

60000 

7000

0

0 

30300’ 

30300

0 

ggggg . 

167600 5544
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TABLET-s 

‘ 

' 

_ CAPITAL CQST ESTIMATE - OPTION 3 
BIQTHERMICA WET PRECIP. 

V1 Purchased equipment costs (supplier guotes) 
VV V 

850 
'

; 

_ 

g 

V 
V

‘ 

2 Equipment installation (include freight and taxes) ' 

g 

150 A 

" 
3 Process Vpip‘in‘g (include materials and labour) vV 

, 
~ 

’ 

V 

1‘50"; 
V_V

V 

' 

’_ {Electrical (inclLIde materials and labour) 
' 1V2o 

j

V 

5 Instrumentation 
V 

, 

. 

, 

, 

V 

80 
, 

.V 

V6Processbuildings (include mechanical services and lighting) 
V 

60 

‘ 7.Auxiliary buildings (include mechanical services and lighting) 
V 

g 

nil 

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

_ 50 . 

9 Site improvements 
. 

. 

nil

V 

,y 
10 Field expenses: (related to construction management) 

. . 

25‘ ,

' 

_V 

11 Project Management (include engineering and construction) 
V 

150 

12 Contingency 
, 

V 

, 

V 

,7 
. ,40’9 

_ 

' 

13 Capital cost-Total ' 

- 

_, j 

‘ 

. 20441; '
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TABLE 7-7 

DIRECT OPERATINQ CQ§TS - QPTION 3 
BIQTHERMICA WET PRECIP. 

ITEM 

. 

QPERATINQ 

. MANPOWER 
ELECTRICITY 

COMPRESSED AIR 
WATER 

CONSUMABLES 

MAINTENAN E 

MANPOWER 
SUPPLIES 

TAILINGS DISPOSAL 

INSURANCE 

TOTAL 

UNITS 

0.25 Men/Shift 

OJ $lkWh 

50 cfm 

free issue 

water corIditioning 

1.5 % Capital 
. 1.5 % Capital 

Existing 

1% Capital 

ANNuAL § COST/kg As 

20000 

60000 ' 

7000 

30660 

30660 
' 0 

20400 

168720 58.91



‘ fgggmm . 

* CAPiTAL cg STVESTIMATE - QPTIQN 4 ’ 

BIQTHERMICA ACTIVATED CARBON ABSORPTION 

. 

a 

5 (thous.) 

1" Rumbased equipmentcosts (supplier quotes) 
' 

g 

A 
> 

925 
,

‘ 

2 Equipment installetion (include freight and taxes) 
'y 

., 

7 170 

3 Process piping (include materials and labour) 
; 

170'
, 

L ‘4 
Electricalanclude materials and labour) 

V 
V 

125 '3 

‘5‘ instrumentation 
‘ 

85 

6‘ Process buildings (include mecnanical services and lighting)6:5" . 

7 Auit'il‘ieril'buildings (include meChanical services and lighting) 
. 

1 ml: 

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

50 

9 Site improvements , 

(I 
, 

_ 

. _ ‘5 

ni|~
, 

10 5ield eutienlsesv (related toy’corlstruction management) 
' 

i 

25 

11 Project Management (include engineering and construction) 150 ' 

12 WW <2°%>‘ . 

- 

' ' 

~ 

2 
§ 

’ 

4,41,, , 

» 13 Total‘Capital Cost 
‘ ' 

' 

V 

2205': 
L 

l

V,



TABLE 7.9
' 

DIRECT PERATIN CO_ T - PTION4 
BIOTHERMICA CARBON ADSORBTION 

ITEM 

QPERAflNg 
MANPOWER 
ELECTRICITY 

COMPRESSED AIR 
VMATER 

CONSUMABLES 

' MAINTENANQE 

MANPOWER 
SUPPUES 

TAILINGS DISPOSAL 

INSURANCE 
TOTAL 

UNIT§ 

0.25 Men/Shift 

0.1 $lkWh 

50 Cfm 

free issue 

carbon 

1:5 % Capital 
1.5 % Capital 

Existing 

' 1% Capital 

ANNUAL § CQSTIkg 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 associated with gas cleaning operations determine the 

extent to which arsenic can be recovered from the off-gas discharged to the environment. 

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

The new technologies are available as a result of continued demand for improved 
environmental emission controls. A number of new roasting plants have been ,7

' 

I 

' 

~.:.1‘;?:commissioned In :the last 10 years. providing an effective roLIte to gold recovery and ' 

meeting stricter environmental regulations. 
’ 

V

V 

' 

\ 

it is possibleto use existing technologies to achieve roasting tail gas cleaning} These 
processes can significantly reduce arsenic emissions to atmosphere and require modest 

. 

capital expenditures. Operating costs are also modest and would include the margInal 
‘ 

. 

'cost associated with operating existing tailings disposal facilities.
" 

' 

Alternative pre-treatment processes which could replace roasting are commercially 

available and would curtail atmospheric emissions Installation of one of these process 

_ 

‘ 

, 

would require significant capital expenditures and operating costs at least as expensive 
as those associated with roasting These processes would also require signifiCant 

' development to ensure that concentrates, such as those from an operation suCh as Giant 
7 Yellowknife could be successfully treated for acceptable gold recovery.
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Turbotak Canada Inc. 
Air Pollution Control Systems.

~ 
~~~ No. SPC96-183 
Preliminary Proposal

~ ~ 
550 Parkside Drive 
Suite A-l4 
Waterloo, Ontario 

’ N21. 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 applicable 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 the D I AND PLY NLY of one (1) Turbotak Scrubber System 
. 

TOTAL BUDGET PRICE ........ .................... $248,800.00 

The’uotedpric‘e aboveisf budgetary only and is subject to change at: any time without nOtiCe. 

Reviewed by: 

j
a 

R. A. Allan, P. Eng. 
.' Vice President Engineering; . 

Prepared by
§ 

_
. 

/
7 

__Carl Bender , 

_ 

Proposals Coordinator 

A Division of Turboi'ak‘ Technologies Inc. 

Fax: (519) 885-6992
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Turbotak Air Pollution Control Systems 
Suite A-l4, 550 Parkside‘Dr-ive 
Waterloo, Ontario, CANADA, N2L 5V4 
tel 519-885-5513, fax 519-885-6992 

TO: ' LA. Kurtis, &‘ Associates ~ ATTENTION: Allan Kurtis 3 

1' 

‘ .3; _ .- 

FAX a: 416 763 6012 DATE: January 17, 1995 g DATE: . . ‘ . ‘ . . ' . . . - . . 

FROM: Egbert van Everdingen TOTAL PAGES: 
l

’ 

SUBJECT: Tail gas scmbber for Giant Yellowknife Project &;W 3.2;.2 f..' .‘
, 

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 above, 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 your assistance."

~



rub r r 'n D 
Inlet Gas Conditions 

Gas Volume (ACFM) 
Gas Temperature (°F) 
Gas Humidity (% v/v) 
Particulate Concentration (mg/Nm’) 

~SO2 Concentration (ppmv wet) 

Expected Outlet Gas Conditions 

Gas Volume (ACFM) 
Gas Temperature (°F) 
Gas Humidity 

.

‘ 

Particulate Concentration (mg/Nm’) 
$02 Concentration (ppmv wet) 

Operating. Parameters 

Pressure Drop Across Scrubber (”H20) 

“Total Liquid Flow Rate to Scrubber (USgpm) 
- Evaporative Loss, 
- Scrubbing Liquid 

Liquid Flow Rate'ito Entrainment Separator 

Design Compressed Air Consumption (SCFM)" 

Fan Horsepower (BHP) 

’ To be optimized during scrubber commissioning. 

. 
I 

‘y No.: 

36,619 
220 ' 

5 , 

10 , 

12,500 

32,005 
109 « 

' 

"saturated v 

TBA, 

2.5.. 

6.5 ’ 

38 

.16} 

415 I 

SPC96¥183



- mm 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 1n 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 hydraulic 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. KURTlS & ASS. 
140 Mavety Street 
Toronto, Ontario 
M6F 2L9 . fax: (416) 763.6012, 

. 

tel: (416i 763.4230 

REFr Gas scrubbers for Giant Yellowknife Project 

OBJECT: Preliminary 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 A5203. The acidity
I 

of the scrubbing liquid would be brought by partial capture of 803.1fthisis not sufficient, acid 
addition may be needed. 

The EDV Scrubber is a proprietary 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 Aszo3 is 1.0 mg/Nm3 but the pilot test 
would confirm the outlet guaranteed concentration. , 

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

.../2
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lg) 

45‘ 72 

The total cost at the final solution is estimated at 500, 000 $ to 1,500,000 $ US dollars 
depending on the. 

' 

- need to put a new I D. fan 
need to put a new stack

_ 

need to treat the 803 more effectualy 
need to provide on acid supply system. 
need to add air electric filtering element 

The time frame for the. project is as follows: 

0 ' 

pilot testing: next summer/fall 

o ' 

final solution: summer 1997 

Hoping this to be satisfactory. 

Gerard Goseelin, P. Eng. ., 
Vice- presndent ' 

GG/mco
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Gaz brut 
Eau neuve 
Gaz épuré 
Eau Claire 
Géteau

~ ~~ 
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G GRANILAB M VMODULE 

Pulvérisateur LAB - G 
Alimentation H.T. 
Electrode H.T. 
Pulvérisateur LAB - F 

(oooucnm 

Préparation neutralisant 
Neutralisation 
Floculation 
Décantation 
Déshydratation
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-J.A.'KURTIS-& ASSOCIATES 
140 Mavery St. 
Toronto Ontar1o, N6P 2L9 
Canada 

L. madame MEAT YELLOflKflIFE 
(415) 7634230 fax (416) 763-6012 

- "M “MM! to W {MAW 1W 193311111 the “flowing quantum: 
WSCRHWON 

on. February 1, 1996 
'7 

‘ 

, , WM 0-96-02-01 ‘ 

Y," "mm" w your letter (1 

Jan. 05/96 ',' 

(“cf-111m: 0 13011131119116 on HIV-I“. Sir; .‘ 

MUG, ._ 

EnV1ronmenta1 Corrections, Inc. 

I 

ESP units for efficiency of 952 

6 ESR‘Units'for efficiency of 98% 

lea. Pretreated Scrubber and Fan (no 

A) Speciflcatvon -~ 29000 SCFM 
B) Custamer to install 

£.C. I. to supervise 
C) AJ'T FRP construct1on 

manufactur1ng and suppiying 0f the following: 

[Dr-aways and full proposal to fonow 

is pTeased to b1dthe 

488.0000 

5921;111:021, 

Duct) 52,760.60} 

1"

J 

Tu Not Included m Guam Prim

~~ 

sumac :11?v wt. 
10 weeks _ 

1- 631%; A 1.64. 
_ 

:[I 

‘ 
. Adovmmet .30 

_ 

S'u’n Va 1;} eat 

WG/CA 
Rodué'v-JO‘lsnn 

- ‘
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APPENDIX 2
’ 

GIANT YELLOWKNIFE STACK EMISSIONS



' ’ Giant. 

ARSENIC EMISSIONS FROM GIANT MINE ROASTER 
RESULTS OF STACK TESTING 

DATE EMISSION RATES - FLOW TESTER 
, TOTAL PART. VAPOUR 

, 

, (mg/cu m) (kg/day) .(mg‘lcu m) (mg/cu m) (cu M) 
May 27 1981 6.7 8.8 0.1 6.6 

_ 
54,500 Giant 

May 28 1981 6.7 7.5 
' 

0.3 6.4 52,500 Giant 
June 24 1981 4.4 6.5 1.1 3.3 61,300 Giant 
July 14 1981 

, 
5.5 . 

, 
8.3 2.2. 3. 3 63,2004 ' Giant 

July 31 . 1981 5.8 18.1' N/A . 
‘ 

. ,N/A ~ 58,400, » Giant 
* August7 ' 1981 18.4‘ . 

" [27.2 18.1 1' 
. 

j 
0.3 61,500 Giant 

August 20 1981 18.9 24.0 N/A N/A 53,000 Giant 
August 21 1981 9.3 11.2 N/A N/A 50,100 Giant 
August 25 1981 14.1 17.3 N/A N/A ‘ 

. 51,000 Giant 
** Dec. 15, 1982 10.2 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 

V 

, 

EPS 
July 8 

p 

1983 37.0 40.8 N/A N/A , 46,000 
' 

EPS 
‘ 

July 11 41983 29.7, , 

' 28.1 N/A N/A 
. 39,400 .: 

' nEPS‘ 
July 12 1983 23.0 25.7 N/A N/A 46,400?” 

. 
EPS 

July 13 ’ 1983 25.3 28.8 N/A N/A 47,400 
' EPS 

** Nov. 19 1985 14.4 27.1 5.5 8. 9 78,000 Giant
. 

- Nov. 18 1986 16.3 24.3 1.5 14. 8 62,000 Giant 
Sept. 28 1988 158.1 185.0 48,800 

. 
Giant 

Oct. 5 1988 198.8 232.8 60.2 138.6 48,600 Giant 
. 

*"' Oct. 11 1989 24.0 26.4 2.3 21.7 45,300. Giant 
** August 17 1990 ' 

34.3. 37.1 2.3 32.0 ~ 45,000 » Giant 
** June24 1991 16.3 

' 

15.2 0 5 * 15.8 . 38,700+ 
‘ 

Giant 
*** August 29' 1991 25.8 59.0 N/A N/A 95,000 . Caactor 

October 30 1991 23.0 25.9 N/A N/A 146,900 . 
Cormactor 

October - 1993 23.0 29.2 . 39,900 Giant 
Sept. 13 1995 3.2 3.2 N/A ' N/A ' 45,000 Comm 

"‘ These values for arsenic in Particulate and Vapour may have been sw1tched 1n the report from _ 

** 
, 

I 

The results of these tests are suspect because Giant did not follow the EPS protocol for sampling. 
*** 

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


