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AB~~RACT 

't 

'This study examines the impact of water pollution control CQsts on, 
, \ ~ ! 

mining economics. The analysis focu~es on tHe base metal ~ining 

sector in Canada for which econo~ic data have been assembled. Three 
". 

levels of wtt~r po lut ion control regulations are defined. Waste-

water treatJq~ ystems are designed to provide an effluent 'quality 

complyi.ng wi th 
" 1 quently coste 

assessed r:-

he regulations. These treatment systems are subse­

and the impact of water pollution control costs is 

i. 

mic ICharacteristt-cS 'of the base metai mining sector have been 

assess bot~ on a before- ax and after-tax basis. On a b'efore-tax 

basis the costs related! 0 water pollution control are, found to be 

an important part of toial capital and operating 'costs. On a:p after­

tax basisl l however 'tese costs do not appear to have a particular,ly 

adverse effect on th aconomics of the base metal mining sector. To 

the extent th~t th, ~econd control level dèfined in thi~study re­

presents current regulation;; i t has been found that most kOf the eco­

nomic impact has already been absorbed. Therefore, a change to more 

stringent regulatibns would not h,ave a,. very significant effect on 

the economics of the base metal mining sector. 
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Cette étude examine l' impacte é~nomique du coUt de contrôle de la 

-- n pollution des eaux. L' analyse porte s~r le secteur minier d~s métâux 

de base~ pour lequel des données ont été rssemblées. Trois nivaux 

de contrôle de qualité sont definis. Des systèmes de traitement sont 

établis de façon à donner une qualité des effluents conforme aux 

, règlements ~ Les coUts de ces systèmes sont estimes et leur effet sur 
1 

les caractéristiques économiques du secteur des métaux de base est 
. , ;,. / 

ensul te eval ue . 

Les saracteristiques économiques du patrimoine minéral S(;>nt évalués 
r 

avari:t et après l' imposition des taxes et droi:ts miniers. Avant' impo-
r , • • 

,sitlon fiscale. les conts associés, au contrôle de qualité des effluents 

représ~ntent \me p'artie importante des investissements de mise en 
\ 

valeur ,et des conts de production. Ce~ coOts~ d' ailleurs~ dependent 

plut8,t de la capacité de la mine que du type de minerai. C;:ependant~ 

après imppsition~ ces conts ne semblent pas affecter sérieusement les 
, 

caractéristiques économiques du secteur minier étudié. En considérant 

que le deuxième niveau de contrôle défini dans cette etude represente 

les règlements actuels" il est démontré que la majeure partie de 1'" 

,imP8:cte éc~nomique a déj à été absorbée. Par, consequence, \.Ul changement, 

vers des règlements plus sévères ni affecterai i pas· très sensiblement 

les caractérisÜqués économiques du patrimoine min6ral Canadien. ' 1 
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CHAPTER 1. INTRODUCTION, 
1 

. 1.1 Environmental ImpactI of Mining 

In this study, mining is defined to comprise the mining and milling 

stages of mineraI supply. The product of mining is metal concentrate. 

Mining distrubs the environment in several,ways: 
1 

Surface mining creates aesthetic problems and land devaluati6n. 

Tailings disposaI may be a source of waters contaminated with toxic 

substances. 

Acid mine and tailings waters affect the pH of receiving water-

courses. 1 

Surface mining and ore transportation disseminate dust in the air. 

- Tailings,dams represent potentially'dangerous structures. 

'Hater POll~t~~ the Sing~. rnost important ~~e of environmental 

damage created by mining. In general, water pollution is the main, 

environmental problem in the mining and transformation stages of metals 

production. In the smelting and refining stagesJ the main problem is 

air pol~ution. 
/ 

Increased scale and intensity of exploitation of minéral resources, 

increased populati~n and social developments have ~esulted in concern 

over the side effects of ~ining~ mainly in, terrns of aesthetic and pol-
, 1 

lution effects. This concern is reflected.by the establishment of 

regulations for prevention or elimination of damage to the environment. 

!hese regulations result in better environment for men and life ànd 
1 

~ 

1 
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J>~I 

righer costs for the mining industry. 

1.2 The Objective of the Study 
J 

More stringent environmental regulations result in additional costs 
/ 

for the mining industry, over and above traditional production costs. 

In the case of water pollution, regulati~ns specify the maximum amount 
, 

of pol1utants permitted ta be released in t~e environment ~hrough mine 

and mil! waters. Compliance with the regu1,ations means for the mine 

operator installation of additional treatrnent faeilities. The additional 

capital and operating costs associated with pollution control affect the 

economics of mineraI supply. . ~, 

The foeus of this study is the Canadian base metal sec~or, for which 
" 0 

economié data have been assembled (Section 1.4). Therobjective of the 

study is to evaluate the impact of water pollution control costs on the 

economics of the base metal mining sector. This task is accomplished 

in two steps: 

Estimation of capital and operatJng costs 

Iut ion' control. 

'" 

aSSociated'\ùh' water pol" 1 

Assessment of their effect on the economics o~ the base metal rnining 

sector. 

In the first step 1 of the analysis, costs relevant ta pollution control 
, -

are estimated for each base metai deposit included tn ((the. existing data 
• 

. ~II 

base. The particular characteristics of each deposit (tec~nical, regional, 

\geological) must be estimated if the results. are to be realistic. Average 

values have been used whenever· these characteristics are not knoWn. 

... -1 -- ..----- -~- ... -- .. - -~.-
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3. 

Although the costs estimated for each deposit are uncertain, it is 

suggested that they provide a meaningful hasis for estlmating overall 

economic effects. 

In the second step of the analysis~ 1 the impacts of the'estimated water 
\ , ~ Il 

pollution control costs are assessed with respéct to the following 
1 

economic chéi:racteristic~: l " 

On a before-tax basis: 
1 

The potential numher of economic deposi ts for a particu~. en~owmen~ , 
\ ~ 

shows the number of depasits that can potentially realize a total 
1 

reven~e of more than $20 millio~ and a rate of r~turn higher than , 

8% (cast 'af capital). 
" 

The potential value to society is the increase in society's wealth 

·fI which results from' the exploitation of aU ecollomic,'depasits. The 

potential value' to society is the difference between total revenues 

and total direct costs"and represents the availahle surplus value 
/ 

prior to mining taxation considerations. 

Taxation is a profit-sharing mèchanism. It aims ta distribute thé 

poteptial va~ue between the government and the mining industry. After 
\'''~ 1 

t~xation) however, sorne ~conomically marginal deposits will not satisfy 

'" 
IEvaluations are made using discounted' cash flow methods; the most co~on 
are: 

Net Present Value '(NPV) = sum of present v?lues'of positive and 
negative cash flows over the operation's llfe, discounted at the 
investor's cost of capital; 
Rate of Return (ROR) = rate of interest realized by the investor 
over the ope~~tion's life considering his investment and retuTns; 
the ROR is the discount rate that equates the total 'present value 
(PV} of investments to the total PV of returns. 

.' 

r ' 
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l , 

eco~9mic deposit criteria. TIlese deposits[will not be exploited and 

their potential value will not be realized. On an after-tax basis, 

the endowment value is evaluated with respect tO'society, the mining 
\ 

industry as investor ~nd government as tax collector. 

The value. ta society is represented by: 
\ 

4. 

The actual number of, economic deposits, i.e., the number of deposits 

~hat satisfy economic deposit crit~ria on an after-tax basis. 

The actual value to society. i. e.-, the surplus value, to society 
Q 

that can be realized from exploitation of the after-tax economic 

deposits. 

The value, to the mining industry is represe~ted by: 

The rate of retum to the investo~. realized fram exploitation of 

the after-tax ecouomic dèposit~. 

The value to the government is represented by: 

The total present value of tax palments, resulting from the expIai a­

tion of aIl after-tax' economic deposits. 

It must be noted from the outset that the endowment as described in 
1 

Section 1.4, is considered for the purpose~ of this study to be 

, system. .The focus ~f the studr is the reactions of this syslem 

changes in it$ environment (pollution control regùlations). 

issuesdare not incorporated inta the analysis, such as thebetter 
1 

environment resulting fro~ compliance with the'regulations~ and t e 
.. l ,. 

indirect effects of the additional expenditures on the economy. 

\ 
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1.3 Terms of Reference for the Analysis 
,1 

, 
The effluent discharge possibilities for a mining Qperation range from 

( 

the indiscriminate dischaFge of aIl effluents and residues to astate 
1 

of complete elimination of discharge. For the purposes of this analysis, 
1 

three dis charge levels have been defined: ' 

Control Level 1: Absence of regulations. No consideration is given 

to pollution. AlI effluents are freelr discharged 

to the surrounding receiving media. 

Control Level 2: Existing .federd regulations. briefly shown in Table 1 \~ 

(Bragg, 1975). Descriptions of these regulations are 

gi ven in Appendix 1. " 

Control Level 3: Complete elim~nation of discharge if possible. When 

this is not achievable with e~isting technology~ 

the best possible technology is applied. 

The approach consists of estimating t~e capital and operating costs 

associated with water pollution control for each mini~g operation, as 
\ 

a function of each of t,he three control levels. The water treatment 
\ 

applicable is defined for e~ch m~ne designed ta operate urrder each Qf 

the three control levels. The particular characteristics of'each mine 

are taken into account in this definition. 

The water treatment operations are subsequently costed. The results ,f 
, 

are three sets of capital and operating costs per deposit, each Sèt 

representing the costs of compliance with one of the pollution control 
1 

levels. 

l , 
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( ) 

, . , 

Parameter 

- lead 
copper 
arsenic 
nickel 
zinc 
suspended solids 
pH ' 
acute toxicity 

Ra 226 

Control Level* (Tota~ Metals) 

\ 
0.2 mg/l. 
0.3 mg/! 
0.5 mg/R. l, 

0.5 mg!! 
0.5 mg!! 

25.0 mg/R.' 
6.0 minimum 

" 

not less than 50% survival 
in a 96-hour bioassay test 

(in guidelines only) 
10 pCi/t (dissolved) 

~The control level represents a monthly arithmetic mean for the 
parameter listed. 

\ 
TABLE 1. Summary of acceptàble effluent levels 

as-set out in regulations and guidelines. 
!I(For base metal. uranium and. iron mines.) 

Until now, costs have been estimated for mines designed to operate 

6. 

l ' 

under each of the defined control levels. ,When, however. a mine already 

operating at Level 1 i5 required to comply with Level 2, the situation , , 
, 

il; .different. Sorne facilities already exist', since sorne pollution 
\ 

control rneas~res are exerted. New complementary measures have-to be 

taken. but the design flexibility is limited by existing operating 

facilities. The additional facilities and control measures that have 
1 

ta be incorporated into an existiiIg process in order to, conform ta the 

next higher control level. are called an 'incrernent'. 

Within the scope of this analysis. three increments can be assumed: 
! 

1 . 

\ 

i , 

1 

1 

1 

1 

1 
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Increment A: 

Incremen,t B: 

upgrading of an operating mine from Level 1 to Level 2. 

Upgrading of a mine des~~ëd'for and operating at Level 

2, to Level 3. 

Ircrement C: 
, 1\ 

Improvement'to Level 3 of a mine, presently oper~ting at -----" , 
Level 2. This mine. originally designed to operate at 

Level l, has subsequently been upgraded to Level 2 'by 

InCl,'ement A. 

The relationship of Increments to the defined control levels is shown 
• / 

in Table 2. 

) 
New Mine Upgra'ded Mine 

1 Level 1 1 .li 

,"~ 
1 Level 2 1 1 Level 1 + In A 1 

~ ~ 
'-1 L=-e-v~e 1=--=3--'1 r-I L-e-v-'-e-I-2-;--=-In---B--o, 1 Level 1 + In A + In C 1 

~t 

TABLE 2. Relationship of defined levels and increments. 

// 

IncrementaI costs are u~ed to complement the assessment of the impact 
\ 

of control level change OJlr, economic characteristics of the ,endoWIMnt .,' . , 

. , ' 
", 

/ 
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1~4 The Canadian Base Metal Mining Sector 

8. 

,~ \ ' 
~. The base metal sector is defined to include copper, zinc, lead and 

, . 

'molybd~num deposits together with any associated gold and silver 

content. The data base used for evaluations includes cash flow esti­

mates for a11 131 signific~t disc,?veries made during the 1951~r4 :'period': 

Appe~dix 2 ~ives a list,of these }31 deposits. The list-includes ~e~ 
o ' 

name of eaeh deposit, its discovery date, the controlling organization 

and the name of any paren~ or affiliate"organization. 

1 

Each deposit is evaluated at the mine development decision point, on 

the basis of current economic and téchno1ogical outlook conq.itions. In 

addition, the exploration cost and ti~e required to find and delineate the 

deposits are included. Thus, assessments are made of the exploration, 

development and production phases of the base metal mining sector. All~~ 

monetary values are e~ressed in constant 1979 dollars. 
1 

General market estimates are applied to evaluate the time distribution 

of revenues for each of the deposits. Metal priee is both the most . . 
important and the mast uncertain variable in the assessment of cash 

1 

f~ows. Therefore, cash flows are evaluated as a function of price. 
\ J-

An expected'~or mean price outlook is bounded by upper and lower limit 
\. 
prices for each mineraI commo4ity. The prices us\~d are shown in Table 

,zFurther details concerning the data bas~ and methodology applied May 
be found in Effects of Taxation on Base Metal Min:i,ng in Canada, B.W. 
MacKenzie and M.L. Bilodeau, Centre for Resource 5tudies, 1979. 

, \ \ 

1 

3. 

/. 

1 
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Conunodity Lower Limi't Expec'ted Value Upper Limit 

copper ($/lb)l 0.70 LOS 1.50 
zinc ($/lb) 0.40 0.50 0.70 
lead ($/lb) 0.32 0,.42 0.62 

0 

molybdenum "-

($!lb 'in concentrate) 4.50 7.00 10.00 
silver ($/oz)2 6.00 8.00 72.00 
gold ($/oz) 200.00 270.00 450.00 

o 

TABLE 3. 
o 

Metal price~ (1979 dollars). 

The assessment of' costs and revenues assumes that a~etal concentrate 

is produced at'each possible mine .. Individua1 estimates of recover~bie , , 
/ 

ore reserves, mine and mill capacity, development'capital costs, 

operating costs and devèlopment period are ~ade for each of the basé 

metal deposits, basèd on present-day economic and technological condi-
, \ 

tiOt:ls. The d~stributions of these estimates are shown in Appendix 

3. In the ~stimation of each depositts capitàl and operating costs, 

compliance with the actual,federàl regulations (defined as control Level 

2) is assumed. 

, 
For the purpose of estimating water pollution control costs, the deposits 

are categorized inta various types. and sizes." Tables. 4 and 5 o~tline 

the criteria for these gefitlitions. Table 6 shows the numbeT of deposits 

be1o~ing to each type and size category. 

l 
2 1 lb::: 453.59 grms 

1 OZ~ 31.10 grams 

\ 

1 
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Type of Deposit 

1 

z 

3 

" , 

'. 

o 1 

DepositoC~aracteristics 

Cu-Zn-eP or Zn-Pb deposit; 
complex millins circuit; 
high sulfur content 

Cu-zn~A~-Ag, Cu-Ag-Au dePQsit; 
simple milling circuit; 0 

me?ium sulfur content 

Cu, Cu-Mo, Mo deposit; 
simple milling .circuit; 
low sulfur content 

TABLE 4. Defiinition of deposit types. 
\ 

\. 

.. 
Annual Mill Capacity çtons/yeart 

Mine Size From To 

o 

10 o r million 

2 1 miJ.lion 5 million 

3 5 million ~ up 

. ( 
TABLE S. Definition of mine size 

3 1 ton 0.907 matric tonne 
, "J, 
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.Mine Size Type,of Deposit 

7 

1 2 3 

1 19 53 9 

2 9 10 19 
3 2 19 

\, 
Totals 30 63 38 

/ 

TABLE 6. Number of deposits in each,mine 
size and deposit type category. 
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Totais 
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CHAPTER 2. AN OVERVIEW OFaTHE STUDY 

Regulations concerning protection of the natura1 environment from pol­

lution are a part of the legal framework of t~e mining industry. This 

particular field of governll1ent autho~i1;Y" has become increasingly 

string:nt in recent ~ears. This study is an attempt to examine the 

impact of these increasing pollution control burdens on the economic 
. ,; 1 

characteristics of the base metal mining sector in Canada. 

The study focuses on water pollution, which i5 the single mast importâ~t 

aspect of environmental qua lit y re1ated ta mining' activities. Three 

'levels of water pollution control h~ve been defined. 
1 

- Control Level 1: f~ee ftischarge 
, 1 

- Control Level 2:' compliance wi th existing federai regulati.ons 

-~ Control Leve1 3: complete elimination of discharge . 
, . 1 

Economie evaluations are made for 131 deposits discovered during .the 

1951-74 period. These deposits contain copper, zinc, lead and molybdenum, 
't ri 

1 

as weIl as assoaiated gold and sil ver. Technical and economic character-

istics of these deposits have been estimated, compiled and used to 

assess the economic value of the base Metal Canadian endowment with 

respect ta âifferent taxation.systems (Mackenzie, Bilodeau 1979). 
'-J, 

Within this study, the costs of compliance associated with each control 

level are evaluated for each deposit. These costs are then introduced 

in the database and economic criteria are evaluated for each deposit 
\. 

1 

andtfor the\ total base metal sector. Potentin values prior to mining 

" 

,1 

l' 

i 
1 

" 
1 
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taxation considerations and actual values on an after-tax basis are 

assessed. Potential value assessments are made on the basis of: 

- Potential number of,-eco~omic d·eposits. 
, . 

- Potential value to Canadian society, exPressed as the n~t present 

value and the rate of retu;rn of cash flows generated by the poténtial 
/ 

economic deposits .. 

Actual value assessments are made on the basis of: 

- Actua 1 number of economic depos i t5. 

p - Actual value to society. eXpressed in te1"ms of net present value. 

- Actual incehtive to the mining industry. expressed in terms of rate 

of return ta the investor. 

- Actual value to government, as the ~ax collector. expressed in terms l ' 

of prese~t value of tax payments r 
1 

The mast common causes of water pollution problems associated ~ith 

mining, 'éxamined in Chapter 3, include: 

- A~ids genèrated from exposure of pyrites to the atmosphere; 'these 
, 1 

acids ,affect the pH of receiving waterstreams and leaeh toxie heavy 

metaIs f~om tailings. 

Contaminants arising fr01J! ore process~ng; fr<?thers. thiosalts and 

suspended solids. 

It appears that in current mîning practice, suspended soIids and thio-
1 

salts are seldom a problem. Tailings ponds usually provide enough 

retention time for thiosalts to be oxidized and susp~nded solids to he 

settIed out. Frothers can either be eliminated by indueing oxidation 

conditions or recycling to the mi 11. 
1 

. created by acid metal-bearing waters. 

-

The most impor~ant probl,em is' 

'" Th~se waters are usually treated 

,I 

l' 



", 

ii 

C)· " 

... 
with lime in order to be neutralized and to precipitate leached heavy' 

" , 
metals in the forIU of hydroxides. This' can be accomplished by controlling 

t~e pH between 9.5 and 10. Lime treatment i5 u5ually carried out in 

the tailings pond. 

The facilities currently used for wastewatér treatment and pollution 

control are alsb examined in ,Q1apter 3. The taiÜngs pond is typica,lly 

1 

1 ) 

the central element in the water "treatment system. It p:rovides permanent' 

storage for tailings and precipitates and also provide5,the required 

conditions for acid neutralization, heaVy metal removal and reagent 
, ,_ 

stabilization. AlI contaminated water in the system rnay be treated in 
1 

the tailings pond. Sometimes, though, acid mine and surface waters 

are treated in a separ/te holding pond. A recent development in the 

treatment of acid waters is the mechanical treatment system. The water 

'. 
treatment system includes a network of channels for the col~ection of 

1 

acid or uncontaminated surfî~e waters. 

1 

Chapter 4'presents waste water treatment flowsheets for the various 

co~trol levels and --types of deposit. It al 50 present$ the cast es'ti.:. 

mating procedure for these treatment systems. Higher effluent quality 

i5 ~chieved with more advanced effluent treatment. The flowsheets of 
\ 

wastewater treatment systems include àll operations affected by 'a chan~e 

in control levels. At Level 1, only the operating requirements of the 
\ 1 

mine-mill complex are considered. At Level 2 aIl mine, mill and ,sùrface 

waters are treated with limJ in the tailings pond. The tailings dam is 

constructed sa as ta meet structural requirements ànd minimize seepage. 
" '. 1 

::. . ' 

R~claimed water is recycled at the industry's average recycling rate. 

) 
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At Level 3~ acid mine and surface waters are treated in a separate 

holding pond, except in the case of type l deposits (producing Cu~ Zn 

and Pb). In these cases, acid waters are mechanically treated. Re-
clàimed ,water is recycled at the highest rate technically possible. " 

Flowsheets for incremental systems are also considered in Chapter 4. 

An increment is the i~rovement of the treatfent system for~ an operating 

mine, in order to comply with a higher control leve!. Usually, the 

Iflexibility in the design of an increment is limited by the existing' 

facilities. 

Olapter 4 also outlines the computer simulation model used for the 

evaluation of water treatment costs. In the first stage of the 

analysis~ the technical characteristics o~e operations pertinent to 

each control levei are evaluated for each deposit. In this evaluation. 

individual deposit characteristics are used> ~ ~ell as average industry 

values. Tec~nical characteristics inciude volumes of recycled and fresh 

water, dam dimensions, amount of lime for effluent treatment and volumes' 

of surface waters. I~ t~'e second stage, operations relevant to water 

treatment are costed on the basis of their technical characteristics. 

111.e capi tai a;nd operating costs related to each control level are the 
\ 

total cost ofl the facilities and treatments involved for the specific 
\ 
\ 

control leveI.l 

The estimated pollution control related costs are: presentéd in Chapter 

5. These cost.s re'flect' economies of scale in pumping and piping faèili-

ties, Type ~ deposits l have consistently lower costs per ton than depo­

sits of the other types. 

'\ 
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This is a result of their nature which is the least proble~tic and 

their typically large size. Type 1 and Type 2 deposits have appraxi-
1 

mately equal costs at Level's land 2. Type l deposits involve a more 

advanced wastewater treatment but are larger on average. 
1 

At Level 3, 
, , 

type l deposits have significantly higher costs ,because of t~e intro-

duction of mechanical treatment' in the system. Increment A involves 

the most important incremental costs. According to Scott and Bragg 

(1975a), "the incremental cast of waste treatme~t to upgrade old faci­

lities'appears t~ be approximately IO-20f/ton of ore with an extreme 
>1-

of 35t/ton. 1f This range .approximates the distribution of operating 

costs of incr.ement A. Increment A costs, however, are higher be~ause 

they represent total costs related to pollution control. Pollution 
1 

control related capital and operating costs represent a sizeable portion 

of totrl costs at control Levels 2 and 3 and increment A. 

Since mataI priees are the mast uncertain and most important eeonomic 

factor in this analysis, assessments are made for I,ower limit, expected 

value and upper limit prices at the three control levels. Potentiai 

value assessments are sensitive to metai priees. The number of ~conomic 

deposits and the potential Net Present Value to Society are s~nsitive 

to changes from control Level l to Level 2 at iower limit and for expected 
1 

value metaI priees. 

Deductibility of pollution c~ntrol casts for ta~ purposes results in tax 

credits, which ease the burden to the mining industry. The actual number 
, 1 

of economic deposi ts, net present value to society and rate of retum -\' 
, , --1'-

,.-
to the 1nvestor assessed on an after~tax basis, show an important sènsi~ 

1 

l, 1 

- "tivity to changes from control Level l to Level 2 at aIl metals price 

.1 
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variants. Tax payments decrease substantially with control level 

changes. The decreàse r~presents the government's contr~bution to 
\ 

17. 

the higher eosts associa ted wi th higher le~els of pollution control. 

The following points outline the results of this study. 

- Pollution control related costs represent important ~omponents o:f 

total capital and operating Costs. 

- Potential value and after-tax assessments are mainly sensitive to 

changes from control Level 1 to Level 2. To the extent that control 

Î 

Level 2 represents the current-l.'Jegulations. most of the total economic ,y , l. 
impact has already been absorbed. 

Taxation eases the burden to th~ mining industry by transferring a 

part of the costs to government. through reduced tax payments. 
(1 . 
- Small deposits of the shield region are generally the most vulnerable 

to changes ir control levels. If Level 3 'controls were to be imple­

mented as a national regulation. it is suggested that sorne measures , 

be taken to cushion the impact of this change on smaller mineraI 

deposits and mining operations. 

, ( 

1 

1 
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CHAPTER 3. WATER POLLUTION IN '1INES 

/ /---=----~-' 
This chapter, based on the work of Scott and Bragg (1975), outlines the 

\ 
actual situation relevant to water pollution in the Canadian mining '-, 

1 

industry.: Sect.ion 3.1 presents the 9ri~ins of environmen'tal problems 

related to the use and discharge of 'contaminated waters fr~m the mine 

and mille Possible mechanisms ta control these problems are presented 

-
in Section 3.2. Section 3.3 outlines the facilities currently used for 

effluent treatment in mining. 

3.1 The Origins of Water Pollution Problems in Mining 

, \ 

'The sources of water pollution from base metai mining operations can be 

classified into two groups: 

i) Acid generated from the exposure of pyrite mineraIs to the atmo-

.. 

sphere. This acid affects the pH of reeei~ing streams and dissolves 

heavy metais present in the tailiJlglL_ These toxie substances are 
- ~~ 

then carried to the receiving watercourses.
o 

ii) Contaminants resuiting from processing the ore to separate eoneen-

trate and tailings products. Contaminants inc1ude milling reagents, 

thiosalts and suspended solids. They are toxie and alter the 

. \,.' \ 
env~ronment of aquatl.ç life. 

Acid Generation 

\ Acid waters are produced from the oxidation of meta.llie sulphide minerals, 
t ... 

particularly' those containing iron. In theory, tf1.is oxidation can occur 

, . 

·1 

o • 

1 
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either chemically or by biological rneans. , The relative importance of 
l , 

these two mechanislIls remain~ uncertain. In practice, the bacteriuID 
\ 

thiobaci11us ferrooxidans is always present in acid min~ waters and 

there is consideraqle evidence which suggests that the biological 

mechanism is significant, if not predominant~ 

Thiobacillus ferrOoxidans is a unique bicterium which obtains i ts 
\ 

enri-gy for growth f~orn the oxidation of reduced sulphur compounds and 
" 1 

ferrous iron. It\is the only'organism known that has the ability to 

oxidize sulphide minerals. In order to perfom the oxidation. the 

1?ac~erium requires water, oxygen, carbon dioxidc, anunonia, phosphorus 

and trace amounts of other nutri~nts,. The acid generation process is .. 
complex and the subj ect of disagreement. Considering, however) the 

net reactions, it can he illustrated as follows, for the case of pyrite.: 

" '" 

(3.1) 

Not aIl 1;he iron precipitates as hydroxide; sorne iron forrns a basic iron 

sulphate jarosite type material. This reaction \IDay he' represented by 

the foUowing equation: 

In practice, nei ther of these reactions apply completely. The actual 
\ 

amount of acid prod~ced is between" L 33 Imd 2, moles per mole of pyrite. 

\' . ... -..... ~_ .. "'-,.. ... ~.- ..,... ...... """"'--" ~ 
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The acid generation may' take place in the mine i tself, where natural 

seepag~ cornes into contact with the broRen suIplride ore, or lin the 

tai1ing5 area, both during the mining operation and after closure. 
\0 / 

After its formation, acid is available to leach metais from the mineraIs. 
1 

1 _ l, 

111e characteristics of a range of typical acid waters associated with 

mining is given in Table 7 (Scott and Bragg,' 1975a). In this untreated 

form, such wastes are extremely t~xic to fish and o~her forms of aqua t:-ic 
, , 

life and do not comply with many basic requirements for potable water. 

" Contaminants Arising from the Processing of Ores 

Milling reagents modify a property of a partichlàr mi~eTal or class of 

min!rals, thus p'ermitting the separation of that mineraI o~ class from 

the gangue. Most reagents are toxic. 'I11ey also vary in stability. Sorne 

of them are persistent and will escap'e from a tailings pond, while ot~ers , 

are unstable and will break down in the tailings area. : Generally, 

frothers (reagents) are undesirable in the effluent. Their presence 

can be reducedi,o~ e1iminated by: 

- Increasing the: retention tirne of the frother-containing waste. 

- Applying mechanicai aeration to the waste. 

- Selecting a frother wi th appropriate breakdown properties. 

It should be noted here that, in sorne cases, the recycling of frother-
l ' 

containing waters to the mill results in substantial savings in reagent , 

costs. In these cases, appropria te rneasures have to be taken in order 

t,o prevent a frother breakdown .. 

\ 
/ 
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Type of Mine 

Cu-Zn-Pb Cu-Zn 
(Miné-Surface Cu-Zn-Pb Uranium (Active 

Jontents Waters) (Mine \ll/~~ (Seepage) Mine) 
1 j 

pH , 
suspended solids 
total 1ess solids 

- . hardness ~- '; 
Ca 
Mg. 
Cu 
Zn 
pb 

, 
l, ,..--.-

Fe (total) 
Mn 
804 
COD 

-...1 

4.0 
8.8 

79 
293 

17 
118 
0.4 

79 
21 
36 

1 

r4.. 0 2. O. 3.0 
/ 690 nil 

24,000 
2,960 

416 
106 

11 3.6 0.0 
1,090 11.4 0.4 

058 0.7 . 0.11 
1,830 3,200 11.7 

0 5.6 0.4 
16,560 7,440 885 
.245 270 . 

" 

TABLE 7. Typical assays o~ aeid waters in Canada. 
(AlI concentration~ are in mg/1 except 
pH. pH is the negative logarithm of 
hydrogen or aeid ion concentration.) 

Base Metal 
(Abandoned 

Mine) 

2.6 

9,200 
1,390 

454 
178 
2.5 

34 
0.5 

1,300 
8.2 

4,050 
110 

, ,. 

~Uranium 

(Abandoned 
Mine) 

2.0 - 2.8 
25 

13,440 

2.2 
9 .. 4 

300 
3:6 

6,900 
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\ Thiosalts can originate from: 
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- Grinding operations. During grinding and flotation operations, a 

small amount: of sulphur from the mineraI dissolves in the wate:r. 't. 
, 

Through a saries of rèactions, polythion!ltes. (S306== , 5
4
°6= , 5

5
°6- , 

etc) are formed. Thèse compounds are subject tb oxidation 'with .time 

and generate sulphuric acid. 
r-',\ 

- Reducing sulphur compounds. These compounds (generally in the forut 
\ 

of aikaline sulphides, hydrosulphides, s~phites, etc) are used to 

enable seiective flotation of certain mineraIs and result in increa,sing 
~ 1 

polythionate concentrations. 

Suspendeq Solids 

~ 

In order to recover the valuab~e constituents, ore must be finely ground. 

The fine tailings are generally deposited into a tailings pond. In recent 
/\ 

,years, finer grinding requirements associated 'mth the treatment of more 

campI ex and lower-grade ores have resuIted in substantially finer tailings. 

Finer tailings ~re more difficult to settle, and there are special problE1ffiS 
\ 

associated with the settling properties of colloidal shed partie les . 

5uspended solids present in discharged~' effluents al ter the physical pro-
, 
1 

perties of receiving watercourses and can have a direèt effect ,on aquatic 

life. 

3.2 Possible Control.Medhanisms 

Fa~tors Influencing Acid Generation 

Theoretically~ whenever a sulphide mineraI i~ exposed to the atmo fhere, 

the pot~ntiai for acid generation exists. However, there are nume50us 1 

" interrelated factors whÏ'<:h influence the nature and extent of this rocess, 

\ If 



~ \ 

" 

\ Q , 

\ 

/ 

23. 

including the following: 

iJ \ 

Restricti9g the supply of chemical requirements ta the oxidati6n 

process will slow, down OT wen stop the reaction complete~y .. These 

requirements inciude oxygen, water, carbon dioxide and other micro-

nutrients. The 0 supply of oxygen can be restricted through revege-

tation, flooding and sealing the surface. The latter is a high 

i~ cost method. ~e supply of water to the \ oxidation process can be 

effectively restricted by providing a vegetative cover over the 

pyrites to be iSolated. Tailings dumps can be isolated in this 
~, 

way~ but contact of mine waters with the ore cannot be prevented. 
\ 

ii) Controlling the pH. The influence of pH on the \oxidation process 

is complex and imperfectIy understood. It is suggested that at 

high pH values the process slows down because of reduced bacteria 

activity and neutraliza,:tion of the ~ulphide materials. pH control 
\ 

using lime inhibi ts the acid generation process !Dore than any other 
\ 

methpd, as shown in Table 8 (CIM, 1978). lt is accompli shed through 

the' dissemination of lime or limestone in, the tailings or the mine 

waters. 

o 
, 1 

~tér Trea tment Practice 

lime treatment 
other trea tment 
no t r/ea tmen t 
not applicable 

\ , 

% 

23 
10 
SS 
12 

100 

TABLE 8. Water treatment practiçe in Canada. 
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Hi) Isolating the sulphide components is not generaIly,-, possible. In 

specifie cas~s. most reactive tailings could \ be buried under less 
QI' 'V 

reactive rond preferably léss permeable component5 to minimize 0 

. -
oxida tio;n. Fol" the same reasons, it is undesirable to const,ruet 

- " 

the embankment of th\e tailings dam from reaetive rnaterials. 
\.:, 

Other. techniques ûsed to influence oxidation include: '-
\ 

- reducing ferric iron, and 
, G 

... limiting the area of reactive surfaces. 

" 

Aci Neutralization and Heav Metal Removal ' 

, . \ . , , 
Any f ocess used ~o neutralize acids will also remove dissolved heavy 

metals thr'ough the formation of' insoluble mataI hydroxides. 

Heavy metal prec~pitati.on occurs as a resuit of the reaction 

M++ + 20H- M (OH) 
+ 2 (3.3) 

where M is the metal cation. Precipitation' is aqec'ted by pH. There 

i5 a pH level where the solubility of the' metai cation is minindz,ed. 

SolubiÙty increases as the pH is' shifted in either direction. It is 
Il 

very difficult' to derive 'values for the best resic1ual leveis of heavy 
\ ,,\ 

. . 
metai ions. However, the>' ranges of metal concentrat ions shown i!l Table 

9 (Scott and Bragg, 1975a), appear to be theoretically feasib~e if total 

precipita te removal from, the effluent ,can be achieved. 
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.-
'i 

1 

/ 

Residual Concentration 
(llg /9- per litre) pH 

1 

) 

Cu 1-8 9.5 
, 1 

~n 10-60 10 

Pb < l 8 

Fe (total) < l 81 

( 
.. " TABLE 9. Lowest metai concentrations theoretically achievable. 

f, 
l , 

If the theoreticai relationships apply, it is probaHle that better 

overaii results would be achie~ed by closely contro11ing the pH at 
\ ' , 

9.5 to 10. In this"way, gaod copper and zipc precipitations would be 

achieved with on1y slight1y le~s, efficient removal of iran and lead. 

Reàgen~~ used to control pH inc1ude limestone, lime, sodium carbonate 

and sodiu~ hydroxide. Lime is the most commonly used. Although lime , 

js more expensive than limestone, it is usually preferred bt:a~se:~f 
, , 

i ts ~igher puri ty . 

,\',' Thiosalt cand Reagent S'tab:iliza't;ion 

Bacterial action can conv~rt su1fur and its reduced cornpounds to sulfate. 

IIf Fe is totally oxidized to fetric. 
, ! 

\ 
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" The optimU18 conditions for bacterial 'Sxidation are a pH of 3.5;:-a'­

temperature of 3SoC and the presence of adequate nutrïent supply. 

26. 

It 

must be noted.that while thiosalts may be found in many mining wastes. 

their concentrations may not be sufficiently high to justify instal~ 

lati~n of specifit, treatment facilities to stabilize thern. In rnany 

c~ses the OXjdatio~ provided by normal retention times in a\tailings 

.pond is sufflcient without seriously affecting the pH of the system. 
1. 

1 Water quali ty problems are rarely attributed to process reagents. Mos'i 

of these compounds are subjeet to biological and/or chernieal degradation 1 

-') 

under the conditiQns usually existing in a tailings pond. 

\ 
Suspended Solid~ Removal 

1 

Special problems associated with settling and effective retention of 

colloïdal sized partieles rnay be encountered. Usually, however, several 

limi ting factors in an impoundment! des"ign such as topography and reagent 

stabilization, result in substantial safety ma~gins for the settling of 

su~pended solids. If neeessary, settling characteristics ean be improved 

<through pH' adju~tment or addition of f10cculating agents. 

3.3 'Currently Used Effluent Control Facilities 

Basically, three kinds of waste water flows may be encountered in mining 

operation~,: aeid mine waters, mil1 process effluept, and contaminated 
1 • 

1 

surface waters including tailings pond seepage. By far, iPe most co~on 

~ethod of treating these wastes is to dis~harge them into a tailings 

pond. In "the pond, suspended solids are se~t1ed out, heavy meta! ions 

/ 
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~n the water are precipitated and settled out, and the solids retained 

in perpetuity. Since a basic assumption in this study is that each , , 

mine is'developed with its own milling faéility, the tailings pond is 

,the central element in effluent control. Other facilities complementing 
, . 

the tailings pond when needed are holding ponds, surface contaminated 

water control channels, surface uncontaminated water diversion channels 
, J , -

and mechanical treatment oraeid waters. 

The Tailings Pond 

, , 
~riginally, the only purpose of a tailings pond was to provide an 

! 

appropria~e space where mill tailings could be~ermanently stored. 

While this remains a main requirement of a tailings pond, other ~on-
o 

siderations have accompanied the growing concern about damage to the 

environment from mine and mil1 efffuents. Nowadays, a, typical pond 

may be required to perforIrJ. sHme or aIl of th~ fol,lowing funetions: 

removal' of'tailings soIids by sedimen~ation; 

'- acid neutralization; 

- formation of heavy metaI precipitates (hydroxides), and sedimentation 

of these precipitates; 

- perpetuaI retention of settied tailings and\pt~cipitates; 

- ~tabilization of1oxidable coristituents, e.gJ thio~a1ts and flotation 
1 

reagent residuals; 
" 

~cing action for fluctuations in influent quality and quantity;' and 

storm water storage and flow balancing. 

, 1 1 '1 
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j' (1 
,Tailings dams may be constructed by the upstream or the downstream ~ 

-1 

methods~ as illustrated in Figure 1. In most ~;: the tailings pond is 

a natural concavity closed by a' dam on the downstr'eam side. The tailings 1 

dam may be,constructed of coars~ tailings or of excavated or waste ro~k 

and other_inert materials (overburden is used when available). When 

tailings are used as construction material, acid is gene!ated in'the 

dam itself, resulting in increased seepage through the dam and deteri-

oration of the d~m with time. 

SLi'MES'. . ....... 
" "" : ... " . , , . - .. 

. ... , 

,-

DAM DAM 

DAM 

UPSTREAM METIiOD DOWNSTREAM METHOD 

Figure '1. Dam construction methods. 

The upstream method has been extensively used in the past and is still 

acceptable for lmi dams. In most cases, however, the moxe xigorous , 

structural characteristics required today can only be met b:rusing the 

downstream construction method. 
( - 1 

\ 
highly engineered structure. ' 

1 

The tai~ings ~am has become,an expensive, 

1 

1 

! 
1 
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In the tailings pond, the effluent is subject to treatmen~~ The most 

commonly used is pH control, ~chieved through addition of lime. pH 

control slows down acid generation and allows ma~imum precipitation 

of hyd~xides. Mor~over, ~tiring the time period ~ffluent is retained 

in the pond, reagents are oxidized or stabilized. To allow maximum 

retention, the effluent is admitted in the pond at the most distant 
1 

point from the dam. 

\ \ 
The tai'lings pond is a large, 1 simple system, performing many operations 

• 
and l~cking responsive means of coptrol. However, a well-monitored 

tailings pond has usually the capacity to provide an effluent of high 

quality CA. Bell, 1974).2 

Hold.i,ng Ponds 

Hol,ding ponds are treatment facilities similar to tailings ponds. Thé 

basic wastewater treatm7nt operations may be performed in holding ponds: 

additi01 of lime ta neutralize acids and precipitate hydroxides, bio­

oxidation and reagent stabilization •. Holding ponds are used for treat'-
\ '-', 

" 1 
ment of effluents free of! tailings, a4d thus, are not required to provide 

any tailings retention. 

211A recent study of min~ waste management in New Brunswick (EPS, 1973) 
determined that mines i~ that region which treated 'their effluent using 
well-controlled tailings ponds systems were'àble to consistently achieve 
effluent metai levels equal to or better than the following: 

. \ 

copper 
zinc 
lead 
Total Iron: 

30 llg/R. 
150 llg/R. 
100 llg/R. 

1 mg!"." 

, 
1 
f 

\ i 
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Holding ponds can be used to separately treat acid'mine and surface 

waters eont~ining high concentrations of leached heavy metals. The 

30. 

tailings pond seepage is sornetirnes also treated together with mine and 

surface waters in the holding pond. Another disposition of a holding 

pond may be downstream of the, tailings pond in which aIl effluents are 
\.-

treated. In such a case, t~holding pond provides additional retention 
1 

" . time, thrts improving effluen~ quallty. 

Drainage System for Control of Surface Waters 

Surface waters may become contaminated when flowing throu~h tailings 

dumps or areas where min'eral or \iaste rock is expose'7/These acid t 
/ 

waters should be treated together with the other~fluents. Collectin 

ditches lead these waters to the treatment facJlity. 1 

Uncontaminated surface waters may) because of topographie' contour, flow 

into the tailings pond, thereby increasing the volume of water to be 

treated. To prevent this, uncontaminated run-off may be diverted,into 

the neighbouring rece,iving strearns before it enters the effluents circuit. 

-------------
/ 

/ , 

MeChanY~ Treatment of Acid Waters 

Mecnanical treatrnent of acid rnetal-biaring mine waters rs a technique 

that has been recently1introduced in Canada. It provides a practical 

°means of reducing heavy metai conce~trations to the low levels now 

required by Canadian jurisdictions and overcoming the problem of sludge 

7ccu~~a:tion. It is, howeve~, important 'to mainiain a proper p,erspective, 

partieùlarly with respect to the use of tailings ponds when they are 
, 
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available. It has been demonstrated in many instances that ~ailings 

ponds in which the pH is weIl con~folled and in which good sedimenta­

tion conditions are maintained~ will provide an effluent of'an,acceptable 

qua lit y (Bell" Phinney and Behie, 1975),' 

In the framework of this study, the mechanical treatment system should 

be regarded as a method,of handling acid metal-bearing min~ drainag~ 
1 

in special cases where segregated treatment is p~eferred. 

----------... 
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CHAPTER 4. MODELLING THE WATER POLLUTION CONTROL SYSTEM 

Effluent quality is directIy affected by the degree of wastewater 

treatment. ~e higher the Icontrol ievel desired, the ~ore complete 

the treatment that must ~e applied to the effluent. In order to model 

water1pollution control systems, typical water circuit flowsheets are 
1 

il> 
constructed. These flowsheets show vaTious levels of wastewater treat-

ment assumed, t~ produce an effluent quality complying with the control 

levels described in Chapter 1. ~ Incr,emental flowsheets are designed, 

as weIl, for the increments defined in Chapter 1. The technology cur­

rently available to deai with mining water pollution pToblems, as 

presented in Chapter 3, is considered. This technology utili.es the 

tailings pond'as the central element of the wastewater treatment system. 

!WO different sets of flowsheets are presented. The first set, pre­

sented in Section 4.1, includes flowsheéts for new mines'designed to 
\ 

~perate at each of the three contTol levels. The second set, presented 

in Section 4.2, shows the i~provement necessary in existing flowsheets, 

in order for an operat~ng mine'to comply with a higher level of control. 

In Section 4.3, capital and operating costs associated with each flow-

sheet are assessed based on current costi~g procedures. 

i 
Given the number of deposits and the complexity of their individual 

characteristics 1 it is not easy to correlate specifie ,operations with 
1 ~ 

the,exp~cted effluent quality result. 1t is believed, however. that 

the fiowsheets presented would, in most cases, res~lt ip an effluent 

quality complying with the specifications of each cont:rol leveI. . 

1 • 

" . 
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1 

4.1 Water Treàtment Systems for New Mines 

Level l 

/ 
The characteristics of this- level of treatment aré: 

Tailings are stored in a tailings pond. 

Pond effluent and mine waters are freely discharged into the 

receiving watercourses. 

Oo1y fresh water is used as mil1 process water, i.e. no water is 

recycled. 

Figure 2 shows the water treatment circuit assuming compliance with 

control Level 1. The fo1lowing operations are performed! 

- Tailings slurries are pumped to the tailings _pond. 
\ 

- Mine water is pumped out of the mine. 

AlI necessary mill process water is provided from a fresh water 

source. 

The sole use oflthe tailings pbnd is tailings retention. AlI tailings 

pond overf10w and dam seepage are f'reely discharged. The tailings dam 

is constructed of coarse tai1ings with no yoncern about aeid seepage r 

The upstream construction method is assumed to be used for small dams 

and the downstream methQd is assumed for large dams. Mine water is dis-

charged as soon as it is pumped out of the mine. ~urface waters are . 
~ ~ 

not co11ected. At Level l only the operating requirements of the mine-
1. 

mill Icomplex are considered and environmental aspects are neglected. 

/. 

Leval 2 

Level 2 assumes compliance with eurrent federal regulations'(shown in 

Table 1 and described in Appendix 1). The effluent quality specified 

by-federal regulations i~ achieved when: 
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-, \ 

Thetailings pond, besides retaining the tailings. is used as a 

treatment facility. Mill effluent as weIl as mine and surface . 
waters are'~reated in the tailings pond. 

- The tailings pond overflow is recyeled to the mill at the average 

rate observed in the-Canadian mining industry. Average recye~ng rate 

varies with the type of deposit. 1 

-\ Fresh water is added to recycled water to satisfy the mill~roeess 
, water requirements. 

The flowsheet for treatment Level 2 is shown in Figure 3. 

The following opera~i0!1s yield an effluent quality complying with 

control Level 2: 

Tailings slurries are pumped' to the tailings pond. 

- Mine waters a~e pumped out of the mine. 

- Surface aeid waters are collected. 
't,Zt 

Ail effluents are treated with lime in the tailings pond, in order 
-

to control pH, precipitate heavy metals and neutralize reagents and, 

thiosalts. 

Reclaimed water is recycled to the mill. 

- Nec~ssary fresh water is pumped in to eompTement the needs of mill ~ 

process water requirement. 
1 

The tailings dam is eonstructed of waste or excavated rock and over­

bù~en in ordér to prevent any acid formation through the dam and \ 

lRecycling rate for type 1 deposits: 30-40% of mill process water 
requirements. Recycling rate of typ~ 2 apd 3 deposits: 78% of mi1;L 
process water require~ents. For further details, s~è ~ection 4.3. 

, " 

,1 

Î 
1 

,~ 

J 

1 
1 
1 
i 

l 
1 
1 

1 

1 
t 

! 
1 
! 
\ 



1 

, 1 

1 

-" 

1 

1 

-;.. 'SEm: 

J'"\ 

/ 

/' 
- ..... 

'" 

FRESH 
RECYCLEe WATER 

WA R 

l 

SEEPAGE 

,..-.. 
\ 

\ 

"'" 

DISCHARGED 

Figure 3, Flowsheet for level 2 of wastewater treatment 

_,.,. .... , •. __ ..... t~.:~~_ ,~ •• v ;~_ .. ~~t'I~~~ .. ~ ... ~}.:~-.:."1/..,-:"-'~~~~~ 

1. MILL 

-2. MINE 

"3, TAILINGS POND 

4,'SURFACE ~CID WATER 

- DRAINAGE SYSTEM 

/, 

/" 

... 

" 

tI<I 
-CI 

! 
1. 
J 

l 
" J 
f~ 
";:i 
fi 
~ 
.! 

~ .. 
t 
1 
11 

Ci 
l 
Y, 

- 1 
~ 

i 
~ 

t 
~ l . 
1 

f 
1 
~ 

1 
- -----. t.~ ___ .. 'X#,n#' b?rn $" Ide Sdib'\&*ne' .... t. ,3_~t,. ___ ~....a::. 

" 



. ; 

CI 

( 

/ 

( 

( 

• 
Il 

37. 

reduce the volume of seepage. The tailings pond provides sufficient .,' 

water reten~ion time to allow for completion of wastewater treatments. 

" 
Level 3 f 

1 Control "Level 3 represents the complete eli~ination of dis charge obtained 

by recycling aU the recl,aimed water. In general, this practice is 
1 

technically achievable, except when milling type l sulphide ores con-

taining Cu, Zn, Pb, or,~n. Pb. In this case techni~al problems are 

associated with the reuse of recycled water in the flotation cells 
, \ 

(Scott and Bragg, 1975b). The recycling rate at Level 3 is consldéred 

, to :be the highest achievable rate given present technology. 2 
\ 

Type l Deposits 

In the case of a type 1 deposit, compliance with' control Lpvel 3 is 

achieved when: 

Mill effluent is treated in the tailings pond. 

Pond overflow is retained in an aging pond downstream of the tailings 

pond, for a complete control 'of reagents. 

- Acid metal-beari~g mine waters together with acid surface waters 

and tailings pond seepage, are treated in a ~echanized treatment 

system. 

- Uncontaminated surface waters are diverted into receiving streams 

before entering the aeid waters system. 

2For type 1 deposits, this rate i5 75% of ID}ll process water. For 
further details, see Section 4.3. 
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- Reclaimed water is recycled to the mill at t~e highest achievable 

rate. 
0, 

- Fresh water complements recycled water ta cover totar mill process. , 
water requirements. 

\ 

The water treatment circuit for this case is shown in Figure 4. 
. 

necessary operations are: 

i Tailings slurries are pumped to the pond. 

- Mine waters are pumped .out of the mine. 
\ 

Mill effluent is ~reated with·lime in the tailings pond. 

Pond overflow is treated with, lime in an aging pond. 

- Surface acid waters are collected. 

.. 

Mine water~, surface acid W'aters 'and tailings pond seepage a,re 

treated in a mechanical treatmènt system. 

Reclaimed water is recycled to the mill. 

The 

- Fre$p water is pumped 1n to complement for total mill pro cess wat~r 

requfrements. 

',- Uncontaminated surface waters are collected and diverted before 
'-\~ \ 

entering the wa~tewater circuit. , 

The tailings dam is constructed using the technique described for Level 2 • 

t;is system does not eliminate discharge;~it 

Aepar~te treatment of ~ill effluent and acid 

• Q 

)\: -
i$~ssumed. however, that 
, :1 :~.;.p 

" • f' waters, accompanied with 
, \ \ 

a close control of treatment conditions, c~~y~eld a discharged effluent 

of very high quality. , 

. \ 
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Deposits of Type 2 or 3 
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Il 
When the or~ milled originates from type 2 or 3 deposits, reclaimed 

water can be fully recycled to the mill. The treatment syst~m is 1 

simpler than the one for type 1 depo,sit ores and is presented in 

40., . 

Figure '5. In dealing with a type 2 or 3 deposit, control Level 3 is 

achieved when: 

- Mill' effluent is treated in the tailings pond. Pond overflow is 

recycled to the mill and tailipgs dam seepage is·recycled to ~he 

pond. 

_oAcid mineoand surface waters are treated in a holding pond. 

Uncontaminated surface waters are d~verted. 

The required operations for the system shown in Figure 5 are: 

- Tailings slurries are pumped in th'e tailings pond. 

- Acid mine waters are pumped out of the mine. 

- Mil~ effluent is treated with,lime in the tailings pond. 

- Acid mine and sur:tace waters are treated with lime in the holding 

rond~ 

- Tailings and holding pond overflow is recycled ta the mill. 

- Any necessary addi'tianal fresh water is pumped to the mill. 

Uncontaminated surface waters are collected and diverted. 

4.2 Upgrading Effluent Control at Operating Mines. 

Improving ta L'evel 2 the effluent control of a mine designed 
1 

r 

to opera te at Level 1 : Increment A 

.. 
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This increment involves the following operati'ons: 

The existing tailings dam is up~raded in order to improve imperme-: l , 

ability, seepage control and stability. 

- Mill effluent is treated with lime in the tailings pond. 

- Surface acid waters are collected. 

A holding pond is adder te;> \J'le system. Acid mine and surface waters 

\ 
are separately treated with lime in'this holding pond., This new 

facility is required b~~ause the tailings pond. originally designed 

as a tailings storage area, is unable to prov~de suffi~ient control 

of treatment conditions for aIl effluents. 
" 

1 

Reclaimed water is recycled to the mill as in Level 2. 

Figure 6 shows the flowsheet for control Level 2 posterior to upgrading 

the wastewater treatment system. Incrementa! operations are shown by ',-

dotted Hnes. 

Im uent Control of a Mine 

, Desi gned to Opera te a t Leve 2:, Increment B 

Two different wastewater treatment flowsheets halve been constructed 

fOI; Level 3, depending on the type of ore processed. two dif,-

ferent increment B 

l ' 

Deposi ts of Type 1 

To derive the flowsheet shown in Figure 5, the f~l1owing changes are 

introduced to the flowsheet in Figure 4: 
1 

- An aging pond is added to the syste~ downstream of, the tailings pond. 

, " 

! 1 
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Figure 6. Flowsheet for increment A of wastewater treatment 
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~,. 

\ 

A rnechanical acid water treatment facility is added ta the system. 

~~' Acid mine and surface ~aters are treated in this facility. 

The recycling rate is (increased ta the rate of Level 3. 

Uncontaminated surface waters are collected and diverted. 

Increment B is shown by the dotted lilles in Figure 7. 

Deposit5 of Type 2 or 3 

The Lèvel 3 flowsheet for these deposit types is' shawn in Figure 

'The incremental operations are shawn by dotted Hnes in Figure 8. 

The increment involves: 

s. 

The addition of a holding pond in the system __ Acid mine and surface 

1 

waters are treated with lime in this holding pond. 
. ,\ 

The separate' 

tre~tment of acid wat~rs provides better treatrnent 
~ \ \ 

control in both 

the tailings and holding ponds. 

- Uncontaminated surfac~! waters are collecte ànd diverted. 

Reclaimed water i5 recycled to the mill at the Level 3 rate. 

Improving ta Level 3 the effluent contr 1 of a mine designed 

to opera te la t Level 1 Increment C 

The effluent control of the mine has been upgrade from Level l to 

Level 2 by' the addition! of increment A. Increment C improves that 

effluent control to Level 3. With 'respect to depos' t type. two dif-

ferent flowsheets are considered_for increment C. 

.-
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Deposi ts of Type 1 
\ 

The initial treatment system is the one shown in Figure 6. The incre~ 

-/ ment requir~d is shown by dotte~ lines in Figure 9. The hold~ng pond 

of Figure 6 is used· as aging \pond for complete control' of the tailings 

pond ~verflow. Increment C :î.nvolves the following operation~: 

A mechanical treatment facility is added in the system. Acid mine 

and surf,ace waters are treated in this facility. 
, 

- Uncontaminated 'surface watèrs are collected ar/d diverted. 

Reclaimed water is recy~led at the Level 3 rate. 

Deposi ts of Type 2 or 3 

~/ 
Wi th respect ta the Level 2 flowsheet shown in Figure 7, the required 

1 

rncrelllent involves two addition~l operations; 

- Un~ontaminated surface water-s-are collected-and divel'ted. 

- 1 Reclaimed water is fully recycled to the mill. 

The tailings and hCi,}lding po~às used for wastewater treatment at Leve! 2 

are sufficient to ensure effluent quali ty ~ontr91. 
\ 

'\by dotted lines in Figure 10. . , , 

4.3 The, Cast Estimating Procedure 

The Hit:hodology. 

, 

Increment .c is shown 
1 

There are two alternative\ways to estimate--pGl~ution cpntrol tosts: 

1) AlI operati~ns relevant ~o pollution control are costed and a per~ 

centage of the costs is allocated to pollution control. Thus, the 

Î 
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50. 

. \ 

1 1 

\ 
cost of the tailings dam would 'be arbi trarily divided into two 

\ 
parts: the first considered to be a component of -the m~ne's pro-

duction costs and the second considered a requirem;nt for complian'ce 

with the specifie control level. ·The total cast .of pollution control 
" . \ 

would then be the sum of a11 cost components allocated ta pollution 

cont'rol .. 
. . 

2) AU operations affected br changes in the level of wastewater treat-
, 
,ment are costed. Total capital or operating costs at any speç~fic 

level would then be: 

where: 

= Ne + c 
R, 

total capital or operating costs at Level 1. 
• \ 1 

(4.I) 

=- capital or operating costs of, aIl operations not affected 

by changing treatment ,levels. Hereafter, these costs will 
\ 

\ 

be called unrelated costs. 

C' ..., capital or operating costs of aIl operations affected by 
R. \ 

\ 
changing treatment levels. Hereafter» these costs will be 

called related costs. 

R. .,.. pollution control leyeI. 

\ 

The first method shows the cost of pollution control for the specifie 
1 

control level. This cost, however ~ is based ort the 1trbi trarily chosen 
1 ' 

percen~age rate used 
,_" 1 

to allocate a part of every relevant cast to pol-
, 

. lution control. Moreover f this method does not allow a direct c<?mparison 

of the costs st different control levels. ~ second method results in 

a value showing the related costs at the speCifie control level.' This 

.value cannot be called pollution .control costs, since it comprises 
,1 
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operat<ing requirem~nts as weIl. This value~ however, can be used ta 

evaluate economic clfaracteristics of ind~vidtl8.1 deposits and of the 
\ 

endowment at different control' leve'ls. These' evaluation~ are possible 
- 1 

sinee total capital and operating costs for each control levE!l can be 

computed by applying formula (4.1). Because of. this ability, the 

second method has 'been selected for the purpo~es of this study. 

The costing procedure used is built around five basic assumptions: 

1) ,The producing unit at every: deposit is a mine-mill comple~, in which 

a11 mined ore is processed by the, milling facili ty. This assumption 

is representative of isolated mines. It is less representative of 

the case where many smaH mines operate in the same dis'trict and 
\ " . 

large miUs custom process their\ outputs. Even in these cases, how~ 

ever, th& situation from a total cost point of view is n~t seriously 

affected. Higher costs resu}ting from m~re stringent contraIs ~ill 

be pass,ed to the mine operators through higher processing fees, 

ultimately affecting their economic characteristics. 

2) The tailings pond is the basic water treatment system. Apart from 

very few cases where tailings "are deposi ted in lakes and one cas'e 

of deep sea disposaI ~ the tailings pond ir; standard practice through-
l' \ ' \\ 

out the Canadian mining inaustry and the s'tudied database. Tailings 

ponds handle both tailings disposaI and e~fluent treatment'. They 

have enough 'flexibility to perform sever~ trea~meJit p~ocesses 
resuIting in an acceptable effluent qua lit y in most situations. 

1 

3) AIl t~i1ings are stored in the tailings area. They are not used 

as backfill nor are they recycled in any other 'iay. 
o. 
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4) The basic relation~hip governing the water volum 5 in the circuit is: 
\ 

, 

" 

(4.2) 

where: 

F 0:=0 fr~h input process water. 

P 06 
~, precip'i ta tion wi thin th e dam contre lled ar~a. 

M mine waters.\ 

E evaporation from tailings pond and other ponds. 

T water ret~iined in tailings. 
1 

D, .... discarded effruent. 

The left side of equation (4.2) represents the inputs of water,\in 

the system and the right side represents the outputs. ,Discharge 

is eliminated (0 - 0) a when: 
J 

P+P+M ... E+T (4.3) 
\ , 

If, however, P + M > E + T, disch~rge can!}ot be eliIllinated and 
\ 

D .... P + M - CE \" T). For the purposes of this study, it is assumed. 

t'bat at Level 3, the equation (4.3) is s.atisfi"ed by keeping to the 

necessary minimum othe area ,,:h~Ch~~. runoff to the 

-----water balance. ------~ 
~ 

5) It is p~lé to recycle reclaimed water before complete elimination 
, 

of frothers'. In such a case. sorne frother concentration 1s recycled. 

,:' \. Operating cost savings may resul t fro~ the reduced need of nell frother 

intr.oduction in the process wa ter. This potential reduction -in 

operating costs is' not considered in this study. 

Within the mine-m~ll complex, contraI level changes are expect'ed to affect 

\ -
a11 'operat~ons connected with water supply, water usage and tailings 

, . 

o ' 

1 
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disposaI. Consequently, aIl of them shou1d 

however. remain'unaffected by control level 

- ~ing mine waters to 

b~ 'c~sted. TcWO operations) 

c "anges .. These are: 
v \, 

1 . 

- Pumping or otfierwiseOt~ nsporting tailings ~lu~ies'to the 'tailings 

, '~ond. ,) 

AlI the other operations efined in Sections 4.1 and 4.2 are considered 
~ 

and "tneir caEital and operating os/ts are e timated. These operations 

include: 

- construction of tailings ~onds . 

constfucti,on of holdin~ pon~s. 

Supply of fresn water to the mill . 
. 

,- Supply of recycied water ta the mill. 

- '1 Collection of acid surface waters. 

Collection and diversion of uncontaminated surface waters. 

- Treatment of effluents with lime/in the tailings or holding pond. 

Treatment of acid waterS in the mechanical treatment system. 

The Computer Model 
, . 

The co~puter modeIIing process is ~arried out in tHree steps. 
/ 

1 ,;. 

h " f' hl. d In l't e 1rst step! program MINPO~ computes .t e capl.tal an operating 

i 

poI~ution contrql related costs for each of the three levels and inc~e­
." 

men~s described in Section 1.3. Thasé costs are computed ~or each,pf 
• "..:JI 

,) the 131 Canadian base meta1 'deposits of\the database. 

ln ti.e 'second st,op. ~n' intermediat. program 'î omputes the total. ,caPit: 

,,,,c' f-~ and operating,costs at each levei or °n:rement, as follows. 

i / .. 

. 

" 1 
i 
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1 

The database includes estimates of total capital and operating costs 

for each deposit. ~ In estimating these costs, compliance with the 

current federal regttlations is assumed. The ubrelated costs for each 

deposit are calculated by applying equation (4.U; thus, 

where: 

TC2 is the cost specified in the database and C
2 

is, the pollution 

cQntrol related cost computed by program MINPOL for level 2. Total 

costs for Levels'l and 3 are also derived applying equation (4.1): 

TC I = NC + Cl and 

TC
3 

NC + Cs 

,The output of this program is three datasets containing the information 
1 

necessary for the economie evaluation of aIl 131 de~Sitf at eac\po1-

)uHon control level. ) 

In the third step. the datafiles are processed by program MINDEC3, in 
, 

order to assess the economic characteristics of 'the endowment under 

each control level and permit comparisons Qf results between different 

leveis. 

Proqram MINPOL : Estimat~on' of Pollution Control Related 

Cost§ for Each Control Level and Increment 
i 

OrganÜation. of the Model 

3For further details. see "pffects of Taxation on Base Metal Mining in 
Canada". B. W • Mackenzie , M. BiIodeau" Centre for Resoqrce Studies" 1979. 
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For each deposit, the model first determines the technical characte-

rlstics of the operations involved withqeach level. Sqbsequently, it 
, ' 1 

costs each operation baséd on the technical characteristics relevant 

to the specifie deposit. The costing procedure used is the one presen-
1 1 

ted by Seott and Bragg (l97Sa) .'.The eurves used are shawn in Appendix 4. 

Technical characteristics mostly depend,on the particularities of the 

s1?.ecific operation ~s well as on i ts envl.ronment.' It 1s" somètl.mes impos-
1 

sible to obtain aIl the necessary ~ata relevant ta each operation.! Extra-

polations or average indust~ Values are used in these instances. Total ~ 

capital costs are computed by adding aIl capital experises as weIl as a 

15% contingency. A 5%'contingency is added to total operating costs. The 

inflation multipliers shown in Appendix 5 are used to convert current to 
* , P b 

~onstant dollar values. The flow~chart of program MINPOL is given in Ap- • 

pendix 6. 

Input Data 

The following data are suPplied ror e~ch deposit: 

- location: 'fIat or mountaineous relief ' 

~ type of deposit 

mean annual precipitation in the deposit!s region 

number of ore reserve categories 4 

recoverable tonnage for each ore reserve category 

annual miU capaci ty 
\ 

mine type: open pit or underground \ 

4~y change in a major factor durlng.the mine life delineates,a dif~~­
reJtt ore reserve cat~gory. Such: factors are grade. mine ~ype and mill " 
capacity. 
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Simulation of Technical Characteristics and Costs 
of Wastewater Trea~ment Related Operations 

i. Tailings Dam Dimensions and Costs 

56. 

1 
The tai1ings pond is assumed to have th~ shape ABCDA-shown in Figure 

Il. BC is the length of the tailings 

dam when completed and DE is its 

height. (AE and BC are 'horizontal). 
f 

Moreover, the relationship between 

AE and BC is assumed to depend on 

whether ~he mine is located in a 

fIat or in a,mountainous region. 

A ~:::=----- C 

Fi~re 11. 

o 

Assumed shape 
of the tailings 
pond. 

In the first case, AE = 2 x BC, showing a short and wide tailings pond. 

In the second case, AE - 4 x BC, showing a long and narrow pond. 

The tai1ings pond is expected to permanent1y hold aIl tailings,resulting 

5 from exploitation of total reserves. The dam height is assumed ta be 

a functiorr of location and, total recoveTable reserves, ranging from 

30 ft6 ta 110 ft forl a flat relief and from 50 ft to 250 ft for a 

mountainous relief. For every deposit, the model determines the tailings 

dam dimensions. The dam construction technique may change dependi~g on 
, 

control level. Dam dimensions, however. determined on the basls,of 

tailings volume, remain constant,' In the case of Level 1, the cons truc-

tion method may be upstream or downstream, depending on dam height. For 

SThe' tailings de~sity used i5 20 cu ft/ton (0.624 m3/metric ton). 

61 ft = 0.30,48 J!I. 

1 
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Level'Z and 3, however, because pf structural req~iremerits onl the 

downstream method is considered,. Starter dam height is .assumed ta be " 

a function of location ~nd main dam height. It can vary 

25 ft when the mine is located in'a fIat relief and from 15 ft t 

ft ~f ~he mine is located in a mountainous relief. Cyclones are 

ta c1as~ify the tailings used for dam construction at. Level 1. 

, ,7 
sizes 9f 300 tons, 1,000 tons and 5,000 tons 'per day are 

Cyclone size selection depends on mill daily capacity, as s~own in 

the chart below. 

Mill Daily Capa city in Tons 

Cyclone Sil.e 
From To in Tons/Day 

° 2,000 300 

2,000 19,.000 1,000 

10,000 up 5,000 

The'costs of wastewater treatment operations are estimated using 

the curves in Appendix 4. FigUre ~~ shows the cost per foot run of 1 

1 

, a dam constructed of tailings.. This' method is used for Level 1. 
, -..,',- \ 

Figure 23 shows the cost per foot rua 

--
71 ton = 0.907 metric tonne. 

, , 

1 • 

1 
J 

1 

1 
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" of a zoned da~~onstructed as ta c~mply with control LeveIs 2 an 3. 

Cyclone capital costs are derived from the graph in Figure 24 and 
, ' 

starter dam costs-from the graI>h in Figure 25~ For the purposes 0 

dam costing, an adjustment is made with respect to dam'dimensions. 

This adjustment compensates for' the assumed triangular elevation of 

the dam (maximum height occurs onlyat the center). The same procedure 

is used to estimate holding pond dimensions and costs. Holding ponds 

are design'ed on a 5-day effhlent retention basis," 
1 

, 
ii. Process Water Volume Estimation 

Accurate estimation of the ~ater volumes in every mining operatio~ 

~ ,requires an assessment of the variables of equation (4.2)., Because of 
- , 

the la~k of detailed data for each operation, a simplified approach 

has been taken. Fo~ aIl deposits-of the same ~ype. the fol1owing 

average values have been used for total Mill water requirements and 

,recyqling rates (Scott and Bragg, 1975b). 

Type 1 Deposi ts ' 

average water usage: 

current averàge recy~ling rate: 

13 
403 gpm/IOOO tpd, 

30-40% 

target recycling rate: 75% 

,81 gpm/lOOO tons pel' clay (1 gallon perminute pel' 1000 tons»"of daily 
, capacity) = 7.21 t/metric tonne· per day. 
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Type 2 and 3 Deposits 

average water usage: 668 gpm/IOOO tpd 

current average recycling rate: 78% 

targ~t, recycling rate: :1:00% 

Mill water requirements and recycling rates relevant to each deposit 

are defined on the basis of deposit type. At Level l, it i5 a5sumed 
1 

that aIl required water is pumped in from"a fresh water source. At 
~ 

Level 2, the recycling rate is assumed to be !he current average. At 

Level 3, the recycling rate is considered to be the industry's target 

rate. ,Additional mill water requirements are covered by fresh water. 

IncrementaI recycling rates are the diffe~ence between initial tecyéling . 
/ 

rates and final recycling rates. 

iii. Pump~ng and Piping-

Two important design factors missing from the data b~se'are the lengtb 

of tailings lin~ and fresh water supply line. The length of tailings 

line is àssumed to be equal to the length of'recycling line. Average 

industry va~ues (Canadian Mining Journal, 1978) have b7en used fo~ 

these factors. These values are 6,300 ft for the recycling line and 

8,000 ft for the fresh water supply line. A head of 150 ft has been 

assumed for the, calculation of pump and ,motor requirements~ Figure,26 

shows how the approximate break horsepower and pump costs are determined. 
, 1 

1Jhe' "motor costs are ~eteI-mined from Figure 27. " Installed costs are 

obtained"by multiplying'total purchase costs by 1.43. The costs of 
- ~ 
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transmission Iines and pumphouses are ~ded to installed costs. Pipes \ 

are assumed ta be made of stainless steel and insta11ed on grade. Pipe 

diameter and cost are determined from the nomograph in Figure 28 and 

are a function of slape and' water flow. Extra costs for grade prepara-~ -
• 

tian and pipe installation are added to materials costs. An overall 

adju~tment is mad~ to compensate for unaccounted seepage recycling 
1 

1 

installations, inter-pond connections, etc. Opera,ting costs for pumping 

and piping include power, labour and maintenance.-

iv. Contaminated and Uncontaminated Runoff Control 

The area that contributes acid waters ta the system is assumed to be 
1 

0.04 'acres per ton90f daily capacity for underground 
, \' 

mines10 (Scott 
, 

and Bragg, 1975b). For open pit mines" this value is assumed ta be 0.05 
l, 

• 1 

acres per ton of daily capacity. !hase assumptions are made'"'for Levels 

2 and 3. The contributing area is ass~ed tç be 0.08 and 0.1 acres per 

ton of daily capacity for increments Band C. These latter values are 

greater because existing faciliti~s do not allow an arrangement to 

minimi~e the contributing area. 

to be 25% of annual rainfall. 

The 24-hour d~sign storm is assumed 

Figure 29 
11 

gives the flow in cu ft/sec, 

and the excavation cast per foot run (earth excavation). Total length of' 

collecting ditches is aiso related to the contributing area 

(4 x 1 contributing area). ,Annual operating costs are considered to 
1\ 

" 9- ~ - 2 1 acre/ton 4~472.5 m /metric tonne (t). 
" 

fOPor new underground mines located in Northeastern New Brunswick
l 

it is 
recommended that the area contributing contaminated surface waters be 
limited, where feasible, ta 0.04 acres/ton of daily mill capacity. 

- 11} cu ft/sec = 28.32 R./sec. 

l , 
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be 6% of c~pital costs. 

v. Lime'Treatment Il 
~ ------------

Lime treatment costs are a function of re~idual effluent acidîty which 
, \ 

varies with the deposit. type. Residua~ acidity i5 assumed to be 3~OOO 

mg/! of CaC03 for type l deposits, 500 mg/t' for type 2 deposits and 

50 mg/t for tyPe 3 deposits. Cost calculations are based on Figure 
\ 

30 and on the estimated fotal water volume. A capital expense of 
1 

$30,000 is as~ociated with handling facilities at each point of lime 

introduction. 

vi. Mechanical Treatment of Acid Waters 

-
Residual acidity is again assumed 'to be 3,000 mg/te Capital and 

l ' 

operating costs for mechanical treatment are derived from Figure 31. 
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CHAPTER 5. ANALYSIS OF RESULTS 

f 
The' estimat7d ~osts related \to polll!.tion contro) a~e~-P-l"-es.ented-in-

Section 5.1. ' The distributions of costs are analyzed with respect to 

miné size and deposit type and they are broken down into their'major 

components. Finally, the relationship of these costs to total' capi ta'l 

and operating costs i5 examined. 

Section 5.2 analyzes the effects of the estimated pollution control , \ 

costs on ,the potential value to society. This potential value reflects 

the fundamental value of the Canadian base metal endowment. It includes 
\ 

aIl direct costs and revenues and represents the surplus which is 

potentiaUy availab'le prior to mining taxation considerations. , 

\ 
In Section 5.3 assessments on an after-tax basis are made assuming 

current Cana~tan mining taxation conditions. These assessments ale 
, / 

mad~ from the viewpoints of Canadian~society, the mining company as 

inve5tor and government as the tax collector. 

Finally, the results are discussed in Section 5.4. 

5.1 Estimated Costs Related to Pollution Control 

Seledted ~ists of estimated capital and operating costs related to 

pO,llution control are shown in Tables~ 10 to 12 for each of the three 

control levels. Complete distributions of costs are presented in 
, 1 

Figures 12 to 15. These distributions "are Pfesented in' the form of 

histograms. . - 1 

The last class of,every histogram represents the number 
, \ 
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CO$T O~ CAPITAL- 8X 

~CO~cNle ~ACT!AlsTtCS 

3 Li 5 6 7/ 8 9 
'/T $"'T ',l'T UT .... T 1000$ $'1 

0.13 " .15 0.02 0.00 0.01 9!1S. 0.0;1 
o. J 0 0.11 0.01 0.00 0.01 955. 0.03 
0.10 0.40 ,0.09 C.OO 0.03 433. 0.09 
0.10 0.40 0.05 0.00 0.03 433. 0.09 
0.10 0.40 O. OS c.oo 0.0.1 4.l3', 0.09 
0.12 o .;!z 0.82 0.00 o.oz 111, • 0.0. 
0.14 O. UI O.O!5 0.01 0.07 '321. 0.1. 
0.14 0.91 0.00 0.01 0.09 ;uu. 0.17 
0.16 .g .35 ' U.07 0.00 0.03 4.l1. 0.\1 
o. lu C.20 0.0:1 0.00 0.02 65,). 0.05 
0.09 0.15 0.01 0.00 0.0 1· 020. 0.03 
0.14 0.69 O. "l>. O. 01 O.Ob ..J.l~. 0.12 
0.15 0.91 0.10- 0.01 0.09 323. o.~o 
0.1. O.b! U.U4 IloOl u.u5 ..144. 0.11 
0.14 .(l,toI O.\)4 0.01 0.01> 3'" . 0.11 
0.12 0.65 0.05 0.0 1 0.06 )~5. CI. 12 
0.10 0.a8 o. 03 , 0.00 0..03 "3'" • 0.01 

g:l}- ~ • .!8 0.03 0,00 O.Ol 439. o.cu 
0 ... 7 0.06 0.01 O.O~ -I.?2. 0.16 

0.\6 O .. !2 0.06 0.01 0.05 395. 0.12 
0,15 O.7S 0.0. 0.0 , 0.07 3"1. 0.12 
0·11 O.Si! 0.0. O. 01 0.05 ;;1""" 0.10 
t'.10 'T.u O.IC o.u 1 0.11 3?1. 0.113 
Il. 1 ~ 1 • .! l 0.1 Q 0.01 0.11 .1: •• O.t!J 
\).O'iJ o.SO Q.O", '.OL Q.O" '''2. Q.CI~ 
0 • .11 0.75 0.05 0.01 0.07 3.". O.ll 
0.07 0.20 0.03 0.00 0.02 606. 0.05 
0.04 0.12 0.02 0.00 0.0"1 ""1. o. at 
0.04 0.12 0.02 0.00 0.0 1 841. 0.0. 
o.os· ,o.oa .' 0.02 O • .CC C. 0\ '''S'5. O.Ol 
0.06 0.12 O.Ol 0.00 0.0 1 1317. 0.0", 
O. Oô Q.1Z O.OJ a. OC, 0.01 1317. 0.0. 
o .C6 ~12 0."3 0.00 0.0.1 ll17<i O. o. 
O. OC> O.U 0.\)3 0.00 0.01 llll. O.U"' 
0.$9 o.~ 0.03 0.0 1 0.05 )!)3. 0.08 
0.05 O.Ou, 0.02 0.00 0.01 1.171. 0.03 
0.115 g. 08 0.02 0.00 0.01 1371. O.Ol 
Coll 0.97 0.04 C.OI 0.09 310. 0.1. 
0.07 0.25 0.03 0.00 0.02 0611 • 0.06 
Q.07 Q.Z5 0.0.3 0.00 O.OZ bC>&. 0.06 
0.\0 0.V7 O .... 0.01 • -Cl.Q", Ja7. 0.14 
o. OC! O.OY o.OZ 0.00 0.01 1479. Q.Q;' 
C .C6 C.09 O.f>Z 0.00 0.01 1479. 0.03 
0.11$ Q. 0'1 0.02 0.00 0.01 Z120.1' 0.03 
a.oos O.O'i 'O.O~ 0.00 0.01 ~'20. O·Ol 
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1. DePOSIT CCXlI! 

Z. NW\JAL. CAPACITY 

~. COST OF' ~TI\RTER OAM (CAPITAl. COSTl 

4. FI1ESH W"TER PU-PING Ne PIPING 

~ITAL. eo5T$ 

IS. TAIL.INGS CAM CCNSTR\.CTla-. (OPI!:-

RATING COSTI 
-,' 

6. CYQ...OI\E COST (OPERATING COST) 

7. FRESH WATER P\,M>ING Ne) PIPING 

OPERA Tl NG COSTS 

8. TOTAL CAPITAl. COSTS 

9. TOTAL OPERATING COSTS 

"CAPITAL COSTS ARE :lCPRI!S2D 

rN snCN OF .tnII.JAL. CAPACITY 

,-

"" • 
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Table 10. Estimated costs associated ~ith pollution control for ,selected deposits; level l of control 

4 
1 , 
f 
~ 

! 

"' l 
1 
~ 
': 
1 . 
t 

1 
~ 
" J 
.l 
~ 
1 , , 
1 
4 
l 
~ 
~ 

1 
" , 



t 
r 
; 

i 
1 

1 
t 
f \ 

\ 

-; .. 

,-.. 
1 1 

l 2 

1000 TCNS 

.looo. 
_000. 

ISO. n,o. 
150. 

ZOOO. 
300. 
~,>o. 
It.JO. 

1 ~~O. 
.:JI/OII. 

:S'Pl .. 
2~0. 
.. 00. 
"00. 
400. 
1100. 
1l00. 
250. 
~OO. 
;sso. 

I 
~8g: 
zoo. 
(,00. 
3~1J. 

2200. 
.$:)0, 

__ ~ _SClO. 
_ 100QO. 

$'>00. 
6~1J0. 
(,500. 
c",JQ. 

'>00. 
~SOO. 
9500. 
2~U. aoo. ,.1,10. ' 
250. 

cr~oo. 
_ IS$OO. 
_ ll400. 
--.U_IIOt 

.. 2 • _______ ~ __ ~ ...... - ..... ~~iI?'y .......... "" .. ..-..".,.....~<*'~~" 

" 
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ECO ND" IC CHARACTEA UTlC S 

3 4 5 6 7 8 9 
'" .. SIT - slT IoIT sfT 1./T UT 

31111192 • 0; 13 0.11 0.0" 0.00 0.37 0.02 
464â!~S • '.10 o .UIJ 0.03 0.011 u.20 0.02 , 
.3~rJ,G. 0.10 0.11l c.t'- 0.00 0.81 0.00 
4J2,lt. Il.10 0.1-8 o. a4 lJ.uO 0.11l 0.06 
43206. 0.10 0.18 0.04 0.00 0.81 0.06 

2321.!O. 0.12 O. Il 0.03 0.00 0 • .10 0.03 
341\19. O.I~ o .JI 0.04 0.00 2.02 0.14 
2 fJUlb. O. l 'l o.J? 0.011 o.OC 2.06 -0.1 " 
U704U. 0.11> 0.19 O.ol 0.00 0.87 0.06 

174C9(> • 0.\ (1 0.17 a.CiJ ç ,oc o.eo 00113 
J"U1"IZ. 0.0'>1 0.09 0.03 O.QO - O.Jl 0.02 
4{/h?~ • 0.14 0.29 lleO" 0.00 1.74 0.12 
t~J'l..l 0 • 0.1!.t U.J!J 0.C4 0.00 O!.O" O. 1" 
46"01 6. 0.1. 0.26 0.0" 0.00 ,.:Ote 0.1 a 
"b421> • o ~ 14 Q .2$ 0.0. 0.00 1.52 0.1 1 
230tlb. 0.12 0.20 0.04 O.IU &029 0.10 
li ~ .. 3. 0.1 Q D,lU 0.113 /0.00 0.76 0.06 
11 :'4J. o .JO fJ. 1 0 O.Ol 0.00 0.16 O.US 
2<)016, 0.15 0.J4 0.04 0.00 2.06 0.16 
~tlI)J2. o. lb 0.22 0.04 o .OU 1.22 0.09 
20200. 0.15 0.27 0.04 o.oe 1 •• , 0.1 1 
Ztlu:oo. 0.11 a .. !" 0.03 0.00 1.22 o.u.., 
2~1:Ie. • 0, Id C.3!! 0.05 0.00 2.S8 0.19 
2015/1. 0.10 O.la o. cs 0.00 z. sa 0·1'iI 
Utl~l • 0.090 U .2" o .CJ 0.00 1.0l 0,07 
100~0. 0.11 O.ll 0.04 0.00 .... , 0.11 

:SI ''Il. O. 07 0.08 O.Ol 0.00 O.JO 0.02 
6I1CJlO. 0.04 Il.06 0.02 0.00 0.11 0,01 
1049..10. 0.0 .. 0.06 0.02 0,00 0.17 0.01 

\ 4"l'UU. "0.05 O.O~ 0.0.1 0.00 0.1 \ 0.0 a 
9l71H. 0.06 O.Cl 0.0.1 0.00 O.IJ' 0.01 
9J 187. CO-« 0.07 0.03 0.00 0.17 0.01 
937117. 0.00 0.07 0.03 0.00 0.17 0.01 
foJ 'U1. 0.06 0.07 O.Ol 0.00 0.17 0.01 
IZIy' O.OY 0.\7 0.03 0.00 1.22 0·09 

137C7 -. 0.05 0.06 0.02 0.00 0.12 0.01 
13101J. o. as 0.a6 0.02 0.00 o.la 0.01 

3601. 0.11 Il .27 0.04 0.00 2.06 0.16 
2!iQU. 00-07 0.09 0.02 0.00 0.J6 1.03 
2~'Hl. 0.07 0.09 ()"oa 0.00 0.36 0.0:1 
l(,01. 0.10 0.28 - 0.0", 0.00 2.06 0.16 

122C14S. C.06 ~ O.O;J- 0.00 0.1:1 0.01 
122C.4~ • 0.06 O.Ol 0.00 0.13 0.0 l 
'~JJ.6 • 0.05 0.011 0.07 00'00 0.&0 0.0.& 
1'3346. 0.0$' ~,.o~ Ih07 0.00 0.10 Q.Ol • 
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COST ~ CAPI TAI..- 8" 

10 11 12 13 14 15 1. OE?OS IT CCCE 

2. AN'IUAI.. CAPACITY 

SIT UT S/T $If 1000$ SI'T 3. ANNUAI. COST CF I.II'E 

It. COST OF STARTER DAM (CAPITAl.. COST) 
0.30 0.01 0.02 0012 29~2. 0.211 
O.2J 0.01 0.01 0.12 2<,; 4. ù.24 5. TAII.ING9 DAM CO'ISTRI.'CTlO'l (OPl::M-
1.22 o. ,H, 0.07 0.06 1" 2 5. n. Jd 
1.22 O.Ile. Q.O~· U.06 192 ~. O. J6 TING COST) 
1.22 U.06 0.07 Q.06 192 !O. o.je 
0.l1 0.02 0.03 0.12 2120. 0.29 6. S\..RFACE ACID WAT1::R CRAINAGE SYSTEM 
1.169 0.12 0.17' 0.12 1"69. 0.7J 

O! .Z1 O ... 0.20, c.. ~ 2 13!~. O.1l4 CAPITAl.. COSTS o.'} 1 U .05 0.07 Ool~ l7 ~~. 0.44 
O. !j0 O.Ol 0.03 ~el2 2139. 0.31 7. SlRFAŒ ACIO WATER DRAINAGE SYSTc:M 
o.JO 0,01 0.02 C .12 ;;:U II. 0.25 
1.e.Z 0.10 110 14 0,12 141..,. o. (,7 OPEMTlNG COSTS 
2.t! , Il.1. Q.~O 0.12 1.J5Q. o.tSO ~ 

1 ... 2 Il.09 0.13 0.12 , .. e'il. 0.60 Il. FRESH WAT1::R P\R'PING IH) PIPIt-IG-
1."2 0.09 O. I~ 0.12 1.92. 0.60 
l,ü., 0.10 0.13 :),0-(' 1!i77. 0.5b CAPITAl.. COSTS 
1.1 , 0.06 0,00 0.01 1927. o. JJ 
I.H O. DI> O. oC> O.Ol 1927. O.ll 9, FRESH WATER PI.M'ING NlO PIPING 

,2.21 0.14 0.20 o t' ~ 13~ 7. 0.7'9 
1. 14 0.07 O. 10 0.12 1 &24. Oo-!>2 oPEMTlNG CDSTS 
1.94 0.11 0.14 0.06 1500. o.sa 
J .~ " ,ou o. 10 o.ot 1 {: ç 7. o. 4~ 10. ~CYCU:O "'ATER PlM'lNG ANO PIPING 3." 0 0.19 Of2!> Il.0l 1 Hll. 0.6l 
3 ... a 0.19 0.25 0.01 l4SJ. o.tlJ CAPITAl.. COSTS a.a, 0.01 0.011 O. Ila 1700. 0· .... 1 

11. RECYCLEO WATER" ~NG Ne PIPING 1.9'1 - 0 .11 O~ 14 0.01 1.92. "0.59 
0.61 o.OJ' O •. OZ 0.01 ZHO. O. 15 
0 •• 3 0.02 0.01 0.01 3453. CI. Il OPERATlNG COSTS 
0.43 0.02 0.0 1 0.01 .. .345~. 0.11 
Ih2b 0.01 0.01l 0.01 :'l III. 0.09 12. Ll~ 'mEATl'ENT CAPITAL. COSTS 
0.29 0.01 O. 01 0.01 4194. 0.11 
0.29 0.01 0.01 0.01 41.; ..... C.~I 13. LI,..., COsT COPERATlNG COSTI 
0.2'01 a. 01 0.01 0.0\ 41 ';4. O. 1 
0.29 (1.01 0.01 1) te 1 41'; •• O. Il 
1.49 il.oa 0.10 0.01 Ib1l4. 0.,J 7 
0.28 0.01 0.01 - O. 01 ~127. 0.09 

CAPITAl.. COSTS N'Il! ElCPRESSEO 0.2U 0.'01 0.01 0.01 5127. O.OC) 
z.7a O.HI 0.20 O.CI '" 7 2. O. bl 

IN S/'Tœj Cl'" ~'CAPACtTY 0.81 0.03 O.Ol 0.01 26Q7. a .lI 
O.IU 0.03 o.O:J 0.01 ,oee. 0. 17 h 
I-.J2 O.U. 0.20 0.01 1469. 0.63 
0.31 0.01 0.01 0.01 5275. O. 10 
0."& ,.lU 0,01 0.01 5275. 0"10 
0.20 g'OI 0.00 0.01 65~7. 0.08 
CIo20 .01 0.011 0.01 0517. O. OIS 0\ 

~ 

Table Il. Estimated costs associated with pollution control for selected depo~its; level 2 control . ' \ .:;. 
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.- I!:CONCNIC CH ... RACTE~"TlCS 3. COST 0" STARTER CAM (CAPITAl.. ceST) 

~ - • _ ". Hl..OING OoU! COST (CAPITAl.. COST) 
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f 

1 

1 
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i 
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l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 -16 V 18 19 S. StnFAŒ ACID WATER DRAINAGE SYSTEM 
, . CAPITAl.. COSTS ~ 

'1000 TCNS S~T 5ol'T ''l'T 51'T -.. ,T .l'T SI'T SI'T " .... T 51'r 5 .... T ..... T S .... T SI'T. SI'T 100ez !;l'T 6. S~ACE l.NCO'ITIj/'lINATED WATER MAI-

- NAGE SYSTEM CAPITAL.. ceSTS 
--- 30ao. 0.13 0.08 0.04 Q.09 0.03 0.~6 e.49 0.52 0.110.00 0.010.17 0.02 0.02 0.36 5b21. 0.72 
- '''OOQ. 0.10 0.07 O.Ol 0.070.03 0.23 0.37 0.37 0.08 .00 0.00 0.17.0.01 U.OI 0.25 !ol53. 0.57 1. Lll'E TREATl'ENTCAPITAL C:OSTS 
--- 1$0. 0.10 O.I~ 0.0_ O.Ub 0.13 0.d2 ,.22 0.00 o.le 0 00 0.00 0.09 0.05 0.C6 0.00 2191. 0.39 ' 
--- 7$0.0.10 O."," 0.04 O.OU 0.13 o.e:! 1.220000 0.18 O. 00.000.090.1)5 0.06 0.00 21'>1. 0039 8. FRESHWATERPU-PINGAN)PIPING '= 2J:8: 3::~ g:~~ g:g~ g:gg g:g g:~~ ~:~~ -g:~~ ~::~ 8:0 g:gg 8:n 8:gi g:u 8:~g §~J~: 8:~î CAPITAl.. COSTS 
--- JOO. 1)014 0.24 0.0_ O.\)/t 0 • .1-' <!.u ... 2 • .!o O.U., O. 1 u.o 0.110 0.17 O.'J 0.'3 0.1,1 ZCd5. 1.22 
--- 250. oh. U.26 o.e .. c.oo O'''U 2.1672.12 0.90 O.l 0.0 0.00 G.u 0.160.15 '0.167 20,.0. 1.41 09. Rf!~YCL.EOWATERPu-PING ANOPIPING 

7~0. o.;u, 0015 u.OJ 0.06 0.13 0.'11 0.'19 0.fl2 001 0 0 0.00 0.17 0.06 o.-o~ 0.2'01 21;6'1. O.cll c 

--- l!oUO. O.lB 0.11 IbOl O.ol(. 00"07 0.4'10.610.50 0.1' .UO 0.00 0.17 O.OJ o.UJ (1026 3517. O.IU CAPlTAl..COSTS 
--- JOOO. O~IO" 0.08 0.03 0.0'7 0.03 0.26 0.49 0..19 0.09 0.00 u.oe 0.17 0.020.02 0.-':5 "ç .. ~. 0.<;01 _ 
- JSO. 0.14 O~Z~ 0.040.070.2'11.771.'1' 0.83/ 0.29 0.011 Il.UU 0.17 0.110.110._1 2129. 1.15 10.IoECHANtCAl..TREATl'ENTCAPITALCO;:>TS = ~~~: ~.1~ ~:~~ g:~: g:g~ t ~~ f:~: ~:g g:~g g:n g:8g ~:~g g: g ~: t~ g: \~ g:~~ ~~;~: ::~~ 11. TAII..INGS DAM CON~mucn~ (OPERA- . 
--- 40U. 0014 U.21 0.04 U.U7 Ch25 Io:!" 1.70 0.7a 0.25 o.ou o.UO 0011 GolO 0.10 u.J5 2175. 1.vJ • 
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--- 000. 0.t4 0.12 0.C3 O.O~ C.13 a.J7 1.&4 0.00 - 0.111 0.00 0.00 o.e-.: 0.05 O.C6 0.00 21~6. 0.3i 
--- ISOO. 0.10 -0.12 O.Ol 0.06 0.130.77 1.&4 0.00 O. II! 0.00 u.OO 0.02 O.Ot> O. Ce. 0.00 2lllb. Il.-'2 12. S~Aœ ACID WATER DRAINAGe: SYSTEM 
- 2~0. 0+1~ 0.~6 0.04 O.Cd 0._0 2._7 2.72 0.'10 0.34 0.00 U.OO 0.17 0.1e. O.I~ 0 •• 7 2U43. &.36 
--- 500. 0rlb 0.19 0.04 IloOl 0.20 1.-2_ & • .16 0.7:1 0.2l!! o.QU 1.1.00 0.17 0.08 o.oa 0.J2 22'11. e.92 OPERATtNG COSTS 

/ - :150. 0.&50.19 0.04 O.UÜ 0.29 1.17 2.Il 0.00 0.270.00 0.011 0.0<J Il.ll 0.1& 0.00 11166. 0.5<,1 
-- 500. 0~11 0.16 O.DJ 0.1.17 0.20 I.~~ &.4'i1 0.00 0.Z4 0.00 0.00 0.e9 O.OU 1.1.011 1.1.00 lo'n. 0.,.9 13. SI..RFACE U'lCCNTAMINATE> WATER ORAJNAŒ 
----. 200. o~ lU O.~~ u.o~ O.oY o.~o 3.0'1 3.40 0.00 0.3U 0.~0 OéUI 0.02 0.19 U.19 0.00 I1J7. 0.61.1 
_ 200.0.,111 O.Z!) 0.1,5 0.0<,/ o.~o l.09 3.40 0.00 0.J8 O'OU 0.01 0.02 0.19 (,1019 0.1.10 1737. 0.81.1 SYSTEM OPERATING C:OSTS 
--- foOO. C).o'O<'/ \10 14 0.e3 0.07 C0I7 1o0J "52 0.00 0.24 0.1.10 0.0-0 1.1.041 0.010 0.07 0.00 2109. C.41 _ 
--- ..t~o. 0.111 001') 1).04 D.OU C.Z'J 1.77 2.'l 0.00 0 • .130.011 1.1.1101.1.020.110.1& 0.1.10 IU_9. O.a:) 14. L.lIETREAnlENTOPERATINGçoSTS 
- Z.!OO. 0.,01 0.1,. O.OJ 0.06 C.O!: 0 • .3.,J O.b7 0.00 o.Uti 0.00 0.00 0.02·0.020.0.1 Q.OO • 3ldO. c.,~ . 
- ~5~0. o.c:._ D.!)'J o.Ul! O.O·~ D.al! o.Je. 0._3 0.00 0.06 0.00 0.00 1.1.02 0.01 0.02 'V.OO 4216. 0.11 US. FRESH VATER PVoPING AN) PIPING 

.. ~oo. 0.,U4 Q. U9 0,,02 O. OS a. C4! O. H. 0.43 0.00 0.00 0.1111 0.00 0.02 0.0& 0.02 8.00 ~ _Z lb. O. Il 
---- 10001). 0.0,," 0.0<0 U.OJ O.Uu 0.01 0.06 0.2f> 0.00 0.05 0.00 0.00 0.02 O.OC O. al 0.1.10 6311U. 0.09 CJ'ERATtNG COSTS 
- 6$00. Il.,0"'' O.Ou 0.0.1 o.a!> O.':!-11.12 0.400.00 0.010,00 0.Q.t) o.o~ 0.0\ 0.0\ 0,00 -5t!lJ. 0,11 
- 6~00. O.O~ O.Od O.Ol O.U~· O.Oo! O.llI 0.40 0.00 0.07 0-.00 \)o\JO 0.02 0.010.010.00 IIUJ. 0.11 16. RECYCl.EO W"TlR P\.M'ING ANO PIPING • 
-- <O~OO. 0.06 O.O~ o.OJ a.a~ 0.02 0.12 0.40 0.00 0.07 0.00 0.00 0.02 0.0\ 0.01 0.00 S~53. 0.11 
--- 6~OO. 0.1/60.011 O.Ol 0.1)5 !I.02 0.12 0.40 0.00 0.070.00 a.oo 0.02 0.010.010.00 56!:>3. 0.11 CJ'ERATING COSTS 
- flOO. o.o~ O.Z:. \)~03 0.07 0).20 1.24 .~ •• v 0.00 Il.11 O.OU 0.00 0.02 \l.1I8 0.01$ o.cio &\139. o.JS 
- IlliOO'I OlO"! o.On 0.02-.0.05 0.01 _0.01t 0.28 0.00 ChaO 0.00 0.110 0.02 o.QG 0.01 0.00 5""4. 0.10 17. 1'E0000ICAI.. TREATIoEtiT ClPEAATlNG COSTS 
--. YbOO. Q O~ O.Ou 0.02 O.O~ 0.01 a.6U 0.211 0.00 O.Of 0.00 0.00 0.112 o.uC 0.01 O.O~ 599.. 0.10 -
--- :l'JO. \) Il O.lJ 0.0. 0.08 0.40' ;e'''7 2.72 0.00 0.21 0.00 0.00 0.02 0.16 0.15 0.00 1l64. 0.61 li. TeTAL CAPITAl. COSTS 
- lUOO. 0.07 O.IS 0.02 0.05 O.C6 0 • .1" O.IH 0.00 0.011 0.00 0.00 O.O? 0.02 O.OJ 0.00 11l'J. 0.17 
--- 11100./ O.Of 0.12 0.020.040.06 0 • .3" 0.81 0.00 0.011 0.00 0.00 0.02 0.02 0.030.00 30_0. 0017 19. TOTAl. CFERATINGCOSTS 
- 2'~O. o.'~o 0.3,J 0.0. G.GIt 0.40 2 •• 7 a.71r 0.0-0 0.21 0.-00 0.00 0.02 0.1' O.lS 0.00 1760. 0.61 , • 
---" asoo. 0.06 0.07 0.03 0.06 0.01 0.09 0.310.00 0.06 0.00 0.00 0.02 0.01 0.01 0.00 62&2. '0.10 
--- 4500. 0.06 0.07.0.03 o.oe. 0.01 0.09 0.31 0.00 0.06 0.00 0.00 0.02 1.01 0.01 0.00 6212. 0.\0 
--- U'OO. 0.05 0.06 0.07 O.U O. Cl 0.07..0.31 0.00 0.0$ 0.00 0.01 0.02 0.000.01 0.00 10.",. OolO CAPITAl. COSTS Nf!!XPRESSED 
--- &:t400. 0.0$ 0.C6 0.07 0.14 ~.O' 0.07 a.J' 0.00 ChOI 0.000,0& 0.02 o.oe O.CIl 0.00 U1Ul. 0.&0 IH ~f:It~CAPACITY 
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Figure 15. Distribùtion of operating.costs related to po~lution 
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of deposits having costs above the upper !intit of the, previous 1 cost 

class. Each distribution shows a ~eposit size breakdoWIl. Capital and 

operating costs assessed on 'a new mine de$ign basis fol' each control 

~evel are presente~ in Figures 12 and 13. Figures 14 and 15 show the 

~istributions of capit-al. and operating costs assessed on an incrementa'I 

basis, for each control increment. Tables 13 and 14 present the average 
l , ~<.,~ ... 

capital and operating costs of aIl the depasi ts included in the data· 

base, with respect ta mine capaciW and deposit type~ 'These averages 

can' he used to show the relative magnitude of the estimated pollution 

control related costs with respect to the total figures. 

Figure 12 shows th,e distribution~ of 'the related capit~i costs per ton 

'of installed capacity for the three levels of pollution control~' These 1 
~ Cl 0 • ' 4 

, (1 

costs are low for Level l~ because ver.y few operations are performed. 

At Level 2, the related capital costs ,are sign~ficantly scattered' I At 

Level 3, the distribution shifts ta the right, typically showing an 
1 

increase of aboüt $l/~on cOIl/pared with Level 2. ,The di,stributi6ns of 

pollution related operatirtg costs per ton for the three control levels 
1 
1 

are shown in Figure ,,13.' Thé large deposits present in the' high cost 
1 

.brackets are type 1 deposits. As shown in Figure 43 of' Appendix 7; 

these rdep~5its màr have hîgher operating costs ~ Th~ dist~ibuÙ~ns' of 

incremental capital costs are shown in Figure 14. It appears that 
1 _ 

Increment A involves higher capital costs. ,Increment A,also involves 

higher operating costs, as shawn in the distributions of incretnentai"-

operating costs in Figure 15. l'he, x:esults clearly reflect economies 

of scal~. Capacity has a sign~ficant effi!ct on costs of small opera­

tions. 0 This results in JIlQre.variable costs for these operations. 
1 

__ 1 

! 

'1 
1 
1 



-, 

C 
f 

i 
l, 
t 
'L ... 
,', 

"" 

" ~ 
~ 

f. " .. 
;j: 

> 
f' t 
~, 
t 

f 
~ r 
~ 
~ 
i 
> 

î 
f, ' 
? 
~ 

f -
1 

t' (); 
t 

() 

. ' 

71. 

The cost distributions are broken down br" 'deposit types for each 
1 

cont,rol level ' and incrément in Appendix 7. Generally. ' type 1 deposits 

incur higher costs due 'to largér process water vo;I.umes. higher lime 

costs and additional treatment facilities.' Pollution control related' 
" , 

. operations are simpler in the case of, type 2 deposits. Howev~r, the 

overall small mine size of type 2 deposits results in high unit costs. 

comparable wi th those of type 1 deposi ts. Type 3 depos1 ts pose less 

problems with respect ,to water pollution. This effect. combined with 

generally large mine sizes and the cons~quent economies of 'scale,' 

results in low costs for these deposits. 

CC/ton of' 
, 

OC/ton of' MiJ)e Capacity 
anri\,Jal capacity ore, processed 

~IOOO tons/year) 
,($l UJ 

""~",, 

0-1,000 59.22 ( 14.'49 

, 1) 000-5.000 38.75 9.33 
--- -------,.--

more than 5,000 16.12 3.18 

TABLE 13. Average capital and operating costs of aIl 
deposits as a function of min~ eapacity. 

l' 

,CC/ton of OC/ton of 
Deposi t' Type annual capaci ty ore processed 

($) ($) 

C~-Zn-Pb, Zn-'Pb 56.15 15.58 

Cu-Zn-Ag-Au, Cu-Ag, Au 57.86 13.00 
"" 

Cu. Cu-Mo. Mo 24.47 5.91 ~ , "", 

TABLE 14. Average cap~ ta~ and operating costs of a11 
deposits ~s a function of depOSir type • 
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Lev~l 2 Type 1 TypCl 2,3 Ine. A 

8-12\ 13-17\ 15-21\ 30-40" 
88-92% 63-13% 79-8S% 60-70\ 

2cr.1!j\-

15-23" 20-25'. 25-30"- 1\0-50\ 

77-85\ 50-S5\ 70-75\ 50-60\ 

27~\ 

18-25\ 25-30\ 32-37\ 50-60\ 

75-82\ 45-50" 63-68'; 40-50\ 

27-30% 
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• TABLE 15. Brc~kdovn of T~let~d eepital cOlts as & lunet10n of l!Iin~ sizc • 
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struet. 45-60"0 45-50\ 25-30\ 40-45\ 45-50\ 1-5\ 

pwnp. 40-55\ 30-·10'. 15-25\ 30-40\ 20-30\ 5-20\ 
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In Tablès 15 and l~ the 'related capital and operating costs are broken 

- down into their components. In this way '" /" the "importance of each compo-

n'ent and its behaviour under different control- regulations may be 

examined. Capital costs are broken down into costs related to structures l .. 

pumping and piping cost~ and mechanical treatment costs where applicable. 
\ ' , \ 2 ' 

Operating costs are broken down into structure costs 1 pumping andpiping 

costs, lime treatment and mechanica1 tteatment where applicable. 

Pumping and piping costs realiz-e the mest important economies of scale 

with respect to both capital and operat~ng costs. For Level 1 in Table 

1; 15 - for example, the increase in .stJ'Ucture' costs from 15-30% (size 1) 
/ 00 , ~ 

to 35-45% (size 3) typiffes the economi&s of scale 'in ptJtping and piping 

costs, since struèture , costs par ton dl!) not v~ry c~nsiderablY'\with size. 
\ . \ li 

Sd6cture cost is the most important component of operating cos,ts. TJ:lis 

cos't is more sensitive ,to control level and topography than to mine size • 

l • ~. • 

Lime treatment cost is also 1nserts1t1ve to s~ze. This cost dep~nds upon 

the type of deposit. 

Another aspect of the estimated pollution ~ontrol costs ik their relation­

s~ip with total capital and operating costs. As has heen set forth in 

Chipter 4, total costs' in the database include the costs of comp~iance 

with eurrent water pollution regulations (control Level 2). Tables 17' 
, ' 

and 18 show the related capital and operating costs àt aIl levels as Q 
\ 

IStruetures include the starter dam, holding <or aging) ponds, d~tches 
for the collect'ion of contaminated or uncontaminated surface nlnoff 

,and lime handling facility. We èapital costs of structures may include 
some o~ a~l of the, aJloye' cost items, depending on the operàtions"per- \_ 
formed at the specif~c treatment level. 

21hey include the graduaI, c'onstruction' of the ta~Üngs dam land mainten­
ance. of the surfacé runoff collecting netwo~k. Struètüre eosts are 
\DIostly dam eonstl'Uc,tion co~ts; t~e maintenrce component is' very 
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Pollution Control Related Costs 
,/ 

<,' 

, ' 

Level 1 Level 2 Level 3 Incr. A Incr. B 

-cc 
----

1.5-3.0 

1-3.5 

1-1.5 

oc cc oc cc oc cc oc cc oc 

0.8-1. 5 6-13 3-6 7-17 3-10 6-14 3-6 2-9 1-5 

-0.5:'1..5 4-12 2-5 3-15 2-6 3-12 2-5 1-8 1-4 

1-2 2-6 '3-5 2-7 ~-6 4-8 3-9 2-4 1-6 

/ 

TABLE 17. Pollution control related capital and operating costs as 
percentages of total costs~ as a function:of mine size . 
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. Incr. C 

cc oc 

3-12 0.5-5 

'1-7 0.2-3 

2-4 0.5-4 
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t? 

1 - J 
-. , 

/ 
/ Leve! 1 

Type CC- OC 

1 1':2.S 0.8-1.5 

2 1-3 - 0.4-1 
e. 

3 1-3 1-2 

TABLE f8. 

" 

/ 
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Pollution Contro1_Re~,ated Costs 

Leve! 2 Level 3 Incr. A Incr." B Incr. C 

'"" 
-CC OC CC OC CC ' -"QC CC -OC CC OC 

/' 

2-10 2-4 3-15"" 5-10 4 .. 9 3-9 3-9 3-6 3-11 2-5 

3-13 2-5 3-16 2-5 3-13 3-5 2-3 0.7-2 '2-6 0.5-1. 

2-12 3-5 4-15 3-6 4-15 3-5 1-2 1-2 

Pollution control related capital and operating costs as per­
centages of total eosts, as a function of d~posit type. 
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percentage of total costs at Level 2. ------lution coitrol related costs ,and total costs is a fUJ:lctian of size 
\ ' , 

(refleeting economies of scale), rather than,a function of deposit 

type. ,the' deposit type, however, does have sorne ~ignificance in the 
! 

relationship. In Table 17, the nigher cast brackets correspond ta 

type 1 depo~its, .both for capital and operating costs. It is also of 

: interest to note that size 3 mines, characterized by type ~ deposits l " \ 

show the lowest percentage with respect ~ô capital costs. 

5.2 Effects on Potential Value of Ba.se Metal Mineral Endowment 

1: 
P.otential value assessments are made for various meta.! 

\ 
control levels. Metal price is the most important, ~nd 

/ 

priees and 
\ 

the most un-

certai~ variable in assessing the endowment 1 s economic characteristics. 

Lowèr limit expected value and upper limit priees sh'àwn in Table 3 are 
\ 

used for these assessments. The pollution control related costs at" 
1 

different control levels are added to the databa~e costs and potential 

value assessments are made for each combinatian of priee variant and 
\ 

control levei. For each c;ombination, the following criteria are , 

evaluate9: 

The potential numtler of economic deposits. 
Il 

- The potential net present value to ~ociety from the exploration, 

development and , production phases of the base metal mining sectar, 

discounted at 8 percent. 

The potential rate of retum ta society. 
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Results are presented in Table' 19. These results indieate that 
, \ 

potential value to society is highly sensitive to control level 

changes at lower limit metal priees. The number of economic deposits 

is particularly sensitive ta control level changes at 10wer Emit and 

e'xpected 'value priees. 
- \ \ -

Table 19 also indicates that the potentÛll 

value criteria are more sensitive to ,changes from Level 1 to Level 2 

than from Level 2 to Level 3. To the extent that -the endowment 1S 
\, 

actually subject to control Level 2, the results' indicate that the 
\ 

main part of society'~ lasses fias beèn absorbed in the change from 
1 -

Level 1 to Level 2. The resu;1ts suggest that a--further change to 

Level 3 would have a relatively smalt- impact on the potential value of 

the endowment. 

5.3 After-tax Effects of Costs Related ta Pollution Control 
, ~,' 

This section eXi'l<rnin~s the after ... tax effects of the estimated costs 

related to poHution control on the base metal mining seetQ;t'. The, 
, 

results are based on the current Canadian mining taxa't\ion system. 

The value ta society is shared between investors and governme'lit' through 
, \ 

, corporate and mining taxes. Considéred as an additional cost to the 

mine operator> taxation can affect the viability of economiè9.11y 

• marginal deposits. It can decrease the number of economic deposits 
\ 

, thereby -reducing tl?~ value to society. Taxation. however" eases the 

bur.den of additional cost.s, by sharing them bet.ween investors and 

governmen~. This is accomplished th'rough tax al~owances. resulÜng i~ 

tax credit.s to the investor. As a result.pe after-'t\aJt impact of 

addit:lonal costs i,s smaller than the be~ore-tax impact of these eosts. 
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79. \ 

Potential Vàlue 
Potential Number of Endowment Rate crf Rètum 

Priee and Control 
Level Variants 

Lower Limit Priees 

Control Level 1 
èontrol Level 2 
Control Level 3 

EXEeeted Value Priees 

\ 
Control Level l 
Control Level 2 
Control Level 3 

UPEer Limit: Priees 

Control Level 1 
Control Level 2 
Control Level 3 

'1 , TABLE 19. 

/ . 

\ . 

. - .. --- _1111:1 

of Economie 
Deposits 

/' 

56 
48' 
47 

95 
87 
86 

\124 
124 
124 

\ 

to Society on Endowment 
($, millions) to Society 

905.6' 10.75% 
554.2 9.81% 
454.1 9,52\ 

5,~56.8 18.31\ 
5,,272.0 17.54% 
5,060.9 ,17.22% 

18,004.6 ~\ 
17,,499~~/ 27.85\ 
17,254.~ 27.55% 

Potential value asse~sments. 
\ \ 
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" 

The valliantsa used ·for after-tax asses;;ments consist of the different 

combinations of pricë and control levels; \ Costs related to pollutipn , 

control ar~ added to the database cost~ and current taxation mIes 
\ 

(federal and prov~ncial) are applied. ~énJ the actual nwnber of 

economic deposits, the actual value to society discounted at 8\ and 

o • 

the actual rate of Tetum to the investor are assessed for each variant. 

Tax, payments which, represent the government' s share of the actual value 

to society are discounted at 3\. Results are presented in Tables 20 

and 21. With ,respect to control level changes, variations in after-t,ax 

\ - \ criteria are usually smaller than variations in before-tax criteria. 
\ 

This "effect illustrates the transfer of part of the additional pOI~ud,on 
1 

. 
1 

d 

\. 

, control costs to govern~en~ ~htough taxatio~. Table 20 also "Shows tha~ , \ 

for aIl three metal \price variants, most of th,e impact is associated 
1 v • ' 

with cbal.1ges from control Level l to control level 2. To the extent 

J ~ 
t'lat control Leve! 2 represents current federai regulations, it can be 

concluded that most of th~ impact has already been taken. 

, " 

From the government' s viewpoint", the transfer of part of the additional 
\ 

pollution contrbl costs results in. teducèd tax payments. Table 21 sho~s 

the total present value of· ta~ pa}rments discou1)ted at 3\. For aU lIIetal 

price variants, a change in co~trol level results in substanti,af reduc-
- . , 

tions of tax payments. The reduct~on'of govern~nt in come resultiÎlg 
,... , • J \ j 

irom a chan~e> in control lèvel represents the ~ovemment' S share of the 
, '\ J . , 

1 / 1 \ ~.. \ 

addi tional costs associated wi th the higher control' level. . , ' 
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Lower Limit Priees 

Control Level l 
Conlrol Level 2 
Cont:tol Level 3 

EXEeeted Value Priees 

Control Level 1 
Control Level 2 
Control Level 3 

lfEEer Limi t Priees 

Control Level, 1 
Control Level 2 
Control Level 3 

Ac'tual Number of 
o Economie Deposi ~s 

1 

,48 
39 
38 

86 
81 
8'1 ~ 

123 
119 
119 

) 

Actual Value 
to Society 

($ millions) 

291.1 
105.2 

61.6 

2,566.7 
2,303,.6 
2,223.3 

8,425.3 
8,044.3 
7,923.2 

81. 

Actuàl Rate of 
Retum to Society 

(%) 

/ 

9.8 
8.1' 
8.4 

.16.3 
lS~7 
15.4 

.\ 1 

24.7 
24.1 
23.8 

TABLE 20. After-tax assessments as a function of 
metaI ~rice and control level. 
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0 

Lower Limit Priees 

Control Level l 
Control. Level (2 
Control Level 3 

~ 

E~peeted Value Priees 

Control Level l 
Conti~ol Level 2 
Control Level 3 

Upper Limit Priees 

Control :{oevel l 
Control Level 2 \ 
Control i.evel 3 

TABLE 21. Tax payments from aIl 

" 

as a funetion of metal 
level. 

/' 

/ 

/ 

,'" 

Present Value of 
Tax Payments 
. ($ 1Jlilli.on~) 

3,074.0 
2,555.2 
.2,395. Q 

9,787.7 
9,222.1 

1 9,030.1 

24,581. 7 
23,777.4 
23,:}3.9 

eeonomic deposits, 
priee and control 
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5 .. 4 Discussion' of Results 

In absolute t'erms, the estimated pollution control related C~l?ts . 
represent important expenditures both in the form of capital and 

operating COlOts, as set forth in Table F. , The sensitivity of the 

economic characteristics of the base meta1 mining sector to these 
<> 

add,itionai expenditures van:; The potential and actual: numbers of 
\ .1 

economic deposits as weIl as, the potential and actual values to society 

are sensitive to control level changes for lower and expefted metal 

priees. For aH met~f priees, Irates of retum are less Isensit~ve to 

control levei changes. 

l ' 

At expected metal priees, a change in water pol11ftion regulations from 

" '(' 
the present situationl to complete elimination of discharge would, 

according to this study, haye the foIlowirtg ~ffects: . . 

i 

r 

1 

1",' .,:, 
- The actua1 number of economic deposits would remain the same. 

The actua1 v'alue of the endowment ta society would decrease by 3.5%. 
l , 

- The rate of return to the investor Iwould decreas~ by 1..7%. 
, .' \ 

- The tax payments to government would decrease by 2.1%. 

The rate of retum to the investor, which represents ~he mlning industry's 

incentive, merits further consideration. At expected value priees and 
, ' 

control Leve! 2, the investor's rate of retJrn is 15.7%. It decreases 

to 15.4% at control Level 3. When these rates of return are compared 

to the cast of capital of 8%, the decrease/attributed to changing control .' 
leveis appears inconsequentia~. 

,,, 

l' 

lControl Level 2, current federal and provin~ial mining taxation systems. 
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In th~s analysis. the economic characteristics of the base metai seêto.l:..--. 
. 

have been evaluated under the asswnption that, al,l mines and miUs are 
-, 

designed ta operate at' a particular control ievel from the s~art of 

p:roduction. The effect of incrementai costs' (costs of upgrading an , , 

existing operation to comply with the 6igher control leve~) has not 

been evaluated in detai!. It ~s expected, however, that incrementàl 
1 

costs would have similar effects. Two factors support this conclusion~ 

-} The magnitude 0l incremental costs is similar ta the'magnitude of 

original design costs. 
/ 

- Incr~mental capital costs would be spent at sorne future poi~t in time 

and incremen~aI opera'ting costs would be incurred afterwards. At the 
..-- :-') 

mine development decisio~ time" ~he present valu? of these expendi-

tures are relevant .. These present va,lues wouid àepend upon t~e timing 
, 

of the lexpenditures. They would become le~'s significant in the dis-

counted cash flow analy,sis, as the time at which higher control 

standards are imposed 1s deferred. 

Of iriterest in the evaluatian results is the type and size of de}10sits 

mast sensitive ta changes 'in control levels. Figure 16 shows the size 

distribution of deposits which become uneconomic ~ecause of higher 

~oÎltrol l~vels at expected metai priees. Out of a total of fourteen. 

deposits affected, nine were small Cu-Zn-Ag-Au or Cu-Ag-Au deposits, 

characteristic of the shïeld r.egion,. For the s~e condit~s, Figur~ 16 

aiso shows the deposits that become uneconomic because, of taxation. 

Thirteen of the twenty deposits affected have medium to large mine sizes. 

Twelve of these are low grade copper producers characteristic of the 
~ 

cordilleran ragian. The reason for the differential effect of these 

r; :&Mtf~~ ·~ •• M?Iji!f ... StM;~""_lIiIli.œm;r .... f1,J"""·"",,''''lIlW'''''''''''''''' __ Ii..,._ .... ,.! ....... ,.. .................. • __ ... _ .... ·,_·-·_~------
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Comparison Qf the effec~lof pollution control,co$ts 
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polic~es wi th respect to mine size appears to result fr<,?m the different 
" 

ratios of additional costs to total costs. As shown in Table 17 J the 

ratio of pollution control related costs to total costs for ~mal1 

deposits is about twice as large as the ~ame ratio fo! large deposits. 

Another factor which is likely to influence this differential effect 

, is the different economic characteristics expressed in terms of revenues 

and costs per ton of ore for the two different 'deposit, types. 

o rth'e scope of t~is study J the differential effec,t of pollution 

" 

Within 

control 

and ta:xation on mines of different sizes is not further examined. This 

effect, however, can be the subj,ect of, additional research. 
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CONCLUSIONS 
. , 

The fol~owing points may summarize e finding,s o~ this study: . 

'1 
1 
1 

1 

1 

i) Pollution control related costs ssociated w~th changing,conttol i 
,fevels represent important portio 5 of the ~ctttai c~fi tal a;d. 
operating costs. These costs show economies of scrÙe and thus. 

. . 
their impact is particularly stron ïn the cas,~ of smaller deposits. 

ii) The impact of c,t~ r~lated to poIl tiop .~ontroi on economic 

characteristics of the base metai mi ing sector is ra ther modest 

overal1, to both society and the 'inv stor. Sorne degre,e of sensi-

t~vity is observed in the potential nd actual number of eeo~omic 
. 

depoQsits, as well 'as the potential and actual value ~9 society at 

lower metal pri~es. Other criteria of desirability remain r~ 
tively stable over the various control levels and mataI priees 

iii) related ta pollution control are not generally harmful ta 

" 

They do, however, show a tendency to adversely 

affect small sulphide deposits typical of the shield region. It 

is suggested that protective measures sh?uld be taken ta offset 

the increased costs smaller operations will incur. if higher 

control leve~s we're implement;d. 

...-
The resul ts of .this stuçly may be used as a basis for further research 

in the following suggested areas: 

i) Elucidation of the reasons for the differential effects of pol-' 

lution, control costs and taxation on' mines of different sizes. ' 
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H) 'Analysi<S') ~f the effects of increme~tal costs' on the economic ch~a-

88. 

. ' 

ç cteristics of ttle en~owmebt. One aspect of this analysis would be 
"\ 

the detailed'examination of the effect of incremental costs at the 

mWe develop,nent ~~cision Ume'. Another aspect of this analysis would ' 

b~'~. the effect of ïncr~mental costs on operati~ mines. 
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APPENDIX 1. Metal mining liquid effluent regulations 

"l!,.ll;..l_....;c:;..II_n_oJ_"_G;.;CI_:;.;..n..;.' .. '_p_II'..;.I.;;I1.:... _Y:.:.o.:.;' • ..;/,,:,':,;' • ..:,N.:..;o:.:. • .:..' __ ..:G:.:o:::.::~I::,:.,=d,:. • .::CLl::n:.::n=d=Q...:.Pa,'i~ 11, l'<J1 III. fti" J SORI J!~~S_'1_7_T_-_I~ 

RC8islration 
SORj77-173 25 February, 1977 

FISHERIES ACT 

Metal Mining liquid Effluent Regulations 

P,C,1977-J88 24 Febru"ry, 1977 

Hi, .. ~c.:lle"C1 the GovC'rnor Gcner.ll in Counc;iI, on the: 
rccommcndltion of the :\fini~lcr of F,shcriC1ln<)"hc Environ· 
menl, pur!uant to seclJon~ J J and H of the F!iI\erics Act, i\ 
pleased hereb)' to m~ke the annexed Re8ul:allons respectlng 
dclclc,rious sl1bsllnccs in liquid effluents from mctal mines. 

REGULATIONS RESPECTING DElETERIOUS 
SUBSTANCES IN lIQUID EFFLUENTS FROM METAL 

MINES 

Sir"" rllt, . 
1. The$O RC'Sulalioft. may be cite!! as the M,'ai Mining 

UqJlùl EJl!!l",r Rtpllll;OIU, . 

1"'''p",aIlOll 

2.. ln tbac ~esal~tiOllJ. . 
." ActM 

m~ th. Fi""rl'$ Act; (Loi) 
".rithmctic mcan" meanl tba avenger valuer 'of the concentra­

tions in com!'O'Ïle or grab samples collectee! over the lime 
period reqIIired bi sec:tiDa 1; (lt/oy""" arllhlrlillqutl) 

"9'ÎI!posit. samplo" mc:anl 
• f (Il) 1 qUlSlity of undill1ted ,fOuent c:onsiSling of a mini­

mum of thrce cqual volumes or ernucnt or thrce volumes 
proportionlUc tCl now th:Jt bave becn collccted at approxi­
tqately equal time i{llenrals ovcr a S3mplrng pcriod or not 
leu Ihan 1 hout$ and not morc th:!R 24 hOllrJ, or 
(h) a quanlit7 or und,lutcd ,fOuc"t collectee! c:ontinually 
at ln eql1at ra.te or at a rale propottion:llc 10 Oow oycr a 
sampling pcriod or not len than 7 hourJ and not morc 
lhan 24 hou": 

(/chanll/lon compoJ;I,) 
"cÎeposit" mC'ans 10 dcposit or permit tfle deposit into watcr 

frcqucnlcd by Cish: (rrj~'N') 
"cffluen'" includcs mine w,:uC'r dfluent, mill proccss crOucnt, 

tailings imJX'undmenl arca emuenl. lIutment pond or 
trcalment f .. lC:ihly cffluent. secpJgc and surrJce dr:un3Ile; 
(rffllJln/) 

"uisling mine" mcans a mine thal C3me inl~ commcrcill 
production ber"re the da te: of comm8 into rOrLe of Ihc>c 
Regul:ll~s and ,thJI oreratc.! ori ~ <:ommcre,.,1 ba~i, for al 
Icast Iwo months in lite twc:lvc lI\onchs immcdl~tdy pnor to 
that date; (ntiMn/Jralllf') 

(1) 

Enrcgisl r~mcnt 
DORS/77-178 25 [é'fia 1977 

LOI SU~ LES PËClII.RIr.S 

Règlement ~ur les l'fflll~n!s iiquidc~ des nl!ncs de 
métaux 

c.r. 1917-388 24 rèvrtcr 1917 

Sur a.is conforme du .ministre d;s Pècherie, cC de l',,r' i.on­
nement et cn \CrIU dc~ :!rude$ 3.1 ct loi !.le' 1.1 LJ' Il!; les 
pèchenes, il plJit li Sl)n E,cellcn.:c le GOUl::r~.!ur ~rerzl en 
conseil d'ct:lbhr le Rè!;le .... :nt rd:1tir ::u, subot,u',:c.I rt1.:Î\'c. 
présentCJ dans les emuen:, dc> mmt:s de métaux. Cl·apr~s.· 

RËGLEMENT RELATIF AUX SUnSTANCES NOCIVFS 
P/tt5ENTES DANS LéS EFFlUE;"lTS IJES :\ll:-iES DE 

MÉTAUX: 

Tj"lQbri~i 

l, Ce règlem~nt peut s'inti~uler: Rier.".6t,f.Srll' Irl t!J7u,,,tI 
liquidls d*$ ",fila d6 Mitaux, 

/nr"prifatiolf 

2, Dans ce l'~glemcnt. 
.chantiero comprend tout le terrain et loulles tr:lVô1U~ servant 

ou ayant SCll"Vi li l'exploitation minière 0\1 Il b. pr':?3ra::,," du 
minerai ct comprend, $<lns limiter le sens gço':r.1 de c: qui 
prétèdc, les mines soutc:rraines ou à c:.ic:1 o~vcrt. I:i--~ati­
ments,les aires de sto.::.bsc: du minc:tai,/es terrils, les détl'}ts 
de st~rilcs et les étangs de trallc:rnellt, ~bar.dcinnës Ol! nO!1 • 

Ics secteurs dégagés ou pcnu,bÇs adjclC:entl à c:c:s c~c!~c;:s. 
les fossés et les cours d'c,,\u C\I piani d'cmu, dont la <!Ul:;tÇ • 
été modifiée p~r l'exploitation nlir.ièr4: (o,,~l'fltüJrt o'/'a) 

.dépôt de stériles. désigne une 3ir~ de décharge, ~e superficie 
"mitée, circonscrile par une fcrmation n:tturcllc ou un 
OUYrlIEC artificiel ou ks 'dcu~ li lôl (ois~ (tlli/ill!;$ imp'J;IIfd-
meillart'a) . 

.eau de drainage superficiel. comprend tOlite cau de ruisclle­
ment qui coule sur un ch3Rticr mi'nier cu cn provient ct qui 
de: cc fait est c"ntaminée; (SI/rfact' drainagt) 

.Ech~n!llllln compo)itc. dàsip.nc . 
Il) un volume d'cffluent non dilu~ co,"~ê d'a;, l'noins 
trois portions ésalcs d'dOuent ou de troi~ purtioM rrc;x>r­
llonnclln :lU débtt, rcèyc,llics ;i des illlcrva.!lcs de ICI':lf'S 

sensiblement é$:lu:\. renllanl une pMoc:c- d'«h"r.tllio>n­
page d'au muins 7 hcurc\C1 d'''1l "hu 24 !lcur.:\, uu 
b) un volume d'cmuent ~on d,iué prélcvë de f~çon co"I;­
lIue a UI1 d':bit C\ln~t:lnt al' l lin d':bit ptc'r<'r:io~r.cl ;J 
cclui de l'dnuent, pendJnt'une r-:riOtlc d'é,h"',hllor.r:,l/lC 
d'JU moins 7 heures c;t d'"u l'lus 14 heures: . 

(roll/po.litt' sclmp'~) / 
.c!chantillon pris au hJ-.Jrd. d~,,~ne un volu~ d .. :tTtll~nl nNt 

dilué rccuc.Ui ;\ un nlOlu.:nl 'Iud.:.mquo:; (J:r .. b Ju",pl,) 

/ 
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"expanded mine" mClns 3" I:xislin, mine 11131 ha. incrcascd 
ilS l'rlldu.:ti\Jn rate b)' mor~ Ihan JO' .. of Ils rei~rcn,'c mone 
production ral~. (/."lIt à pm,)", III;" ucau ... ) 

"linal duchar[!c pOint" me~ns the pUlnl beyonrl ... h •• h the 
operator of -.a mrne c~crclse~ ·no f\lrlher contrul owr ~11 
emlltnt. (po:nt d,· '~kl final) 

"gold mi~e" me,n, n nlfnc wh.:ro: Ihe g,t!d produ'crl from Ihc 
min.: is recu\crld ln IÎI\! oper .1I:on .arc~ by t~c proccss of 
cyanid~tl,n ;tnd a.euunl> fur mJre Ihan 50t;( of Ihe \dlue of 
Ihe outPUI of the nunc: (min ... J u,) 

"grab sa ... "I,," meJIIS 3 quanmy of um!Jluted effluent collcct· 
cd :l.t .,nv given lime; (ic'holl"l/on pm au /tala,dl 

"m~t31" includc.\. antlmony. b:srnuth. C!ldmlurn. eob !It. CoppC~. 
chromlllr." gold, iren. Ie:ad. marneslum. mcrcury. lIIol)'b· 
denum, nic'<.:I. niollium. silver, tuillalum, tin. th\lrrum, 
titanium, lung:ilen. urJnium and 111lC. (métal) 

umill proccss emuent" mch:dC'\ tadln" ,Iurnes and ail (lther 
effluent dlsch:lfl!cd Irom :l mllllng o"':'.1uon, IrfJ1u&'IIIs des 
insrallal/oTlS d~ prlpafulion du mur~roi) 

"minc" includcs ail nlctal mmin!: ~nd millins fcclhtlcs Ih.lt arc 
usee:! la "roducc li rlletal cor.centfatc or an Ilrc from .:hien a 
mct~1 or mctal conce:\lralc may Ile produecd .\!Id ail 
associaled smchen, pclle!ILÏng plJnt., .intennl!· plants, 
refincrie., 3cid pl~nt~, lIml :tny .imiJu c~alJ:t",,>jo'/I~r: any 
cfflucnt from SUC!I op~r31:ŒI lS eomb:n.:d Illiti"Œe cfl1t.:enlS 
from mming and milli:u;: (mlll~) \ 

"mlnc watcr emuclll" mcans w(,tet pumped or nowing OUI of 
an)' underground workmgs or open pit; (è/j1umls d'rau 
miniirt) 

"Minist~r" means Minister of the EI!VI'OnmCnl; (Mlnis/,.t) 

"new mine" mca", a mmc that I!ld nul SI."I commercial 
, production pnot 10 Ihe d.·te of co'tuns inlo forcc of th~e 

Regulations an-i !hal commences comlll~rci.11 p:oc!ucllon \ln 
or afler tb~1 date: (mil1r nO/'IJ('/lt-) 

"operalion arca" Inc!udcs .111 thc bnd ~nd worles that arr u~c'd 
, or have becn med ln CO'JU~CI:on ":1", mlDlOg or milhng 

aClivily and; withoul linl'ung Ihe lW~Lr'l!ily of Ih: ro:~;o-\ 
inr,. includes "l'en pliS. uncergroullo JOlnes. bUlldrn~s. or,\ 

d'slorage ~rcols. nctîl'C ~nd all:,rdond "aste r\là. !lump., 
aCli\e and ab:lndoflL.! I.fflrn~) IInl".un~m~nl ~rC.IS Jnd trcat. 1 

men! ponds, clt ... .lrcd "r ,l)_turhef.! are.l< .1dJ,lc~nl 10 lh,'s; 
places. ~Iructurc< 01 ~rc~\ :lRd dllLhoo, \\Jlcrc,}U"=' ur 
"':11er bodlC> the lh.II.I~lcr ... f "h,~h h.l\c becn ,·ltcrcd b\' 
minl"j: ~Clt\lty. (r.~an(".r) 

"rdcrcnce mme proJutl.on r.'lc" mt.I/I, Ihe ~r,.lIcr of Ihe 
dc(ij:n rated or.I.,t)· .Ind the fi' ""lIcm J\U ,~c ~r.r",1 
rrodoLlfon rate e\.r .ch,c\'cd d\lrfl'~ 1I1~ ''l'clllln; lofe t'f J 

mÔn\! r(JGr lU Ihe ,"Ir or cumIn"!, Il''(\ 1.\lCO: "f l'IL-C Kt'I'.,I.I' 

lions: (')'/h" .' -,l,' l''''''''' ''''" r! •• :.'f. r,·' .• d 
"rc(\f\i:ntd m:n:;:U nll! 'n .. :! l'li le tl, If h.'.umc~ rn:-:.f, C'·,-ln t.'n or 

:-f:er the rl"lr ôf ':0111111' Irl .. ) (ttr.:t tif tht·'c Rl".'IJ'.\t'On\ ~\nd 
lh:tt h.ld Ih..1l l'.!.!fI111 lli;tr.tlI1Ja !I,,'r' nh'.L: IJ1.1n :\\U mo:,!f';, in 

- Ihe I"ehe "·,,mll pcr.,.d Il:IlICLlIIICh prinr 1<' ti'; ,latl of 
c:om'''l! HU", rl'r.:~ l,r lh(,c Rc~ul.lh1n,. t, '11111,' ,,'n,,'" "'j 
r '<l'IIIIIOlIl)/r) 

hsurfacc dr~mJj::"" Ir.du.:c~.all -uriJ~C 'un·orr th3t n""s ('l'cr. 
lhroullh Or ouI !~c "r:r:,:,oll ure.1 l'i Il n'.lIe ~nt! th .. l Il 
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.ernuc~t. clllOrr.:r.d «, c,r.ucnls Ù·C."I 'lI'lIi~re. Ic:. t:!nll~nl\ 
d~; 1f,.IJII:lth'II<!le pr';;>.:r.all\/II Cu lO,no:r .• I.lc< e//lL :ntl d~j 
dépôt, de ,ténk,. k, cmOJ.!nl\ ,!c, ':1.,"1" lib de. 11l'IJI'3· 
l,on, de Iral\':"'~111 c. Ié!< ':3U' ,1 .nfll.r.'llon "II tic ,', .. in.::'c 
<ul'erÎIC,d. kfJ7rm.1l " 

.efOu<"11 ù'CJU mlf.·ère. Ik"l;:le ,,; C.llJ~ "orlllée:. ou r.jct~ 
l''r u~. m,ne ·~.I~rralr.c ou J Cid OI'\Crr, (mm .. "a/r, 
l'/.fl~t·ull ' 

.effluents Q.=" Ir.s:.lI!J\lnns r!c rr~"~raiiol' 1111 :nin.:n:,ô' com· 
r~Lnd I~ b.>u\!< >t~.lk ct \:.Iut 3Jlro: .;'t~l'~r. rejetés :\ Il 
suile d~:a Ilr':(:~I""Jn t!u nfl'l~r.;:. (mû! l."oeUf <1fi:/mll 

.él~nB de ira!tem:',!.III')I;'~O: ur ·.:a:t': I;nc bg:Jnc ou l(late 
autre LH:nduc! rc .. :;· ~~ ay!rc qlJ !Jn..AI~~;..)r ':c! ~·:rj!.!s et sCh'~nt 
au tra .. ~rn~:1! <! L, crnu'-n~: (rrllllll/rl'/I"."':) 

.Lol> d~'.l!r.C !J VII slfrlu p':d'~"c~. (.",t) 
.matlère tolde en s'Isr~nsion· dt~,~"~ Il., Nsidu no/\ filtré 

provenan! C::: l'c' ?IOIINI:J'l a'ur~ nin; CI cc~!cnu C:<l1IJ un 
cffluclllliquide c!: IJ ni, ~.:: !lo'!!f .11I<i','n·h,,\ I/ICIl,''') 

<métal. cQl1Ip::nd l'~nl',n'>r.'1c. le bl·r~I't':.· le cadmium, le 
cobalt. le c\I;vr:. le ~i;rv·nc. ,'Oi, k frr. 10: r·!cm';l. le: m~,;na. 
s.ur.>, le mc'cure, 1: m)') :.~:n!. IL n':"el, le niobiùm, l'ar· 
gcnl, I~ 'alliale. le ur. 1:: 1 !10:'11 'l'. :-:: li!~nc. I~ tunllst:nc, 
l'urani~m et le ZinC, (/retr.f) 

-nOlr.c. CJ~lp;Cn!: i'Ln.cmbl·: ceS ins:~ lloi!i(l:l~ d'C/llfl<:tion cl de 
préparal,c.n cu n'Ir~rai. j)-c:':J13rtnt ." co,:c;l'ré mélr I!;c:~c, 
ou un In.icrai ~ r:.rur t!J~!,.d on :l!UI o!Jr~nir le méta! ou u' 
conccnlr~ ct tOLICS le. in5t311~t'on~ Cl"nn~~es. fonéeri~ 
dlelim de: bc:"cla~e Cil èo! fnttac=. t~~jjncries. fabriqua. 
d'aelee cl outre; du méme i!CIf'C, dlmt les eflluer.t.s $C 

combmcnl à <-CCA l'cs Jr.S!:lhdtIOf'S c'c,trachon cl de: prépa· 
ration du mlne:ral, (mtn~) . 

.mine:\ proguclio, aee cC'· '5':~igne une min'! exht3n!e c!,onlla 
pro~ucIIYI:: a él~ d~r.:ra: d:: :;lu- ce Je'. ;lat rappor~ A so, 
rythrne I!e proc!uc·IJ,l:i~ r~:( r :r.c~. (rxpur.dltf ml,.t) 

-mine Cr(1" rléslg!'c ure !l'in.: c·ù l'or orcduil cst récupéré sur le 
chn:J\II.r p3r C~l'lur~1 on c~ o:oo,:;:"c p!LS t:c la mo:tl: '.!e la 
va:eurèe IJ prœ!.l':~.c~. fg::.ld ml/l~) 

_mine e.mram('. dés'gne toc mire t!ont la procl!c:tion ir.dus­
Indic a débuté ~\'dnt I.~ datc d'entrée cn vigueur de ce 
rèrlct:lcnt CI a Cil: m'.r.tcr.uc ren~~I:t au moins deux l'lOIS 
a~ cou~s c.fcs dou1e ",o'~ aydnt rr~~<'dé imtntdi~\Cln~nl «Ile ~ 
ùatc. (rxuu,.;: /.l//I~) • 

_m:ne n",lldle_ l'é'l~rr une mrne do"1 1 .. prodcctio~ ir.dus· 
Inc'Ie N" i>u:': i ou ~(rës !.a c!~'c d'clI:r{e Cil vigueur de co: 
rc!rlel'lCnt. IfI"" /111'11') 

.mm.: rein"c cn c",'·,.t"IIO/1' ~~s·r.n, un: mine donl13 l'rO<lue· 
tlon .1·t!l)rI:' j, "li Jl'rl.!'; '..1 t!~tc d'entrée en viBut'ur 'le cc 

rç!!I:·.I.:~t CI qui n'~ p" él': !Xi'l!!!lt';, j1::nd.'nt l'lus de t!cux 
mOI~ '!u cour~ L'e, d,lU c nlO'!r.. :l\, nt p~é('r.!dc Immédiatement 
""It~ da!·:, (r,'''f'' /., tf 1/1// C') 

.\ilm,·r., J(SIt!I'" k Imr.._ac CL rrll"lr"nnemcnt, (MI/II''''') / 

.nlo>'crll', ~nthm::I\Juc, t'!s.>:.1e .~ v~I<lIr mo)cnnc Ides (t'n· 
C~Jlrr.ltllln'\ Û.l')\ le"" LC'l..1ut'l!on'o. (.L)·!1ro~:tc:o' ou Pli' .1U 

l'3':l1d. r:cuc.t' , l"It. ~~ 13 1"~II"dt de t(m!l~ iR<!'q"~c i 
rdrfldc 7: (&"rt.'IIIIL"/11. 1II~lln) 

JIll'" <:J'h,;. oIlJIi(·c "n <Innenl :JUlfurl ,lUl'Irr.C addllion d'cll 
n'a cl" fJI.I~ 1 r,fl.'I .• I:I\l':UI. ar.n Jc ~,,:,~fJ'I~ JU\ hn:II~' 
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conlaminalcd a$ a r.:sult of nOWlnB Oler, Ihrough or out of 
lha\ arca, (rou de d,u,,:u(t $upcr)iertl) 

"I31hngs IInpoundrnenl arc," means 1 hmlled disposaI arca 
Ihal iS' confincd b) ntan·made or nJlur.a1 $lrUelures or by 
both; (dipJl d~ lt~nlrs) 

"Iolal )usJ'cndtd limiter" mCJns Iho: non·filterable resldue Ihal 
FC$ults from the uJ'crall\ln u( :1 mine, that i. COnlJlncd ID 

bquld c:rnucnl from 'Ihe nunc: (lr/U";", tOla/e' t'n 
suspension) 

hlrealmcnt pond" .mcans! a ~nd. lagoon or olher confined 
arc:!, olhe! than a talllA).!5 ImJ'oundmenJ area, uscd to treolt 
an, .1uent; (bullg dt' "allmlrnt) 

-:~nt!,lutcd" 'mcans nOI h~vinll ... :1Ier (fdcd J'rimaril)' for Ihe 
purpo~c:~ of mecting Ihe hmlls 0 aUI~~ued deposi~pre· 
scribcd by s~tlon 5-. (11"/1 Jllue) 

ApP',ca,iOll 

3 Thcsc Regulalions ~pply to eYcry ne'" mlDe, cxpanded 
. mine and rcopencd mlnc. other \han a gold nU ne, 

Subsranrts P,.cscrib,d as Dt:lclt"o/ls Substancts 

4 for the: purpose of puallraph (c) of the dcfinition 
"deleterious 5ul»\3",:e" 1ft iub.tetion 33111) of the Act, the 
follol'.ing sU~lances froni Ihe opc:raIiQn. or' prOllesses of à 
mine 10 whkh.lhesC! Regulations apply ~rc hereby prcs,ribed 
as deletcrious substances; 1 

(a) arsenie; 
(bl copper; 
(c) lead; 
(d) nickel; 
(e) zinç; 
(f) lolal suspended m3\1~r: and 
(g) radium 226 

Aurho,/UJ D~flOS" QI D~rt!lt,louJ Sub;,anul 

S. (1) Subjccllo Ihe~ Rc~ul3iions, Ihe operator of a ",ine 
may depo~1t a dclelcriouuub~I~C pre>Cflbcd by SCCllon 4 l' 

(0) Ihe monthly arithrncne mcan of Ihe concenlration in 
c~ch urdlluted dnuenl of lhal substance descnbcd in an 
Item of P;Jr~ 1 of Schcdule 1 docs nol c~~ccd the concentra­
tion ln co!umn 1 or lhJt Ilcm and Ihe m<>ntbl) amhmcllc 
me~n pl t of Ihal emllen\ 15 not Jess lhan II\!: value ~I out ln 

'column 1 or'Pari 2 or thJI ~chedule: 
(/» Ihe co,iccnlrallon IR a comroslte salnple of C;Jch undllul­
cd emuenl of IhJI sub,tancc ucscrtbcd ln :In item of ParI 1 
of Schedulc 1 do:~ ",,1 ,,\~cd Ille con"ntrallon ln column 
Il of Ih,lt lIem and Ihe pli of Ihe: compo\llc sample 1$ nOI 
le.\ !lun thc \3Iue: SCI OUI ln column Il or ".trI 2 of Ihat 
schedulc, .lnd' 
(cl 'Ihe e\\ncenfration in a ~rab sample of cach undllutcd 
crHucnl of Ihdl sub,tancG' dc,ulbed ln an ilem of l'art 1 of 
~ch.:.!ule 1 d.lc~ nol C\c~cd Ihe cum,enlrJIIOOl IR (olamn III 
q' Ihtl lIenl and,tpc pU of Ihc Frab ,am"le is nUlle,s Ihan 
Ihe v .. luc:. )cf oui in ("Iunln ""U{ " .. ri 2 ur Th.al sehc~ule. 

(.l) 

prcserll .. à I·.ar~iclc ~ ,-U $Ujcl dc' rCjcb aUluri~ 
(u"J,IU'td) " 

.point de rçjctlin.ll. d~~lfnc Ic POI"I ~u·dd;i duqucl 1"c:'r,.,j·1 
lanl d'une nllne n'c,cr~c "Iu, •• ueune Innlo.:n,'c <ur la qu::III~ 

1 d'un ernucnt, V",ùl .11\. ;'lIr):<' 1'/'1/11) 

.rejctcr. sIGnifie dépv-.cr nu r~rmeltre 'lUC '011 dc!~ unr 
~ubslancc &J,,"\ dc> 1!~U\ pl>r,wnneu'es, (d,'pmi,) 

.rythme: de prOOUCIU)n d~ rt:f.:n:n.::e. dé.i~nc le r)lhme: ma,,· 
mal de productiun thét,rrqul' "u. ~ ',1 N plu!> élevé,le r"lhm.: 
mo~en m~ximal de pru<!uctloll annu!lIc oblcnu .lU cours de 

,la durée d'c,,,I,,n,i110n d'une mlRC, 3'.Inl la d,Ile d'cntrée: cn 
Ylgueur de cc rè~lcmcnt ('ej~r,·,,,,, n/lllr production rau) 

Applit:tJrioll 

3, Ce règlement s'ap~!Jque il toules Ics mines nouvdln. 
remises en C'lplortatisn Cl à pn>ducllon accrue. ~ur lei mines 
d'or. ' 

Substances 1klar;~J nocillt!s 

4. Aux fins de l'ahnéa t) de la définition de .substance 
nocive-,:lu plr3grdp~e: )J(ll) ùe la Loi,lcs subslances énumè­
rées ei-après provenant de> opérations ou dcs procédés d'unD 
mine visée par cc règlement sont déclan:ci nocives, 

a) l'arsenic; 
b) It çuivtc; 
t) It plomb; 
d) It nickel; 
t) le zinc; 
/J les malières 10lales cn suspension: CI 

,) le: radium 226. 

Rejt' Quro,is; dt Jubstallcts ,,«[y~s 

5, (1) Sous :é~e~~ ce règlemcnl,l'cxploitanl d'une mine 
peul rCJe~cr les substances déclarées nocl>cs' li l'~rlldc: 4_ ! 
~ondillon que 1 

al la mo)ennc afllhméllquc mensuelle dc la eonc:cnlratioh 
dan~ chJque ,f!luc;nl 'non dilué de chacune des sU~lar:.;es 
méc:s dan, un article de !J paroc 1 de l':mnexe 1 roc dép:lS$C" 
ras la eOnCLnlrllion indlquë.c par CCl article dans 13 colonne: 
1. cl que 13 ntO~ enlie 311thméu4uc mcn,ucllc du rH de CCI 
efflue:nt ne snll p3S ,"f""cure :i la vJlo:ur mdlqu':': :l Il 
eilionne 1 de la rUlic 2 de 1',lOnc~c. 
b)la coneenlratlon de chacune dc:s sub~l~m:es Visées dans un 
article de 1.1 pUlle 1 de l'Jnnc",c l, d.lns un échantillon 
compaslle dc,th~que crnucnt· non dilué ne dépme: pas L1 
concentration In<.hquéc rar ccl article dans la colonne Il, ct 
que le pif &Je 1 cdanllilon compaslte ne \oit pas Inferieur ;1 
l~ Ylilcur IAd!quee: li 13 col\lnnc; JI de 13 patt.e: 2 de l'annelle; 
cl • 
c) 13 eOnCcnlt3110n ,de Ch3Ctlne des. sUb\l~nee5 vistes dans un 
aruçlc de la p.\rIIC 1 de l'annue 1. d~n\ un fehanltllult pri' 
lU ha$3rd de ch •• que cfOllent non c!llur: ne de"Auc pu b 
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(2) NOlwiths,a~ng submtion fi), the opcr:J!e>r of J mine 
may dcposit Ihe dCI~ sublt.ln~r:s prclcnbcJ b} scction .. 
in any quantit, or conccnm:llon imo ~ bllml!' lmpou~dmclll 
.rca desj,n;lIed ln '''lIlng by th. ~lIntster 

ADDITIO'lAl CO:-:OITfO"S OF AUTHORI7 A no .. ' 

Gtnrral 

6. An c;JCrator or .1 rnine ,hall 
(a) install ard mOlnlam facilluC$ of SU th I)re as the Minis­
ter May in wrilang a ;>prove (or samp"n~ ànd an~I)Slng 
effluents for the purl""~ of .nabllng the Mml,tcr to del.:r­
lIline ... lreth1:r the opcr:lIor 15 complYlll8 wllh the hmfts of 
• uthorizcd c!cpolits pr':$crabcd by scéuoll 5; 
(II) taJ(c grab or compo\lIe samplc:. of cac:h undilutçd ernu­
cnt al its final dlScharge pOint on the regular basls pre-

.• cribcd by scellon 7: -
(c) an. lyse the s~mples r.f.rrcd to in paragraph (II) on the 

"egular oosb prescnbed by,ectlon 1; 
(4) "bere poss~c me:1surc or ln any other case estlmate the -
volume of cath undllutt:d effluent deposlted pcr month at Ils 
final discharge puint on the Icgub.r basis prest:nbed br 

, .t(!iOR 9: and 
(1) I\ithin 30 days aftcr the end»f each month, send ta the 
Mini!lCT Il report, in. Juch form as the MIRlSler may in 
writing IIpprove, containing the mformallon prescribcd by 
aectÎoÎllO. 

Fnqllrnq of SampI/nif and Arralysis 

7, (l,) Subjeçt to subsection (2), the sampllng and analysI5 
, rermed to in p3ragrnphs 6(~)'nnd (c) shaH he made 

(a) once: Il weck, where the arithmetic mcan of the concen· 
tration JO undlluted cmuent of a substance describcd an an 

-item or Scbcdulc 2 ln the immcdiatcly prccedmg Sill /lIonths 
",as cqual tO or 8rea~ than the :lrllhmetl~ mcan set OUI in 
column 1 of th3t item: 
(h) once: cyery two weeks. where the arithmctic me:!.n of the 
con"ntralion in undilulcd emuent of a sub~tJnce descrabed 
in an item of Schedulc 2 ID the Immcdlatcly prcccdmg Sil 
lI'Ionthl WU cqual to or greatcr than the anthmellc mc.1n $CI 

out in column Il of th:1l Item but Ie~$ Ihan that Se:I out an 
coluron 1 of that item; -
(r) once li rno.lnth. whcre the aritltmetic mean of the concen· 
tration in undlluled clOuent of J sub~tancc dc>cnbcd ln an" 
jlcm of Sehedule 210 the: immcdialcly prcccdang Sill months 
WlIl cqu31to or [!reJtcr than.the nfllhrneuc mean sel out ln 
column /II or that lIem but Jess thJn Ihat ~ct out in column 
JI or Ihat item; 
(cf) once evt'fl' si. months, where the :lrithmellc mc)n of Ihe 
concentration in undlluted cmuent ul ;1 sub)tance dcstrlbt~ 
in an item or S~hcdulc 2 in the ImRled'Jt~ly prece(hn~ .i. 
mORllu wu 'dS than Ihe anlhmchC medn ~t ouI in ""Iumn 
III or thaillem, and 

! 

670, 

cbnFcntratiOllandlqu':e: r~r cet Mlld~ d .• n' r,. e"!,'nr, 1 I! .• 1 

qucle,#" dCLclcch,lnullvn ne ,,)II 1'.1' Inlé~lL"Jr ,l, \ !' •. ' 

indiquee â la colonne III de Id pMII': 2 dc l'Jr!f'':'. 

(2) :-Ionob'I,'nt '" rar,l!!r,lrllc (Il. 1\'r11ll1.l'lt .J l'" Il -. 

pc..ul rCJct.:r n'Importe: quell.: 4u..ln'iI[C nu ~\'"\.':lllr 1:.1,,, l~': 

SUbslJncc'\ nJ\.I\~'. \ls-êc' j r.trlld~ .;. dJn\ lin 'h.·("'·'l ,It 't ... I~'t 
que It M im,trc a déSigne P,lI écnt 

• 
CONDITIO'SS\.ppll \IL"TAlKll> Il \\ ,.>l'I''\TIO'' 

Disposlllon g';"ù,,'" " 
6. L'exploitant d'une mine . 
a) Inslalle CI entrellent le> apl'.lrcll, d .::dl.ln:llll)lIr~,·~ <': 
d'analyse dcs dOuems que IL :"ini~rrr J :,prJ'-''''c, 'lg ':ni 
cl qUI permettent J CelUI'" de ju!;~r 'i Je- 1'111' tc~ dc • ;.'e! 
prescrites à r~rllClc 5 sont mp.:èt':cs . 
b) prélève des éch311tillons CompoSlt~' ou pn- :!u hOIJrr' è; -
chacun des emuenls nOh dllu':, il leur poont d.: rejet 1"1:.1! 
aUK rréquence$lnd~ftIÇ\e 7. -
c) analyse Ics échimullons.~ :l l'alinéa b) aux rréqucno;c. 
indiquées à J'arllél. 7; 

• tf) lorsque c'est possible, m~urc ou, dJns hlUS les autre' C~~. 
évalue aux frequences indiquées il. l'arllcle 9 le \ulume cI<s 
reje~ mensuels de chaque emuent à son point de rejet :1'1.11, 
ct 
r) dans les 30 jours de la fin de chaque mois, COIOIe au 
MmiMtC! un rapport, ètabli suivant un mO<!~le qüc celui·ci a­
approuvé par éerrl, contenant les rcn~elgncmcnls plé, u; à 
l'artich: 10. 

. F,;qu~~ tr)ChtJftrillOnlfDgt! rI analyse 

7. (1) Sous réseJ'\'e du p)ragraphe (2), l'i!ch.lntil!on:tagc Cl 
l'analyse visés au~ alanéas 6b) et c) ont heu ' 

a) chaque semaine. SI la moy~nne arithmétique dt:s ~o~ccn­
trauons dans l'cfOuerrt non dllu': de: l'une de. sub':Jnccs 
indlqu':es à l'anne~c 2 a çté égale ou sup.:ric:u;c, au coors 
dès SIX mois précédents, la çelle de la colonne 1: 0' 

b) loutes les d.ut fem.lines, si la moyenne :lIIthm':lique d-:s 
œncentrations dans l'eflluent non dilué de l'une dc~ ~Ul)­
slances Indiquées à l'ânnellc 2 a été ':gale ou supéneure, au 
coufs des SIX mQIS précëdcnts. l celle: de IJ colonne" unis 

inféncurc li eeHe de la colonne 1: - . 
c) chaque: mOIS, si la moyenne arilhmétlque des conCentr:!­
lions dans l'dl'\vcnl,non dilué de l'une d<s subslance, Inô' 
quêès il l'annc,è' ~ ù él': c!;alc ou supi:rll:urc, au cour< dc< SI' 
01015 précédents, icelle dc 101 colonne 111 111.Il. IOfmeurc .i 
celle de la col<lnllc II, " 
tI) 10US Ics SIX mOIS, SI la moyenne arithmétique de\ t,ln;CII' 
trallons dans l'crnuent lion dilué de l'une des ~ub.I,,':.'" 
indiquées d l'JnnC1C 2 il été ,"(~ncur('l!l'-:iu cour> lIes 'Il 11h11. 
pr~cèdcnls. :l. celle de laculonne III, el • 
,) chaque scmJlhe au cours dcs SIX prC:"!lcn mOIs d'cxph'U;l­
lion d'une mine. 
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(t') on~ a wCf:lt for the: finI sil montM of operation of • , 
mine'. 
(2) The samplin& and analysis of undiluted emuent to 

dc:tc:rminc i\$ pH Icvcl shll be maoe • 
(41) oncc 1 wcele, .,.,here 'he pM of Ihe undllulcd effluenl was 
less than 50 al any lime in' the Immcdlatc:ly preccd.ng SIX 

, months: 
(b) once e!.ery two wecks, .. hcre the pH of the undilutcd 
effluenl was ~twcen $,0 and 5.5 al any lime in the Immcd.· 
atcly preccding six month!. ' 
(c) onCe a month, whcre: parag~aph (a) or (h) docs not 
apj)l~ \lr 
(d) ollte a wc:ck for the fini SIX months of opera tion of a 
mine. 

AM/yUcal Tell Md/rods 

. \:"J S. (1) For the purpoles of section S. the c:oncentr.ltion in 
undilutcd emuent of a subst:1l1c:e dcsc:ribcd in cotumn 1 of an 
itc:m of Sclmlule: J shall he dc:tcrmincd usmg --

. (a) thl: tesl mcthod rdcrrcd to inocolumn -Il of that item as 
modificd by the directions in çolumns III and IV for p~' 
dure and sample preservation respccuvcly; or • 
(h) ally ol'her mcthod, appfO\ ed ln writing by the Mi~jstcr, 
&bCJ rc:sults of which can be c:onfirmed by thoc m~lhod 
rc(crrcd to in paragraph (a). 

(2) For th~ purposes of seétioll S, tbe pH of undilutecl 
eMucnt shall he detcrmincd using 

(a) the test melhod prcscnbed by seclIOn 22\ bf the publica­
tion ·Standard Melhods for the Examln:ltion of Water and 
W .. ste Water", I3lh Edllion (1971), publishe<f Jomtly by the 
Amcric:.lD Public Health ASSOCIation, .American Water 
Works ~iation and the Wa,Jcr Polluliôn Control Federa­
tion;or 
(6) an,)' other mcthod, apprend in writing by the Minister, 
lhe ~\lI\S of whlcb can be conlirmed by the melhod 
reCened to in paragrapb (a). 

Flow H~asUl'~n'tn' 

9. 'The measurcmt111 or estimai Ion of volum~ of undilulcd 
cfOuent refcrrcd to in p3faSr~ph 6(d) slrJlI he m~de munlhly, 
~nlcss the lowcst frc:quency oC s~mplmg and 3nalysIS pre· 
"ribed by $UblCCllon 7(1) is cvery m months. IR whlch case 
Che m'easurcmcnt or cstlllUtioQ shall he made tvcry' six 
montbs. 

Rtpo"illl 

10. A report referred ta in p3ra~t:lph 6(,) shall eO~a1n the 
'01l_iIl8 in'orm~lion respcCllng thc ",onth in rc:sJ'Çcl ar which 
,he report j$ m~dc: , ' / 0 

(Il) the arilhlllede mcan conccnluhohS J.i~lilbgrams pcr 
. liter or piçocurie:l pCr hlcr) of the deleteriolls sllbslançcs. in 4.. / 

·fSI " 

/' 

(2) L'analyse ct l'échanti.llor.naFe d'un effluent nOIl l,hluE 
pour détermIner son Ol\CJU pH Ilnt heu 

0) ch~que semaln~. s'II .t élé Inr~r:eur à. 5 0 ~ UII momen\ 
quelconque durantle< SIX mOl'yrécédcnts. 
h) IOUles Ic~ deu, SCDlaIRC~. )'11 J ':t': entre 5 () ct S5 :i un 
moment quelconque <lur Jnl le. Sl~ mOIs préc~d~II\': 
c) chaquë .mois., lorSque les. alinéa, a; ou b) ne ~'~pp!tqUtl\t 
pas; ou , , "-
tf) chaque semaIne au çours des SIl prc:mle\') mUls ri'e~ p:OI' 
tation d'une mIRe. 

Mirhodts d'~;uQI onoljliques 
1 1 

8. (1) A"~ fins de l'article S. la concentr3tion dan'S l'effluent 
non dilué d'une des subslances ~i~éef_lI3.....Co1a~~~\C",,===== 
3 sc détermine 

41) par la méthode d'cssai visée:i la colonne JI, modifiée par 
les indications inscrllu aux colonnes III ct IV. rclalivcmént 
au mode opéraloire et à la conservaI ion des échanullons~ ou 
b) par toute autre m~thodc. approuvée par écnt par le 

. Ministre, "don! les ré!ultats peuvent être vérifiés' par la 
~thOd!Vis~ A J'alméa a), 

(2) Aux fins de l:articl, 5, le: pH de l'effluellt non dilue se 
d~terminc ( 

D) par Ia,-métlmde d'essai prescrite à la scction 221 du 
recueil .slandas:d M~lhQdJ for rht Examina/II'" of Wartf_ 
anti IYasr, War,,.., 13' édllion (1971), publié conjointcmenl ' 
par l'Amtriean Pllbite Heoilh As:roc;arton, l'Anrc"I'/can 
WaUf Works ASsoc/tlfjon e:t la Wa," Pollution Con/foJ 
F~deralion; ou ' 
h) par IOUle autre méthode, approuvée par ~ril par le 
Ministre, donl les rêsultats peuvent être vênlih par la 
mflhode..viséc: j l'abnélll). 

Mt$urc$ du débit ' 

9. Les mC$ures ou les éV:lluations du volume: d'efflucnt non 
dilué vise à l'ahnéa bd) sc fOnl mensuellement :l mOIns que 13 
rréquence minimale des tch~nl1llonn~gcs ct de& anll>ses Nes. 
aits au parasrnphe 1( 1) ne SOlI tOIlS les Sl~ mois, auquel cas, . 
clics 50l\t trre""é? àÜ!e (ré~ucntc. 

RDPPO" 

10 Le rapport visé :ll'alinéa 6;) contie'nt les rel\~j8ncmcnlS 
suiv~n!s pour le moi\ auquel Il sc r"prolte: 

'D) la moyenne: arithmétique' des concentrations (CI" milli­
~rilmntcs ou cn pic:oc:urJes par htre) ~cs $UbSl3ncrS noçi\'es 
dans cha,!!uc !=ffiucnt non, dIlué ~cJeli:, ct I:a nlo)cnne ôlmh. 

611 .,. 

, 
-7~~ 

·l 
! 
i' 



, .. 

""''''~ " .. ~'( 41 r .... ·'!'..,tl'~ .. ~-y~" '" 'IIIP;t'~ .. }'.""'~": \t"~,,""h~_~"~''" 9 ..... 't,;,: ....... ~"~~"H~f....,.l.: ..... Ni~fH' .. ~.'f..,. ,....~'>l,,"'ft~~~,'"i~~~~~~~~~b1~ 

c 

\ 

( 

1 .. 

li 

\ 

, . 

.. '-

\ \ 

94. 

/ 

(, 
\ 

'/3/77 CII/lqdo ao:"" l'a"II, Vol. III, No. j GII:rlle 114 Cllnat/II Parlir Il. Val. l' l, N" j SOR/DORSI77-.78 

-cact. ~ndiluttd ~r~ucnl deJlC'SiI~d and t/lc arilhmetic 'an mélique du pH de c;haquc CmUcDl non dilué rejeté: 
pH llrDndduted erouen!s dePll\lIcd: \, b) les concentration, de subsl.tnces nO<.:I\':s Il.1"1 tous les 
Ch) the COIIecnlr:1lions of dcled~rious sub,unccs in ail iam· • échdnlillons a)ant se~1 ,lU CJlcul de 1,1 mo).:nnc arilhmEt.· 

-p1cumd to determine thé ullhmetlc m-CJn concentrations que: dc~ concentration' .. ~éeJ l'alinéa al. . 
rcCcrrcd to il\ pllraaraph (al, (') le pH de tous les échanllll,,",, J'an\ \crVI au calcul dc la 
(t) the pH or ail sa.mpt.:~ uscd to dcternllnc the anlhrnchc moyenne :wlhméuquc du pH 'bée a l'altncJ 0), 
mcan pH rcferrad to in parasraph (a). If) le yolume (en gallons infl>~rJau, rdr m",,) de chaqu~ 
(4) the yolume (in Impenal gallons pef monthl of ca ch effluent lion dilué rCJ~t':. ct . 
Wldilutod crnucnt depomed; Qnd 1 t) le type: d'é~hantlll\ln (comprIme ou pri< a~ h:lS~rd) utilisé 
(t) the type of sample colkctlon (comp<lsltc or grab) usc:d pour chaque ernu.nt rejeté. 
rot caclt effluent dcposited. 

1 

P,rm/rrttl Ya,iâtiollS in Addllional tont/iriolU 

1 J. Wb~re the opir:Jtor al a mine eSlabhshes la the satlsrac· 
tion or the MmÎstcr"that for sClcntlfic and leebRlcal rcason_ a 
achcme of samph/Jg and .nal)'SIS, measurcmeilt or cSllriiJt.on 

. or leportins rc:rerred ta lin sCCllons 7. 3, 9 and 10 other Ih.n al 
the re>,ular lime int~rval frcqllcncles rcquucd by tbQse SeC· 

tions, is sulf!(:ictlt 10 enable Ihe MmÎste:r to det~rmme whcther 
the oper.ltor is complying- willl the "milS o[ aUlhonzed dcp<X' 
Ils prcscribed ~y sèclion ~, the MIOIsler may, in 'wrilmg, 
fC'1"it tbe operator 10, \ 

(a) calce and analyse: .samples of cac:h und,lulçd cmuenl in 
accotdancc wilh the schcmc on a regular bas,s spcclficd IR 
the permit, 1 

-(b) IIIC1SUre or estimatt thc volume of each effluent in 
IOCOrdam:c with the sc:beme on a regular ba,~ $~Ificd in 
the permit, or 
(cl report to the Minister in accordance with tbe $Chcme on 
a rqular basis spcc:tficd in ihc permll. 

and scc:tions 7, 8, 9 and 10 do not apply la Ihe operalor If he 
.. complies with the sc:bemc on the rcgular basis spcc:ified in the 

permit 

SCHEDULE 1 

l'AIIT 1 

AVTJ!ORIZED LEVELS OF SUBSTANCES 

CoI_' Colum .. n Colom. III 

", .. ,_-
""lIIoti .... 'Millmum M • .dmum 
Io(-"IJ t_lhoflltd A,nhorued 
ArilIolMtic O"",,".lto""1 CoAcCtltr2tl,", 
M .... • Com~HC' irt.Gr~b 

lunI s.t.,."", Con«"'rlilotl S .... pl. Sampi. 

1. "'IItoie 0$",,'" 07h.,/1 10mlli 
2.\ Coppct O,l "'S/I D 4' m,II O6m./1 
Jo Lèo. o.Zm./1 o J m./I 04ml/l .. Nn:hl 0$ .. ,/1 015 m,/I \ 10m,/1 ,. ZIOC D.S .... /1 015 m./I 10",,/1 

" TOI.II 
. Sv'pr"101 

l'D~r/l ""'t" . )~) "'.11 1 'O'Om.,1 
'J, 1t." ... 216 100 pC"l NOpC.{1 JO,OpC.{t 

~ "OTE: n. ':::=J:'lIrfll'" .'C ,ite ... "tot •• nlun .1.1t IhR C'loCcttl\Jn GI 
....... 226 ..... • d, .......... 1 .... ofl" (,11"'_ ~llh ..... pic 11\, .. ,\ a ) 
~r"'ff. .. 

612 

Dirogarlons aux co{/d"ro'fs sUPP("'"tnraues 

rI. Lorsque ,'cllploltanl,.d·unc mine étabhl :\ 1:\ ~atisraetion 
dl!" Ministre que, pour des raisons sc.cntdiqucs ~t techRlque,. 
un .mode d'échantillonnage CI d'anal~ sc, de mesures ou d·él;j· 
luafiolls, ou de pr~sentalion de rapportS à IIDe fréquence 
d,fférente de celle vlséct aUl :trticlcs 7, 8. 9 'ct 10 suffil pour 
permellrc au Minime de Juger SI les limites de ~jcl prescrites 
à l'article S sont rC$pec:tée~, cc dernier peut autoriser l'expIOi-, 
tanl par écrit 

a) aA prélever ct à analyser Ic:s échantillons de chaque 
emuent non dIlué, .clon le mode ct aux fréqu~nces indiqués 
JIIr Ic perm.s, 1 ~. " , 

b) i meSurer ou à évaluer Je volume de r: que effluent, 
selon l~ mode et aux fréquences mdiqués sur 1 permiS, 011 
0)-" cnvoyer le rapport ail MlDistre, scion le mode ~ aux 
fréquenœs indiqués sur I~ permis. 

clics articles 7, 8, 9 cl 10 ne s'appliquent pas i l'exJlloltantsïl 
sc conforme aux permis. ' 

ANNEXE t 

l'AIITIE 1 

CONCENTRATIONS AtJTORlS!E5 DES SUBST",",CES 

1 

Col ...... ' CoIon.ell Col ..... "'. 

ConcCAlf&tiM , 
"l&lrn~1c Concent,.h ... COfIccnlrod ... 

",lulOlal& 1'fl3J.lm .. k IftIIxuml, 
(1nOJ ..... IvtOf,," da", ."tori,," d"", 
.rilhmlllq ... lin éch.nlliloot on ~.h.nhll .. 

Anidc Su"'b_ menlurne') compllUI "..;1 ........ ttt 

1. Artet,je: O.' "'./1 D.lS m.,1 1,01111/1 
~ C.iwrt 1 0) m./1 D •• ' ""II 0.6",,/1 
) PIol1lb 0.2 ml/I O.) m,/I D." m,II 

" NlChl 0)",.11 O.UffI,(1 1.0 .. ,/1 ',. Z,III: 0) .. ,/1 O." m./1 1.0 "'111 
•. 1 M.hl,. 

faIIl ... 
hlSJIC"'.on l'.Om,'1 ~ J7.)m.1I 50.0 m,/I 

1. a.\llv .... 21' 10,0 p(."1 N,OpC,,1 )D.OpC.,. 

RFMARQUE- Cri co",r".,~ ... ", 'tp~amrlll' 4ri ".tru,.., Io«.aln. s.a.' J'O'Ir r • 
l\alSlvftII Zlr. "' 1 t.:JUftlIUOft 1) .... ' "oI~c,,1 U;" rd:rc j f'HH C!t l mlc,,.,.' 
.. • .. YCrlurc ~tl C"h.te cJltk* .. 
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PARTl 

AUTHORIZED LEYELS OF pH , 
Col .... 1 CoI .... U CoIu_1II 

M.""""", .!\./' 

A.lhot .... !toftntra ... 
MO.IM, A .. lhotlled pH •• M,"u'ftum 
AnU_lCmuft 1 Com"",," AUlhO!'lled pH .. 

r ........ ' pH Sampi. 
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APPENDIX 2. Possible eeonomic deposits for evaluation 

Appa1achian Region 

NEWFOUNDIJùm 

Daniel's Harbour (1964)*: Newfoundland Zinc Mines (Teck-Amax)** 
East (1964): Conso1idated'Ramb1er Mines 
Ming (1970): Conso1idated Ramb1er Mines ~ 
Whalesback (1961): British Newfoundland EXPlora~i~ 

NOVA SCOTIA 

Gays River (1973): Imperial Oil 
Salmon River (1962): Yara Min. (Barymin Exploration) 

NEW BRUNSWICK 
o 

Brunswick (1952): Brunswick Mining and Smelting (Noranda) 
Caribou (1955): Comineo (Anaconda) 
C1earwater (1956): Chester Mines (Conwest) • 

\ Key,Anacon (1953): Key Anacon Mines 
Little River (1954): Heath Steele Mines (~ax-Ineo) 
Murray Brook (1955): Placer Development (Silver Standard) 
Nigadoo (1953): Nigadoo River Mines (Sullivan) , 
Restigouche (1956}: Placer Development (Silver Standartl) 
Stratrnat 61 (1963): Cominco 
Wedge (1957): Com,inco 

QUEBEC 

" 
Cupra (1960): Sullivan Mining,Group 
Mad~le_e (1966): Made.lein~ Mines (McIntyre) 
Sol,bec (1958); Sullivan Minin& Group 

,Shie1d Region 

QUEBEC 
1 

Cooke (1968): Falconbridge Copper (Falconb~idge) 
Copper Rand (195,7): Patino Mines (, 
Corbet (1974): Fa1conbridge Copper ,.(Fa1eonbridge) 
Delbridge, (1965): Delbridge Mines, '(Falconbridge) 

/ -
. /. ,/ 

* _Jrlscovery date. 
~ Parent or .ffiIi.te organiz'ation. 
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Detour A (1974): 'Seleo Mining Corp. 
Detour B (1975): Seleo Mining Corp. 
Henderson (1956): Campbell Chibougamau Mines 
IC9n (1964): Ieon Sullivan (Kerr Addison) 
Joutei (1958): Joutel Copper (Kerr Addison} 
Kokko Creek (1953): . CampbeU Chibougamau Mines 
Lemoine (1974): Patino Mines 
Less'ard (1971): Museoeho Explorations (Seleo) 
Louv~m C!968): Louvem'Mines {SOQUEM) 
Magusi RiVer (19072): Iso Mines '(Noranda) 
Mattagami (1957): Mattagami Lake Mines (Noranda) 
Millenbach (1966): ,Fa!eonbridge Copper (Faleonbridge) 
New Hoseo (1958): New Hoseo Mines (Noranda) 
New Inseo (1973): New~sco Min~s (Noranda) 
Norbec (1961): Faleonbridg~ Copper (Falconbridge) 
Norita (1965): Orchan Mines (Noranda) 
Orchan (1958): Orchan Mines (Noranda) 

'Phelps Dodge (1973): Phelps Dodge Corp. of Canada 
Poirier (1960): Mines de Poirier (Rio A1gom) 
Portage Island (1958): Patino ~lines 

ONTARIO 

Copperfie1ds (1953): Copperfields Mining (Teck) 
F Group (1970): Mattagami Lake Mines (Noranda) 
Geco (1953): Noranda Mines 
Jamieson' (1964): Canadian Jamieson Mines 
Kidd Creek (1964): Taxasgu1f Canada 
Lyon Lake (1970): Mattagami Lake ~Iines '(Noranda) 
Mattabi (1969): M~ttabi Mines (Noranda) 
McIntyre (1959).: Pamour Poreupine ~1ines (Noranda) 
Pater (1954): Rio A1gom Mines 1 

South Bay, (1968): South Bay Mines (Seleo) 
Sturgeon (1970): Sturgeon Lake, Mines (Faleonbridge) 
Thierry (1970): 'Union Miniere Explorations and Mining 
Tribag (1962): Tribag Mining (Teck) 
Willroy (1953): Wi11roy Mines 

MANITOBA lli 
Anderson Lake (1963): Hudson Bay t.-!ining and Srnelting 
Centennial (1969): Hudson Bay Mining and Srnelting 
Chisel Lake (1956); Hudson Bay Mining and Srnelting, 
Fox. (1961): Sherritt Gordon Mines 
Ghost Lake (1956): Hudson Bay l-lining and Srnel ting 
Osborne Lake (1953): Hudson Bay Mining and Smelting 
Reed lake (1973): Freeport èanadian'Exploration 
Rod (1968): StaIl Lake Mines (Falconbridge) 
Ruttan (1969): Sherritt Gordon Mines 
StaIl Lake (1956): Hudson Bay Mining and Srnelting 
Westarm (1973): Hudson Bay Mining and Smelting 
White, Lake (1963): Hudson Bay ~Iining and Srnelting 
Wim (1968): Hudson Bay Mining andSmelting 
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SASKATCHEWAN 
. 

Coronation (1953): 
Waden Bay (1~52): 

Hudson Bay ~fining and Sine 1 ting 
Anglo-Rouyn Mines (Rio Algom) 

" 

NORTHWEST TERRI TORIES 

Hackett Ri'ver (1970): Comipco (Bathurst Norsemines) 
Hood River 10 (1974): Taxasgulf Canada 
lzok Lake (1975): Texasgulf ~anada 
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Nanisivik (1959): , Mineral Resources International (Metallgesellschaft) 
• 

Cordi1leran Region 

BRITISH COLUMBIA 

Afton (1971): Afton Mines (Teck) 
Bell (1962): Noranda Mines 
Benson (1967): Coast Copper, Mines (Cominco) 
Berg (1963): Placer Development (Kennco) 
Bethlehem (1955): Bethlehem Copper 
Boss Mountain (1963): Noranda Mines 
Brenàa (1966): Brenda Min~s (Noranda) . 
Churchill Copper (1958): Consolidated Churchill Copper (Teck) 
Craigmont (1957): Craigmont Mines (Placer) 
Davis-Keays (1969): Davis-K~ays Mining (Kam Kotia) 
Endako (1962): Endako Mines (Placer) 
Ga10re Creek (1962): Hudson Bay Mining and Smelting (Kennco)' " 
Gibraltar (1969): Gibraltar Mines (Placer) 
Go1dstream River (1~74).: Noranda Mines , 
Granduc (1953): Granduc Operating (Newmont) 
Granis1e (1962): Granisle Copper (Granby), 

--Harper Creek, (1967): Noranda Mines (U.S. Steel) 
Highmont .(1962): : Highmont Mining 
Huckleberry (1964): Granby Mining (Kennc~) -"1 
Island Copper (1967): Utah Mines \ 
JA(1971): Bethlehem Copper 
Kitsault (1961): Climax Molycorp. of B.C. (AMAX) 
Kutcho Creek (1974): Esso MineraIs 
Lornex (1965): Lorne~ Mining (Rio Algom) 
Maggie (1970): Bethlehem Copper 

~ Mineral King' (1952): Sheep Creek Mines 
Morrison (1964): Noranda Mines 
Red Group (1974): Texasgulf Canada (Silver Standard) 
Robb Lake (1971): Texasgu1f Canada (Barrier Reef) 
Ruby Creek (1968):, Noranda Mines·(Ad~nac Mining and· Exploration) 
Sa~ Goosly (1968): Kennco Exploration 
Schafto Creek (1964): SiIver Standard Mines (Liard Copper) 
Similkameen (1967): Simi1kameen Mining (Newmont) 
Sunro (1957): Jordan River Mines ~ 

(~) . 'Sustut (!971): Falconbri4ge Nickel Mines 0 

Trout Lake (1970): Newman (Esso) 
V~11ey Copper (1968): Valley Copper Mines (Cominco) 
Western (1962): Western Mines 
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YUKON TERRI TORY 

Anvi1 (1965): Anvil ~ining Corp. (Cyprus) 
Casino (1969): Brameda Resources ctasino Silver) . ~ 
Grum (1973): Kerr Addison (AEX MineraIs) . 
Husky (1967): United Keno Hill Mine~ (Fa1conbridge) 
Howard' s Pass Anniv (1973): Placer 1 (Essex) \ 
Howard's Pass XV (1972): Placer (Essex) 1 

Minto (1972): Falconbridge Nickel Mines (Asarco. SÏlver 
New Imperial (1957): WhiteHorse Copper (HBM&S) 
Swim Lake (1965): Kerr Addison Mines 
Tom Group (1951): Hudson Bay Mining and Smelting 
Vangorda (1953): Vangorda Mines (Kerr Addison) 

Other Regions 

NORTHWEST~ TERRITORIES 

Cchalta (1974): èomineo 
Coronet (1965): Comineo 
Polaris (1971): Arvik ~ines 
Sphinx (1965): Comineo· 
408 (1966): Comineo 

\ 
'. 

..... 'r!...( ',' 

(CQminco~Bankeno) 

" 

__ .-.._ .... ,._w,... _____ • ___ ~_ --

100. 

{ 

Standard) 

. l 

1 • 

\ 



j 

b 

" 

1 " " 

1 ": 1 

, . 

~ 
~1~ 
V, 

W 
~ 
ri " . \ 

!-
t, 
, 
": 

1 
" 
~ f, 
" f 

'-" , :, :{\ 
.' 

" , 
~ 

~, 
( , , 
" .. ;,(, 

~' 
" ;;.. .' • 
~ 

ï, 

~ 
t 
~ 

• ,,- • f ~}. ~ 

" 

Cl 

() 

101. , 

.. 

APPENDIX 3. Distributions of individual deposit estimates 
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AP~ENDIX 4. Curves used for the evaluation of technical charaèteristics / 
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l ' 
Reproduced from ~1ine and mi-ll wastewater treatment by J .S.Scott and 

K. Bragg~ EPS r 3-WP-7S-S. Environment Canada~ 1975. 
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Reproduced from }.fi:ne and mill_.wastewater treatment 'by J.S.Scott and 

K. Bragg, EPS 3-WP-7S-S, Environment Can~da, 1975. 
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APPENDIX 5. Inf1ators Used in Cost Evaluations 

Year 
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"-
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1975 
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Table 22. Inflati~n Multiplier 
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Inflation 

Multiplier 
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