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ABSTRACT

‘This study examines the impact of water pollut:.on control c¢sts on ,

mining economics. The analysis focuges on the base metal m1n1ng

sector in Canada for which economic data have been assembled. Three

levels of w tér po lution control regulations are defined. Waste-
g& ystems are designed to provide an effluentg ‘quality

water treatme

an important part of total capital and operating ‘costs. On ap after-
tax basisl, however, t ése costs do not appear to have a particullarlly
adverse effect on the economics of the base metal mining sector. To
the extent thz‘it] th? second control level defined in tl’;ié}study Te-

presents current regulations it has been found that most ‘of the eco-
nomic impact has already been absorbed. Therefore, a change to more
stringent regulatidns would not haave a very significant effect on

the economics of the base metal mining sector.
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Cette etude examine 1' impacte e{onomlque du cofit de contrdle de la

pollution des eaux. L' analyse porte sur le secteur minier des métaux
de base, pour lequel des données ont été fissemblées. Trois mnivaux
de contxrdle de qualité sont definis. Des systémes de traitement sont ¢

établis de fagon & donner une qualitdé des effluents conforme aux

' réglements. Les cofits de ces systémes sont estimés et leur effet sur

les caractéristiques &conomiques du secteur des métaux de base est .

. - lﬂ /
ensuite €valué. |

Les/caracteristiques économiques du patrimoine minéral sont évalués
avant et aprés 1' imposition des taxes et droits miniers. Avant' impo-
51t10n fiscale, les cofits associés.au contrble de qualité des effluents
représentent une partie importante des investissements de mise en
valeur et dc\as cofits de production. Ces cofits, d' ailleurs, dependent
plutét de la capacité de la mine que du type de minerai. Cependant,
aprés imposition, ces cofits ne semblent pas affecter sérieusement les
caractéristic{ues &conomiques du secteur minier &tudié&. En considérant
que le deuxiéme niveau de contrdle défini dans cette &tude répresente
les réglement‘s actuels, il est démontré que la majeure partie de I
-impacte €conomique a déja €té absorbée. Par consequence, un changement
vers des rdglements plus sévéres n' affecterait pas -trds sensiblement

les caractéristiques &conomiques du patrimoihe minéral Canadien. '(
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Water pollutioﬁ’;l the single most important type of environmental

regulations for prevention or elimination of damage to the environment.
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CHAPTER 1. INTRODUCTIPN

1.1 Environmental Impact of Mining . .

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

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

Mining distrubs the environment in several. ways:

- Surface mining creates ae§thetic problems and land devaluation.

- Tailings disposal may be a source of w;ters contaminated with toxic
substances. »

- Acid mine and tailings waters affect the pH of receiviné water-
courses. | ) .

- Surface mining and ore transportation disseminate dust in the air.

- Tailings .dams represent potentially dangerous structures.

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 stages, the main problem is

air pollution.
N e

Increased scale and intensity of exploitation of minéral resources,
increased populatifn and social developments have resulted in concern
over the side effects of mining, mainly in terms of aesthetic and pol-

=

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

These regulations result in better environment for men and l;fe and

~

f
f
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: ( ) Plgher costs for the mining industry.
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1.2 The Objective of the Study 3

v
R

More stringent envirgnm?ntal regulations result in additional costs
for the mining industry, over and above traditional pioduction costs.

{ In the case of water pollution, regulations specify the maximum amount

N

of pollutants permitted to be released in tﬂe environment through mine

and mill waters. Compliance with the regulations means for the mine

il
L operator installation of additional treatment facilities. The additional
capital and operating costs associated with pollution control affect the

lf

economics of mineral supply. .

B T

'

The focus of this study is the Canadian base metal sector, for which
Y ) AN o . - .
5 ( ! , ‘ economi¢ data have been assembled (Section 1.4). The objective of the

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

T " _economics of the base metal mining sector. This task is accomplished

-
in two steps:
Estimation of capital and operating costs associated with-water pol-

lution control.

MW o AT 15 e A\ W e
e
]

- Assessment of their effect on the economics of the base metal mining

sector.
L i | - \ _

In the first stepjof the analys{s, costs relevant to pollution control

are estimated for each base metal deposit included ihuthe,existing data
| base. The particular characteristics of each deposit (technical, regional,
‘geological) must be estimated ;f the results. are to be realistic. Average

(:} : values have been used whenever these characteristics are not known.

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

)

suggested that they provide a meaningful basis for eétimating overall

economic effects.

In the second step of the analysis;lthe impacts of the:estimated water
| Y

pollution control costs are assessed with respéct to the'f0110w§ﬁg

. P |
economic characteristics: w {

N © -

On a before-tax basis:
. . |

- The potential number of economic deposits for a particuly endowment .

\ . = »
shows the number of deposits that can potentially realize a total

. ! ‘
revenue of more than $20 million and a rate of return higher than )

r

8% (cost of capital).

4

- The botential value to society is the increase in society's wealth

+ which results from the exploitation of all economic deposits. The

potential value to society is the difference between total revenues
and total direct costs-and represents the available surplus value

prior to mining taxation considerations.

! a
| ‘
,

Taxation is a profit-sharing méchanism. It aims to distribute the
pote?tial value between the government and the mining industry. After
N 4 N

taxation, however, some economically marginal deposits will not satisfy
N

1Evaluations are made using discounted' cash flow methods; the most common

are:

- Net Present Value '(NPV) = sum of present values of positive and
negative cash flows over the operation's life, discounted at the
investor's cost of capital; .

- Rate of Return [ROR) = rate of interest realized by the investor
over the operatlon s life considering his investment and returhs; .
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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ecoggmic deposit criteria. These 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 and government as tax collector.

3

’ ¢

The value. to society is represented by:
\

%

- The actual number of economic deposits, i.e., the number of deposits
N\

that satisfy economic deposit criteria on an after-tax basis.

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

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

N

deposits.

The value to the mining industry is represented by:

. - The rate of return to the investor, realized from exploitation of

the after-tax economic déposits.
‘ b

"The value to the government islrepresented by:

- The total present value of tax payments, resulting from the exploita-

tion of all after-tax economic deposits.

It must be noted from the outset that the endowment as described in
Section 1.4, is considered for the purpose$ of this study Jo be a closed
‘system. The focus 3f tﬁe study i; the reactions of this sysﬁem to
changes in its environment (pollution control regulations). Broader
issues ‘are not incorporated into the aﬁalysis, such as thg/better
environment resulting f;od compliance with the'regulations, and the
indirect effects of the additional expenditures on'the economy .

°

’
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1.3 Terms of Reference for the Analysis

i
The effluent discharge Epssibilities for a mining operation range from

the indiscriminate discharge of all effluents and residues to a state
|

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

! : . \
three discharge levels have been defined:' .

~3

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

to pollution. All effluents are freely discharged

to the surrounding receiving media.

Control Level 2: Existing federal regulations, briefly shown in Table 1

t

| (Bragg, 1975). Descriptions of these regulations are
; " given in Appendix 1. .

Control Level 3: Complete elimination of discharge if possible. When

this is not achievable with existing technology,

the best possible technology is applied. f

t

The approach consists of estimating tﬂé capital and operating costs

associated with water pollution control for each miniﬁg operation, as
R

a function of each of the three control levels. The water t%éatment

applicable is defined for each mine designeé to operate under each of

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

are taken into account in this definition.
1]

s

The water treatment operations are subsequently costed. The results f
are three sets of capital and operating costs per deposit, each set

representing the costs of compliance with one of the pollution control

\

7

levels.

3

.
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—
Parameter Control Level* (Total Metals)
. | .
" lead v 0.2 mg/s -
_copper 0.3 mg/e |
arsenic 0.5 mg/2
nickel 0.5 mg/s ‘
' zinc 0.5 mg/s : N\
; suspended solids ~ 25.0 mg/
* PH 6.0 minimum

acute toxicity not less than 50% survival

in a 96-hour bioassay test
(in guidelines only)
Ra 226 10 pCi/e (dissolved)

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

|
k ' ~ K

TABLE 1. Summary of acceptable effluent levels
~ as-set out in regulations and guidelines.

s(For base metal, uranium and.iron mines.)
1 / ' ° '

o

Until now, costs have been estimated for mines designed to operate
under each of the defined control levels. When, however, a mine already

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

9
is different. Some facilities already exist, since some pollution
| |
control measures 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
to be incorporated into an existihg process in order to conqum to the

next higher control level, are called an 'increment'.

|

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

—

/

I
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‘ ' Increment A: Upgrading of an operating mine from Level 1 to Level 2.
Increment B: Upgrading of a mine des;gﬁéd'for and operating at Level

2, to Level 3.

I?crement C: Improvement to Level 3 of a mine, presently operating at
{l .

El

———/ .
b Level 2. This mine, originally designed to operate at

| '~ Level 1, has subsequently been upgraded to Level 2 by

/1
Increment A. s -

-

\ The relationship of increments to the defined control levels is shown
\ - Ve

in Table 2. '
’ \
’ ' ; } .
- Ed ¢ * -
New Mine | Upgraded Mine \
( "
‘ . . q ) . . -3

\

[Level 1+ InA |

%
%\ K

A . .
|Level 2 + In B | [Level 1 + In A + In C | o
. K3
, ‘ |
AN
TABLE 2. Relationship of defined levels and increments.
|
s Lo
Incremental costs are used to complement the assessment of the impact
\ . \
of control level change o economic characteristics of the endowment..
() N /
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1.4 The Canadian Base Metal Mining Sector2

\ )
ﬁd,afwﬁﬁ‘”“%g: base metal sector is defined to include copper, zinc, lead and
s .

'‘molybdenum deposits together with any associated gold and silver
content. The data base used for evaluations includes cash flow esti-
mates for all 131 significant discoveries made during the 1951-74 period.

Appendix 2 gives a list, of these 131 deposits. The list-includes the-
| , > K \

o

name of each deposit, its discovery date, the controlling organization .

and the name of any parent or affiliate‘Brgaﬁization.
- /
‘ 1 |
Each deposit is evaluated at the mine development decision point, on

the basis of current economic and technological outlook conditions. In
addition, the exploration cost and time required to find and delineate the

E

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

L development and production phases of the base metal mining sector. ALTE
) monetary values are expressed in constant 1979 dollars. \
o B ! \\

General market estimates are applied to evaluate the time distribution
of revenues for each of the deposits. Metal price is both the most .

important and the Wost uncertain variable in the assessment of cash
flows. Tber%forg, cash flows are evaluated as a function of price.

\ .
An expecte&\br mean price outlook is bounded by upper and lower limit
;rices for égch mineral commodity. The prices usgd are showﬁ in Table 3.

2

) 2Eurther details concerning the data base and methodology applied may

‘be found in Effects of Taxation on Base Metal Mining in Canada, B.W.
MacKenzie and M. L. Bilodeau, peqtre for Resource Studies, 1979.
\

.
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Commodity Lower Limit Expected Value Upper Limit
" copper ($/1b)L < 0,70 ' 1.05 1.50
. . . zinc  ($/1b) 0.40 0.50 0.70
lead ($/1b) 0.32 0.42 - 0.62
molybdenum o~ !
($/1b ‘in concentrate) 4.50 7.00 10.00
silver ($/0z)2 " 6.00 . 8.00 72.00
, . ‘gold  ($/0z) 200.00 270.00 450,00
L x TABLE 3. Metal prices (1979 dollars).
ivl r‘

The assessment of" costs and revenues assumes that a fetal concentrate

is p;odﬁced at-each possible mine. ‘' Individual estimates of recoverdble

ore ;eserves, mine and mill capacity, development capital costs, .
(. operating costs and development period are made for each of the basé
metal depésits, based on present-day econqmic and technological condi—\
tiox_:n‘s. The distributions of these estimates are shown in Appendi?c
3. In the esf.:imatign of each deposit's capitdl and operating costs,
compliance with the actual, federal regulations (defined ag control Level

¢

2) is assumed.

' ?
]

For the purpose of estimating water pollution control costs, the deposits
are categorized into various types.,and sizes. Tables 4 and 5 outline
the criteria for these definitions. Table 6 shows the number of deposits

belonging to each type and size category.

1
1 1b=453.59 gr - .
2 j . ‘
() 1 0z=31.10 grams , ~
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' Type of Deposit = - Deposit- Characteristics 5
. Cu-Zn-Bb or Zn-Pb deposit; ' A
i 1 ] . complex milling circuit; ’ - ’
‘ high sulfur content
. , .

Cu—Zn:Aﬁ-Ag, Cu-Ag-Au dep?sit;

2 simple milling circuit; ., .
me@ium sulfur content o
= *  Cu, Cu-Mo, Mo deposit;
' 3 - simple milling circuit;
’ ‘ ' low sulfur content °, ' .
N \ W .
TABLE 4. Definition of deposit types. ’
° \ I :’
( ‘ ‘ .
L ]
Annual Mill Capacity gtons/year)s
i . ~ ) - " .
) o Mine Size From To . .
, ‘
o . -
L 0 ‘ 1 million o ‘ v
. o~ 2 1 million 5 million
o 4 . * , .
, 3 . 5 million L up
\ [4 | .‘L\
- Y ¥
3 o b .
TABLE 5. Definition of mine size
A . - . -
<
, i PN . .
L ° ' ‘ 'i‘j
3 ' . -
( ) 1 ton 0.907 metric tonne
< . . [ . A o
. H \“ \\ X
P ’ \‘,
! ‘
) e \ T ) ’
; - AR
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Mine Size

©

Type of Deposit

! 1 2 .3 Totals

1 19 53 . . 9 . 81

2 9 10 10 29

3 2 - 19 . él

o 7
1 2
Totals 30 . 63 38 131
TABLE 6. Number of deposit? in each .mine
! , Size and deposit type category.
[
\ L]
o .
. .
. R ‘
/ - ]
|
7
¥ o
/ \ ) ’ / N
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CHAPTER 2. AN OVERVIEW OF: THE STUDY

23

- @

Regulations concerning protection of the natural environment from pol-

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

°

particular field of government authority” has become increasingly

s . / .
stringent in recent years. This study is an attempt to examine the

I
impact of these increasing pollution control burdens on the economic
.o :
characteristics of the base metal mining sector in Canada.

!
\

The study focuses on water pollution, which is the single most importént

aspect of environmental quality related to mining activities. Three

1

‘levels of water pollution control have been defined.

/
- Control Level 1: free discharge

» ! '
- Control Level 2: compliance with existing federal regulations

~ Control Level 3: complete elimination of discharge -

Economic evaluations are made for 131 deposits discovered during the

1951-74 period. These deposits contain copper, zinc, lead and molybdenum,
L S . o

as well as associated gofd and silver. Technical and economic character-

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

z

i
assess the economic value of the base metal Canadian endowment with

respect to different taxation.systems (Mackenzie, Bilodeau 1979).
- ’ \L -

\
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

and‘for'the\totai base metal sector. Potentidl values prior to mining

»

!




) , ) ' .
taxation considerations and actual values on an after-tax basis are
assessed., Potential value as.seSSments are made on the basis of:

- Potential number of\ecoﬁomic déposits.

N

- Potential value to Canadian society, expressed as the net present

value and the rate of return of cash flows generated by the potential
p T

&
economic deposits..

Actual value assessments are made on the basis of:

- Actual number of economic deposits.

- Actual value to society, expressed in terms of net present value.
- Actual incentive to the mining industry, expressed in terms of rate

of return to the investor. ‘ v

- Actual value to government as the tax collector, expressed in terms

of present value of tax payments,

'
. 1

/
The most common causes of water pollution problems associated with

mining, -éxamined in Chapter 3, inclixde:

- Acids generated from exposure of pyrites to the atmosphere; these |

acids affect the pH Jf receiving waterstreams and leach toxic heavy

metals from tailings. AN

/
- Contaminants arising from ore processii\ng; frothers, thiosalts and

suspended solids. f

R

It appears that in current mining practice, suspended solids and thio-
! ‘ )

salts are seldom a problem. Tailings ponds usually provide enough

retention time for thiosalts to be oxidized and suspended solids to be

settled out. Frothers can either be eliminated by inducing oxidation

conditions or recycling to the mill. The most important problem is’
/ ! N

! t

. created by acid metal-bearing waters. These waters are usually treated

Pyl
W

’
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with 1ime in order to be neutralized and to precipitate leached heavy

i ~ . .
metals in the form of hydroxides. This can be accomplished by controlling
/

the pH between 9.5 and 10. Lime treatment is usually carried out in
‘ ! \

{ {

The facilities currently used for wastewater treatment and pollution

the tailings pond.

ks

control are also examined in fghapter 3. The tailings pond is typically
f
the central element in the water treatment system. It provides permanent:

storage for tailings and precipitates and also provides:the required
: N

conditions for acid neutralization, heavy metal removal and reagent

stabilization. All contaminated water in the system may be treated in
i

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

are treated in a separJte 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 collection of

1
acid or uncontaminated surfﬁc\e waters. , ' '

‘ :
( . A
4

Chapter 4 -presents waste water treatment flowsheets for the various
i

_ control levels and types of deposit. It also presents the cost esti-

mating procedure for these treatment systems. Higher effluent quality
is achieved with more advanced effluent treatment. The flowsheets of

wastewater treatment systems include d11 operations affected by ‘a change

I

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

\ /
mine-mill complex are considered. At Level 2 all mine, mill and surface

( i}
waters are treated with lime in the tailings pond. The tailings dam is :

constructed so as to meet structural requirements and minimize seepage.
: N

o
o

Reclaimed water is recycled at the industry's average recycling rate.

[P
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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 1 deposits (producing Cu, Zn
' I
and Pby. In these cases, acid waters are mechanically treated. Re-

claimed water is recycled at the highest rate technically possible.

Flowsheets for incremental systems are also considered in Chapter 4.
An increment is the improvement of the treatxpent system for an operating
mine, in order to comply with a higher control level. Usually, the

[flexibility in the design of an increment is limited by the existing

facilities.

Chapter 4 also outlines the computer simulation model used for the

”

evgluation of water treatment costs. In the first stage of the
analysis, the technical characteristics of Fhe operations pertinent to
each control level are evaluated for ea/ch deposit. In this evaluation,
: individual deposit characteristics are used, as well as average industry
values. Technical characteristics include volumes of recycled and fresh

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

-

‘ b
of surface waters. In the second stage, operations relevant to water
treatment are costed on the basis of their technical characteristics.

The capital and operating costs related to each control level are the

\

total cost of'the facilities and treatments mvolved for the spec:.flc
\

control level R

-

The estimated pollution control related costs are presenteéd in Chapter
|

/ I

5. These costs reflect economies of scale in pumping and piping facili-

ties, Type 3 deposits have consistently lower costs per ton than depo-

sits of the other types.

N
N
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Thi_s is a ?esult of their natt.;re which is the least problematic and
their typically large\ size, Type 1 and Type 2 deposits have approxi-
mately equal costs at Levels 1 and 2. Type 1 deposits involve a more
advanced wastewater treatment but are largezi on average. At Level 3,
fype 1 deposits have éignificantly higher costs ‘because of the intro-
duction of mechanical treatment in the system. Increment A involves
the most important’incremental costs. According to Scott and Bragg
(1975a), "the incremental cost of wast‘e treatmen/t/ to ubgrade old faci-
lities appears to be approximately 10-20¢/ton o"f ore with an extreme
of 35¢/ton." Tﬁis range approximates the distribution of operafing
costs of increment A. Increment A costs, however, are higher begause
they represent total costs Telated to pollution control. Pollution
contrel relate;d capital and opera'ting costs repres‘ent a sizeable portioﬁ

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

Since metal prices are the most uncertain and most important economic-

factor in this analysis, assessments are made for lower 1limit, expected

value and upper limit prices at the three control levels. Potential
value assessments a:;'e sensitive to metal prices. The number of economic
deposits and the potential Net Present Value to Society are sensitive

to changes from control Level 1 to Levél 2 at lower limit and for expect/ed

[ , .

value metal prices.

Deductibility of pollution cbntrol costs for tax purposes results in tax
credits, which ease the burden to the mining industry. The actual number

of econonic deposits, net present value to society and rate of return
5 N . .

Ve

to the investor assessed on an after-tax basis, show an important sénsi-
1 \

. [N 1
‘tivity to changes from control Level 1 to Level 2 at all metals price

o
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‘ (/ variants. Tax payments decrease substantiallly with control 1level

! |

changes. The decrease represents the government's contribution to
|

T i o, g GRS

the higher costs associated with higher levels of pollution control.

r The following points outline the results of this study.
:: ¢§3 -~ Pollution control\related costs Urepresent important components of’
; total capital and operating costs. ‘ Ve
} \ . -~ Potential value and after-tax assessments are mainly sensitive to

} chdnges from control Level 1 to Level 2. To the extent that control

| | Level 2 represents the current—'xzeéulations, most of the total economic

impact ha;s already been absorbed. |

- Taxation eases the burden to the mining industry by transferring a
; part of thé costs to government, through reduced tax pa‘yments.
' ( i -‘- ‘Small depoéits of the shield region are generally the mo;t vulnerable
, ‘ to changes ip control levels. If Level 3 .controls were to be imple-
mented as a national reéulation, it is suggested that some measures

be taken to cushion the impact of this change on smaller mineral ,

| deposits and mining operations. *
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CHAPTER 3. WATER POLLUTION IN MINES

o]

4 ) Vot W

S

This chapter, based on the work of Scott and Bragg (1975), outlines the
actual situation relevant to water pollution in the Canadian mining
industry.{ Section 3.1 presents the origins of environmental problems\
related to the use and dischargeé of ‘contaminated waters from the I;Iine
and mill. Possible mechanisms to 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 metal mining operations can be

classified into two groups:

i) Acid generated from the exposure of pyrite minerals to the atmo-
sphere. This acid affects the pH of receiving streams and dissolves
heavy metals present in the tailings. These toxic substances are
then carrie;d to the receiving watercourses . ;

ii) Contaminants resulting from processing the ore to separate concen-
trate and tailings products. Contaminants include milling reagents,
thiosalts and suspended solids. They are toxic and alter the |

: N \
environment of aquatic life.

Acid Generation ' 2

3

Acid waters are produced from the oxidation of metallic sulphide minerals,

o

particularly those containing iron. In theory, this oxidation can occur
: |
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ﬁ | either chemically or by biological means. The relative importance of

these two mechanisms remains uncertain. \In practice, the bacterium .

~

thiobacillus ferrooxidans is always present in acid mine waters and
there is considerable evidence which suggests that the biological

mechanism is significant, if not predominant.

/

Thiobacillus ferrooxidans is a unique bacterium which obtains its

\
en¢igy for growth from the oxidation of reduced sulphur compounds and
| /

ferrous iron. It\is the only organism known that has the ability to
oxidize sulphide minerals. In order to perform the oxidation, the

. . bacterium requires water, oxygen, carbon dioxide, ammonia, phosphorus

and trace amounts of other nutrients. The acid generation process is

a complex and the subject of disagreement. Considering,\howei/er, the
( ’ net reactions, it can be illustrated as follows, for the case of pyrites
§
| |
4FeS, + 150, + 14H20 -+ 4Fe(0H)3 + 8H2804 . (3.1)

9
o

Not all the iron precipitates as hydroxide; some iron forms a basic iron
sulphate jarosite type material. This reaction may be represented by

the following equation:

1‘ 3
6FeS, + 2230, + 15H,0 > 2HFe (S0,),(0H) . + 8H,S0,  (3.2)

\
., In practice, neither of these reactions apply completely. The actual
!

amount of acid produced is between.1l.33 and 2 moles per mole of pyrite.

.
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'

The acid genei'ation may- take place in the mine itself, where natural
seepage comes into contact with the broken sulphride ore, or'in the

tailings area, both during the mining operation and after closure.

\ , -

/

After its formation, acid is available to leach metals from the minerals.
t

. - L

The 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 toxic to fish and other forms of aquatic

life and do not comply with many basic requirenients for potablé water.

Contaminants Arising from the Processing of Ores

Milliné reagents modify a property of a particﬁlar nineral or class of
min&rals, thus permitting the separation of that mineral or class from
the gangue. Most reagents are toxic. They also vary in stability. Some
of them are persistent and will escafe from a tailings pond, while oth\ers
are unstable and will break down in the tailings area. :Generally,
fx;others (reagents) are undesirable in the effluent. Their presence

can be reduced, or eliminated by:

- Increasing thé:retention time of the frother-containing waste.

- Applying mechanical aeration to the waste. 7

- Selecting a frother with appropriate breakdown properties.
x“\"_‘ [\

It should be noted here that, in some cases, the recycling of frother-

!

containing waters to the mill results in substantial savings in reagent

"
1

costs. In these cases, appropriate measures have to be taken in order

to prevent a frother breakdown..

e s ot o 4 s
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Type of Mine

- Cu-Zn-Pb Cu-Zn Base Metal ~Uranium
(Mine Surface Cu-Zn-Pb Uranium (Active  (Abandoned  (Abandoned
C\ontents Waters) - (Mine Vatexr)}—- (Seepage) Mine) Mine) Mine)
— ) / . -

7 = 4 ;

pH G 4.0 /_1_).0 2.0 3.0 2.6 2.0 - 2.8

suspended solids 8.8 690 [ nil - - 25

total less solids 79 24,000 - - 9,200 13,440
~*hardness - 293 2,960 - - 1,390 -

Ca - - - 416 - 454 . -

Mg. Rl - - - 106 - 178 -

Cu ' 17 11 - 3.6 0.0 2.5 2.2

Zn b 118 1,090 11.4 . . 0.4 34 9.4

Pb 0.4 58 0.7 - 0.11 0.5 - -

Fe (total) 79 1,830 3,200 11.7 1,300 300

Mn 21 0 5.6 0.4 8.2 3.6

S04 36 16,560 7,440 885 4,050 6,900

coD - . 245 270 - .- 110 -

. 7 . -
TABLE 7. Typical assays of acid waters in Canada.

2

(All concentrations are in mg/% except
pH. pH is the negative logarithm of

- hydrogen or acid ion concentration.)

°

/

S

.




‘Thiosalts can originate from:
- Grinding operations. During grinding and flotation operations, a

small amount of sulphur from the mineral dissolves in the water. .,

=

6
etc) are formed. These compounds are subject to oxidation with time

Through a2 series of rdactions, polythionates (Sz0 , 5406= s 3506"’ »

, and generate sulphuric acid. |
’ .

- Reducing sulphur compounds. These compounds (generally in the form
of alkaline sulphides, hydrosulphides, sulphites, etc) are used to
enable selective flotation of certain minerals and result in increasing

polythionate concentrations.

.

Suspended Solids

9

A

. , | \
. i :
In order to recover the valuable constituents, ore must be finely ground.

The fine tailings are generally deposited into a tailings pond. In recent
.years, finer grinding reqﬁirements associated with the treatment of more
complex and lower-grade ores have resulted in substantially‘f'iner tailings.
Finer tailings are more difficult to settle, and there are special problems
i3 °.
associated\ with the settling properties of colloidal sized particles.
Suspended solids present in discharged\\"effluents alter the physical pro-
perties of receiving watercourses and can have a direct effect Jlcm aquatic

€

life. ' \

3.2 Possible Control Mechanisms

*  FPatctors Influencing Acid Generation

A\

ous

-

Theoretically, whenever a sulphide mineral is exposed to the atmosphere,
the potential for acid generation exists. However, there are numeg

N N
interrelated factors which influence the nature and extent of this process,
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including the following:
, i) Restricting {:he supply of chemical requirements to the oxidation
process will slow down or even stop the reaction cbmplete%y.‘ These
: requirements inclLfde oxygén, wéter, carbon dioxide and othexr micro~
nutrients. 'I'hedsupp)ly of oxygen can be restricted through'revege~
tation, flooding and sealing the surface. The latter is a high :
%\a\ cost method. The supply of water to the oxidation process can be
u 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 witix the ore cannot be prevented.
ii) Controlling/ the pH. The influence of pi}i on the \oxidation process \
is complex and impeffectly understood. It is suggested that at
‘ high pH values the process slows down because of reduced bacteria
act;.ivity and neutralization of t\{\e sulphide materials. pH control ¢
N using lime inhibits th\é acid gen;ration process more than any other
method, as shown in Table 8 (CIM, 19'78).‘]‘ It is atcomplished through

°

N the dissemination of lime or limestone in, the tailings or the mine )

waters.

Hater Treatment Practice % \

¥
b

. lime treatment 23 A
) other treatment .. 10
no trieatment S 1
' not applicable 12
100

K3

l ‘ TABLE 8. Water treatment practice in Canada.

(. | , S
' - .

— .
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iii) Isolating the sulphide components is not generally possible. In

specific cases, most reactive tailings couid\be buried under less
o\ [} \J .
reactive and preferably l€ss permeable components to minimize’ ;

oxidation. For the same reasons, it is undesirable to construct

the embankment of the tailings dam from reactive materials.
' \

Other. techniques used to influence okidqtion include: \

o

- reducing ferric iron, and . -

R

~ limiting the area of reactive surfaces.

! \ \

Acid Neutralization and Heavy Metal Removal - Py

. °

Any %;ocess used to neutralize dcids will also remove dissolved heavy

Vi

L3

metals through the formation of insoluble metal hydroxides. ,
) ) \ .
Heavy metal prec%pitation occurs as a result of the reaction '

¢ . . @

. M7 200 o M(OH), , o O (3.3)

o

where M is the metal cation. P;ecil;itation'is af;fected by pH. There

is a pH level where the solubility of the metal cation is minimized. o
W

very difficult’ to derive values for the best regi&ual ‘levels\of heavy

metal ions. However, the'ranges of metal concentrations shown 1n Table |

9 (Scott and Bragg, 1975a), appear to be theoretically feasible if total ‘

i
f

precipitate removal from the effluent .can be achieved. \ — \'i
!
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' , Residual Concentration
. (ug/% per litre) y pH

k ' 7 : J

: Cu - 1-8 9.5

. ' . 1

Zn o0 10-60 | ' 10 o

;} Pb ' <1 i 8 'y

% Fe (total) ' <1 8l
S " { C . . ‘.

i *< TABLE 9. Lowest metal concentrations theoretically achievable.

¢ - / 7

; : } A - s, s

: - If the theoretical relationships apply, it is probei‘}fle that better .

’ y overall results would be achieved by closely controlling the pH at

: ( 9.5 to 10. In this way, good copper and zinc precipitations vgould be
achieved with only slightly less efficient removal of iron and lead.

Fi- .

P ' Reigents used to control pH include limestone, lime, sodium carbonate

~
-3

and sodium hydroxide. Lime is the most commonly used. Althouéh lime

o ©

. is more expensive than limestone, it is usually preferred b@ff

its higher purity.

-

Thiosalt and Reagent Stabilization

2

\ . Bacterial action can convert sulfur and its reduced compounds to sulfate.

. “ ' lif Fe is totally oxidized to ferric. \
C

,
R -
. - y
. v
. N
, .
o

. .

3 . A .
' - - )
- »
] . .
’ 3
e
.
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The optimu\m conditions for bacterial Bxidation are a pH of 3.5
temperature of 35°C and the presence of adequate nutrient supply."It
must be noted. that while thiosalts may be found in many mining wastes,
their concentrations nliay not be sufficiently high to justify instal-~
latién of specific treatment facilities to stabilize them. In many
cases the oxidatio;l provided by normal retention times in a\tailings
pond is sufficient without seric/:usly affecting the pH of the system.

Water quality problems are rarely attributed to process reagents. Most

of these compounds are subject to biological and/or chemical degradation .

' A
under the conditigns usually existing in a tailings pond.

\
Suspended Solids Removal

[ ‘

Special problems associated with settling and effective retention of

colloidal sized particles may be encountered. UsualMy, however, several
limiting factors in an impoundmené' design such as topograph); and reagent
stabilization, result in substantial safety ma:;gins for the settling of
su/spended solids. If necessary, set’tl:’mg characteristics can be improved
‘through pH adjustment or addition of flocculating agents.

4

3.3 Currently Used Effluent Control Facilities

L -

{

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

o

operations: “acid mine waters, mill process effluent, and contaminated

surface waters including tailings pond seepage. By far, ghe most conmon

'

method of treating these wastes is to disé':harge then into a tailings

pond. In-the pond, suspended solids are settled oﬁt, heavy metal ions

!
-




e e e i+ s e o

o sk o Ay P P . -

27.

in the wate; are precipitated and settled out, and the solids retained
in p;rpetuity. Singg a basic asgumption in this study is that each
mine is developed with its own milling facility, the tailings pond is
.the central element in effluent control. Other facilities complementing
the tailings pond when needed are holding ponds, surface céntaminated
water control channels, surface uncontamiﬁateq water diversion channels

[

and mechanical treatment of acid waters.

The Talilings Pond

' ’/Driginally, the only purpose of a tailings pond wa§ to pfovide an
appropriate space whefe-mill tailings could be.perm;nently stored.
While this remains a main requirement of a tailings pond, other con-
sideraqions have accompanied the growing concern about d;mage to the
environment from mine and mill effluents. Nowadays, a. typical pond
may be required to perform,sbme or all of the following functions:
- removal of tailings solids by sedimentation; |

-~ acid neutralization;

H -

formation of heavy metal precipitates (hydroxides), and sedimentation

of these precipitates;

i

perpetual retention of settled tailings and\pchipitates;

‘stabilization of oxidable constituents, e.g.' thiosalts and flotation

/ )

reagent residuals; : R

N,

balancing action for fluctuations in influent quality and quantity; and

storm water storage and flow balancing. ,

u

2



b

2

[T

[P SV P U et e e T Py Lo
1 7 *.
. -

" - ' ' }‘ ‘I""I
‘Tailings dams may be constructed by the upstream or the downstream ;, .

4

methods, as illustrated in Figure 1. In most <cases, the tailings pond is
a natural concavity closed by a dam on the downstream side. The tailings/
dam may be constructed of coarse tailings or of excavated or waste rock

and other inert materials (overburden is used when available). When

!

tailings are used as construction material, acid is generated in'the

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

<

oration of the dgm with time.

AN

DAM

Y 1

I

UPSTREAM METHOD DOWNSTREAM METHOD

Figure 1. Dam construction methods.
P el
The upstream method has been extensively used in the past and is still

acceptable for low dams. In most cases, however, the more rigorous

Structural characteristics required today can only be met b} using the

. I R
,downstream construction method. The tailings dam has become an expensive, .

\
highly engineered structure.’
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In the tailings pond, the effluent is subject to treatmen‘-\lg‘«;7 The most
commonly used is pH control, achieved through addition of lime. pH
control slows down acid generation and allows maximum precipitation
of hyd‘mxides. Moreover, Qufing the time period effluent is retained
in the pof;d, reagents are oxidized or stabilized. Tc; allow maximum
retention, the effluent is admittea in the pond‘ at tl;e most distant

.

I')oint from the dam. l

t

\ ' |

The tailings pond is a large,’ simple system, performing many operations

and lacking responsive means of control. However, a well-monitored
tailings pond has usually the capacity to provide an effluent of high
<

qualij:y (A. Bell, 1974).2 *

Holding Ponds /

Holding ponds are treatment facilities similar to tailings ponds. The

basic wastewater treatment operations may be performed in holding ponds:

additioq of lime to neutralize acids and precipitate hydroxides, bio-

oxidation and reagent stabilization. Holdmg ponds are used for treat-

L ain

ment of effluents free of tallmgs and thus, are not required to provide

any tailings retention. )

]

Z"A recent study of mine waste management in New Brumswick (EPS,1973)

determined that mines in_that region which treated their effluent using
well-controlled tailings ponds systems were able to consistently achieve

effluent metal levels equal to or better than the following:

coppe.r ‘ 30 ug/% ' ‘
zinc 150 ug/e
lead 100 ug/2

Total Iron: 1 mg/f."

-

e

’
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l

Holding ponds can be used to separately treat acid mine an& surface
waters contgining high concentrations of leached heavy metals. The
tailings pond seepage is sometimes 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 all effluents are

AN -
treated. In such a case, th& holding pond provides additional retention

time, thus improving effluent’huality. . ~

Drainage System for Control of Surface Waters

y

Y

Surface waters may become contaminated when flowing through tailings
dumps or areas where mineral or waste rock is exposeé///;hese acid

. //
waters should be treated together with the other effluents. Collectin

ditches lead these waters to the treatment faciiity. .

" Uncontaminated surface waters may, because of topographic‘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 receiving streams before it enters the effluents circuit.

— e

-
s

Mechani¢al Treatment of Acid Waters

E}

-

Mechanical treatment of acid metal-bgﬁring mine waters ¥s a technique
that has been recently[introduced in Canada. It provides a practicai
“means of reducing heavy metal concentrations to the low levels now

required by Canadian jurisdictions and overcoming the problem of sludge

. \ : ‘
:::fccumuldtion. It is, however, important to maintain a proper perspective,

particularly with respect to the use of tailings ponds when they are

l :

v Y VAR ,&"WMWM&\% i
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It has been demonstrated in many

available.
ponds in which the pH is well controlled and
tion conditions are maintained, will provide

quality (Bell, Phinney and Behie, 1975).

31.

instances that tailings

in which good sedimenta-

an effluent of an acceptable

l

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

be regarded as a method of handling acid metal-bearing mine drainage

1

in special cases where segregated treatment is preferred. :
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CHAPTER 4. MODELLING THE WATER POLLUTION CONTROL SYSTEM

Effluent quality is directly affected by the degree of wastewater

tréatment. The higher the |control level desired, the more comple{e

the treatment that must ﬁe’applied to the effluent. In order to model

water/pollut%on control systems, typical water circuit flowsheets are
B

constructed. These flowsheets show various levels of wastewater treat-

o

ment assumed,tb produce an effluent quality complying with the control

: »
levels describgd in Chapter 1. Incremental flowsheets are designed,
as well, for tae increments defined in Chapter 1. The technology cur-
rently available to deal wi;h mining water pollution problems, as
presented in Chapter 3, is considered. This technology utilizes the
tailings pond-as the central element of the wastewater treatmént system.
Two different sets of flowsheets are presented. The first set, pre-
sented in Section 4.1, includes flowsheets for new mines designed to
operate at each of the three contyol levels. The second set, presented
in Section 4:2, shows the iﬁprovehent necessary in existing flowsheets,
in order for an operating 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 costing procedures.

|

Given the number of deposits and the complexity of their individual

©

i1

characteristics, it is not easy to correlate specific .operations with

| 4
the exppcted effluent quality result. It is believed, however, that
the flowsheets presented would, in most cases, result iy an effluent

quality complying with the specifications of each control level. .
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4,1 Water Treatment Systems for New Mines

Level 1
J ' [
The characteristics of this. level of treatment are:
- Tailings are stored in a tailings pond.
- Pond effluent and mine waters are freely discharged in{o the
receiving watercourses. \ \ x

! .
- Only fresh water is used as mill process water, i.e. no water is

recycled.
Figure 2 shows the water treatment circuit assuming compliance withl
control Level 1. The following operations are performed:
- failings slurries are pumped to the tailings pond.
- Mine water is pumped out of the mine.

\

~ All necessary mill brocess water is provided from a fresh water

‘ source. L !

- The sole use of\fhe tailings pénd is tailings retention. All tailings

pond overflow and dam seepage are freely discharged. The tailings dam
is constructed of coarse tailings with no concern about acid seepage,

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

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

N -
f

charged as soon as it is pumped out of the mine. Surface waters are ~
not collected. At Level 1 only the operating requirFments of the mine-

mill ‘complex are considered and environmental aspects are neglected.

1

[+

Level 2 . -

1 v

Level 2 assumes compliance with current federal regulations’(shown in

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

by-federal regulations is achieved whem: . i
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‘ ~ The /tailing\s pond, besides retaining the tailings, is used as a
treatment facility. Mill efflubnt as well as mine and surface

waters are 'treated in the tailings pond.

\ - The tailings pond overflow is recycled to the mill at the average

rate observed in the. Canadian mining industry. Average recycling rate

varies with the type of deposit.l

e s S N

SFRTE R S T

-\ Fresh water is added to recycled water to satisfy the millérocess

PR

. water requirements.

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

I

C g . . . ) . e
\ The following operations yield an effluent quality complying with
7 N control Level 2:
! - Tailings slurries are pumped to the tailings pond. i
! bt
; ]
. ( i - Mine waters are pumped out of the mine. !
: i
, . - Surface acid waters are collected. :
° Lx b4 . / ;;
% - All effluents are treated with lime in the tailings pond, in order ' :
- . P .
i to control pH, precipitate heavy metals and neutralize reagents and.
§ thiosalts.
{ & )
O - Reclaimed water is recycled to the mill.
} - Nectssary fresh water is pumped in to complement the needs of mill *
! .
process water requirement. . . 4
The tailings dam is constructed of waste or excavated rock and over-
burden in order to prevent any acid formation through the dam and'
. 1Recycling rate for type 1 deposits: 30-40% of mill process water
. requirements. Recycling rate of type 2 and 3 deposits: 78% of mill
( ) process water requirements. For further details, see §ection 4.3.
\
‘\
\
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\

reduce the volume of seepage. The tailings pond provides sufficient

water retention time to allow for completion of wastewater treatments.

’
;

\

Level 3 - P

Control ‘Level 3 represents the complete elimination of discharge obtained

£] N

by recycling all the reclaimed water. In general, this practice is
technically achievable, except when milling tyf;e 1 sulphide ores con-

taining Cu, Zn, Pb, or ~'<In, Pb. 1In this case technical problems are

1

associated with t}’le reuse of recycled water in the flotation cells

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

to .be the highest achievable rate given present 'cechru;>logy.2

\

Type I Deposits

In the case of a ‘type 1 deposit, compliance with control Level 3 is

achieved when: \ ) h &

- Mill effluent is treated in the tailings pond.

- Pond overflow is retained in an aging pond downstream of the tailir;gs
pond, for a complete control of reagents.

- Acid metal-bearing mine waters together with acid surface waters

and tailings pond seepage, are treated in a mechanized treatment .
s o
system.
\ o v
- Uncontaminated surface waters are diverted into receiving streams

v

before entering the acid waters system.
\

2Far type 1 deposits, this rate is 75% of mill process wateér. For
further details, see Section 4.3. ’ .

M “
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4

- Reclaimed water is recycled to the mill at the highest achievable

i
'

rate. ’ |

AN

- Frgsh water complements recycled water to cover total mill procéss,

water requirements. ) ' ,

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

-

necessary operations are:

Tailings slurries are pumped to the pond.

- Mine waters are pumped out of the mine.

- Mill effluent is treated with.lime in the tailings ﬁond.
- Pond overflow is treated with, lime in an aging pond.

q . ~

- Mine waters, surface acid waters‘and tdilings pond seepage are

~ Surface acid waters are collected.

n

treated in a mechanical treatment system.

- ﬁeclaimed water is recycled to the mill.

A

- Fresh water is pumped in to complement for total mill process water

requirements.
\

4=~ Uncontaminated surface waters are collected and diverted before

%@ | . 1
entering the wastewater circuit. ' .

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

2 .
- é;w

N :
Z?is system does not eliminate discharge; it ig\qssumed, however, that
€ rs, accompanied with

° ! - P .
parate treatment of mill effluent and acid wate

a close control of treatment conditions, canvyield a discharged effluent

of very high quality.

¢




g -

B ]

WA! LIME

RECYCLED WATER ~

£

LIME

> DIVERTED

1.
2'
3.

[ 4,

MILL

MINE

TAILINGS POND

SURFACE ACID WATER
DRAINAGE SYSTEM
SURFACE UNCONTAMINATED
WATER DRAINAGE SYSTEM
MECHANICAL TREATMENT
SYSTEM  ,

‘AGING POND

A

Q

-

Figure 4. Flowsheet for level 3 of wastewater treatment; iype'l deposits

A A by e 4



P “.;f -

Y

[P

R LAy
3

A MR RN et A T FH ] o ANOES e A TN

it g S s g Pl

Deposits of Type 2 or 3 ’
.
I

When the ore milled originates from type 2 or 3 deposits, reclaimed

¥

water can be fully recycled to the mill. The treatment system is[

1

simpler than the one for type 1 deposit ores and is presented in
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 tailings dam seepége is recycled to the

i : N
pond. \

-°Acid mine_and surface waters are treated in a holding pond.

- . \

- Uncontaminated surface waters are diverted.
\\

oY

«

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

- Tailings slurries are pumped in the tailings pond.

- Acid mine waters are "pumped out of the mine.

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

- Acid mine and surface waters are treated with lime in the holding
)pond: ’

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

- Any necessary additional fresh water is pumped to the mill. (

- Uncontaminated surface waters are collected and diverted.

! - °

& |

4.2 Upgrading Effluent Control at Operating Mines . -

i

Improving to Level 2 the effluent control of a mine

designed

i
to eperate at Level 1 : Increment A

'm’%
’%’W A
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5 ' :

This increment involves the following operations:

- The existing tailings dam is upgraded in order to improve imperme- '

ability, seepage control and stability.
- Mill effluent is treated with lime in the tailir;gs pond. ,
- Surfa;ce acid waters are collected.
- A holding ponélw is adde? to the system. Acid mine and surface waters
are separately \treated with lime in’'this holding p6ond. This new
facility is required because the tailings pond, originally designed
as a tailings storage area, is unable to prov:‘rde sufficient control
of treatment conditions for all effluents.
- Re’claiméd water is recyc;ed to the mill as in Level 2. , -

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

the wastewater treatment system. Incremental operations are shown by

’

N
~

dotted lines. i ‘

!

Improving to Level 3 the E!ff}uent: Coritrol of a Mine

. Designed to Operate at Level 2: . Increment B “

Two different wastewater treatment flowsheets have been constructed

for Level 3, depending on the type of ore processed. Thu/s,‘, two dif-

o
—

ferent increment B flow sheets are considered. —

- e

Deposits of Type 1

» f ;

To derive the flowsheet shown in Figure 5, the following changes are

introduced to the flowsheet in Figure 4:

- An aging pond is added to the systeﬁ’} downstream of the tailings pond.
\
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' - A mechanical acid water treatment facility is added to the system.

W Acid mine and surface waters are treated in this facility.

‘

- The recycling rate is 1increased to the rate of Level 3.

L - Uncontaminated surface waters are collected and diverted. i

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

(

'l

Deposits of Type 2 or 3

o gen

: The Level 3 flowsheet for these deposit types is shown in Figure 5. [

'The incremental operations are shown by dotted lines in Figure 8.
The increment involves: - ' ‘ )
‘ - The addition of a holding pond in the system:. Acid mine and surface
waters are treated with lime in this hoiding pond. The separate'
5 ( y tre%ment of acid watFrs provides better treatment control in both

\
the tailings and holding ponds.

- Uncontaminated surfacel waters are collecte and diverted. \

- Reclaimed water is recycled to the mill at ‘the Level 3 rate.
. , . ‘ /
- l N

Improving to Level 3 the effluent control of a mine designed

P el i e e LR R
-~

to operate lat Level 1 : Increment C
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Deposits of Type 1

\

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

- ment req;Jirled is shown by dotteh lines in Figure 9. ;rhe holding pond

of Figure 6 is used-as aging pond for complete control of the tailings

pond pverflow. Increment C involves the following operations:

- A mechanical treatment faciiity is adde& in the system. Acid mine
and surface waters are treated in this facility.

-~ Uncontaminated surface waters are collected and ciiverted.

- Reclaimed water is recycled at the Level 3 rate.

Deposits of Type 2 or 3

e
With respect to the Level 2 flowsheet shown in Figure 7, the required
. \ - ¢ /
increment involves two additional operations: - ‘

- Uncontaminated surface waters_are collected and diverted. -

-1 Reclaimed water is fully recycled to the mill.
' The tailings and holding ponds used for wastewater treatment at Level 2
are sufficient to ensure effluent quality gontrcl. Increment C .is shown

: \
s Dby dotted lines in Figure 10.

4.3 The Cost Estimating Procedure

The Methodology )

There are two alternative ways to estimate pellution control costs:
1) All operations relevant qo pollution control are costed and a per-

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

~

: . e , !

e o e st b 4 i = —— - e,
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cost of the tailings dam wm}ld be arbitrarily divided into two

—

parts: the first considered to be a component of ‘the mine's pro-
i . /

duction costs and the second considered a requirement for compliance
with the specific control level. The total cost of pollution control

] . ° \
would then be the sum of all cost components allocated to pollution

control. '

2) All oi)erations affected by change; in the level of wastewater treat-

" ment are costed. Total capital or operating costs at any specific

level would then be: \

€, - NC + c, 7 (4.1)

,vhere:

TC!. = total gapite\ll or operating costs at Level g.

NC = capital or operating costs of -all operations not affecteq
by changing treatment levels. \Hereafter, these costs will
be calle‘\i unrelated costs. ‘

c = cap\ital or operating costs of all operations; affected by
cha\nging treatment levels. Hereafter, these costs will be

. called related costs.

£ = pollution control leyel.

q

The first method s1\10ws the cost of pollution control for the specific
control level. This cost, however, is based on the ®rbitrarily cho?en
percentage rate used to afiocate a part of every relevant cost to pol-
lution control. Moreover, this method does not allow a direct cqmparigon

of the costs at different control levels. W second method results in

a value showing the related costs at the specific control level. This

.value cannot be called pollution control costs, since it comprises

W\ :

A

— U
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c- - o » "
operating requirements as well. This value, however, can be used to

evaluate economic cliaracteristics of individual deposits and of the

1

endownent at different control levels. These evaluations are possible
i

since total capiltal and operating costs for each control level can be
computed by applying formula (4.1). Because of.this ability, the

second method has been selected for the purposes of this study.

° ¢

The costing procedure used is built‘: around five basic assumptions:

1) The producing unit at every deposit is a mine-mill complex, in which
all mined ore is processed by the. milliug facility. This assumption
is representative of isolated mines. It is less representative of
the case\where many small mines operate in the same district and

\ P
large mills custon process their outputs. Even in these cases, how-
ever, the situation from a total cost point of view is not seriously
affected. Higher crosts resulting from more stri;igent controls will
be passed to the nine opérators 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 deposited in lakes and one case
of deep sea disposal, the tailings pond is standard practice through-

. Vo
out the Canadian mining industry and the studied database. Tailings

ponds handle both tailings disposal and effluent treatment. They
\ / i '
have enough flexibility to perform several treatment p}ocesses

.

resulting in an acceptable effluent quality in most situations.
3) All {\ailings are stored in the tailings area. They are not used

as backfill nor are they recycled in any other way.

]
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i t 4) The basic relationship governing the water volumes in the\ circuit is:
:T \ F+p+M = E+T+D" ' - (4.2)

£ SIS gRELE
14
.
B
®
.
LS

where: ' .

§ F = frﬁh input process water. \
% P % precipitation within the dam controlled area. ﬂ
: MA = mine waters. e 1

’ E = evaporation from tailings pond and other ponds. |
B T = water ret:a‘inedL in tailings.
i
} D. = discarded effluent.

.
&
~

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 (D = 0), when:

. . | . a
(1 F+P+M = E+T ! (O (4.3)

- ° \

e e Ay e

If, however, P + M > E + T, dischﬁrge cannot be eliminated and
. . \
\ D=P+ M- (E \+ TS. For the purposes of this study, it is hssumedn

i

st et

- that at Level 3, the equation (4.3) is satisfied by keeping to the

\
necessary minimum the area which WQ runoff to the

[
water balance. e

L . 9

e

- — o .d LR} s
5) It is pc@ble to recycle reclaimed water before complete elimination
of frothers. In such a case, some frother con(;enfration is recycled.

+,. Operating cost savings may result from the reduced need of new frother

introduction in the process water. This potential reduction in

4
operating costs is not considered in this study.

|
i

| - Within the mine-mill complex, control level changes are expected to affect

. - P
O all operations connected with water supply, water usage and tailings

+

M Bl 2 o P
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8t

disposal.“ Consequently, all of them should be costed. Two operations,
however, remain unaffected by control level changes. . These are:

~ Pufping mine waters to surface. ° |

>
7

- Pumping or otherwise transporting tailings llur‘ries‘to the 'tailings
, ‘pond. ‘ 5 |

All the other operations defined|in Sectibns{4.1 and 4.2 are considered

R » . » - -
and “their capital and operating cos’ts are egtimated. These operations
include: %

- Construction of tailings ponds.

- Constiruction of holding ponds.
~ Supply of fresh water to the mill.
-~ Supply of recycled water to the mill.

- Collection of acid surface waters.

- Collection and diversion of uncontaminated surface waters.

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

° S

- Treatment of acid waters in the mechanical treatment system.

-t

The Computer Model

v
o

The computer modelling process is tarried out in three steps. .
- ) : b '

‘ N | .

In :the first step, program MINPOL computes the capital and operating

. L
pollution control related costs for each of the three levels and incre-
' - ' o
ments described in Section 1.3. Theseé costs are computed for each of )
SEE - ¢

the 131 Canadian base metal /deposits of\ghe database.
N , yﬁ“"sﬂ ’ i

In_the second step, an intermediate program computes the totai-capita.l
7 ~

. ‘ [N
and operating costs at each level or yncrement, as follows.

)

K / ) .
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lution control level.

" In the third step, the datafiles are processed by program MINDEC

t

|

The database includes estimates of total capital and operating conts ‘
for each deposit. . In estimating these cosés, compliar;ce with the
current federal regilations is assumed. The uhrelated costs for each
deposit are calculated by applying equation (4.1); thus,

' NC =TC2-C2

. wﬂere:

TC2 is the cost specified in the database and C2

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

is the pollution

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

- : L.
TC, = NC +C; , and o
TC, = NC + (g

]

The output of this program is three datasets cont’aining the information

N
N

necessary for the econonic evaluation of all 131 deposité at each pol-

@

3, in
N -
order to assess the economic characteristics of 'the endowment under

each control level and perfnit comparisons qf results between different

levels.

Program MINPOL : Estimation of Pollution Control Related

¢

Costs for Each Control Level and Increment [
T

. .‘ }

Organization, of the Model

1

3For further details, see "Effects of Taxation on Base Metal Mining in

Canada", B.W.Mackenzie, M.Bilodeau, Centre for Resoyrce Studies, 1979.

‘
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For each deposit, the model first determines tﬁe technical characte-
r1§tics of the operations Dinvolved withveach level. Subsequently, it
costs each operation based on the technical characteristics relevant

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

a

ted by Scott and Bragg (1975a)..The curves, used are shown in Appendix 4.
Technical characteristics mostly depénd on the particularities of the
specific operation as well as on its environment. It is’sométimes impos -~

1
sible to obtain all the necessary data relevant to each operation.' Extra-

e, —
e

polations or average industry values are used in these instances. Total * ‘
capiltal costs ar;a computed by adding all capital expeﬁses as well as a

15% contingency. A 5% contingency is added to total operating costs.l'rhe
inflation multipliers shown in Appendix 5 are used to co;wert current to

/ o

constant dollar values. The flow-chart of program MINPOL is given in Ap- .

'pendix 6.

Ingut Data

The following data are sujbplied for each deposit: o
- location: flat or mouritaineous relief -
- type of deposit

- mean annual precipitation in the deposit}s region

. . 4
~ number of ore reserve categories

- recoverable tonnage for each ore reserve category o -
~ annual mill capacity

- mine type: open pit or underground

4

Any change in a major factor during the mine life delineates a diffe-
rent ore reserve category. Such/factors are grade, mine type and mill . ‘
capacity. " :

.

i \ ¥
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Simulation of Technical Characteristics and Costs
of Wastewater Treatment Related Operations

|

i. Tailings Dam Dimensions and Costs

”~N

7

.- The tailings pond is assumed to have the shape ABCDA shown in Figure

11. BC is the length of the tailings : :

dan when completed and DE is its

) A -
hc{aight. (AE and BC are horizontal). \V C

\ Moreover, the relationship between B <
\
\
‘ AE and BC is assumed to depend on | D
whether the mine is located in a Figure 11. Assumed shape
’ of the tailings

flat or in a mountainous region. , 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 tailings pond is expected to perma:nently hold all tailings:resulting
from exploitation of total reservtss.5 The dam height is assumed to be

' a function of location and, total recoverable reserves, ranging from
30 £t8 to 110 £t for a £lat relief and from 50 £t to 250 £t for a_

mountainous relief. Ft;r every de}zosié, the model determines the tailings

dam dimensions. The dam construct;ion technique may change depending on

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

i

- tailings volume, remain constant, In the case of Level 1, the construc-

v

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

/ I

’

5The tailings density used is 20 cu ft/ton (0.624 m>/metric ton).

(gi} 61 £t = 0.3048 m.
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Level 2 and 3, however, because of structural requiremesits only the

A

downstream method is considered. Starter dam height is.assumed|\to be !

a function of location and main dam height. It can vary from 10| £t to

25 ft when the mine is located in-a flat relief and from 15 ft ta 40

ft if the mine is located in a mountainous relief. Cyclones are Used

to clas\sify the tailings used for dam construction at.Lével 1. Cyclone
sizes of 300 tons, 1,000 tons and 5,000 t&ms7 'per day are considered.
Cyclone size ~%electicm depends on mill daily capacitl;r, as shown in

the chart below.

' Mill Daily Capacity in Tons .
u - Cyclone Size
From * To in Tons/Day
0 2,000 300
2,000 10,000 1,000
10,000 up 5,000

R A AT PITYT T A AT e

-

The costs of wasteuater treatment operatlons are estimated usmg

the curves in Appendix 4. Figure ¢2 shows the cost per foot run of '

- "

a dam constructed of tailings. ThlS ‘method is used for Level 1.
R \

Flgure 23 shows the cost per foot TUR

-

71 ton = 0.907 metric tonne.

{
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‘; of a zoned dam;’ constructed as to c?mply with control Levels 2 and 3.

A

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

!

| starter dam costs from the graph in Figure 25. For the purposes o

PN S A IR

dam costing, an adjustment is made with respect to dam dimensions.
: This adjustment compensates for the assumed triangular elevation of
L - ]

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

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

oW e T

are designed on a 5-day effluent retention basis.’

(

ii. Process Water Volume Estimation

Accurate estimation of the water volumes in every mining operation
. ' . xequires an assessment of the variables of equation (4.2).. Because of
, " the lack of detailed data for each operét;.on, a simplified approach
has been taken. For all deposits of the same type, the following
average values have been us.ed for total mill water réquirements and

s

H
% . ,recycling rates (Scott and Bragg, 1975b).
P Type 1 Deposits’

8
average water usage: . 403 gpm/1000 tpd.,
current average recycling rate: 30-40%

- X targef recycling rate: 75%

] "

81 gpm/lOOO tons per day (1 gallon per minute per 1000 tons”of daily
" capacity) = 7.21 f/metric tonne per day.

\
k . . . ~
? I U e —————— 1ot 2+ o
1 : o
o
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Type 2 and 3 Deposits

average water usage:' 668 gpm/1000 tpd

current average recycling rate: 78%

target recycling rate: , . 100% °

Mill water requirements and recycling rates relevant to each deposit

are defined on the basis of'deposit type. At Level 1, it is assumed
. I )
that all required water is pumped in from a fresh water source. At

. ro : , &
. Level 2,the recycling rate is assumed to be the 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.

Incremental recycling rates are the difference between initial Yecycling

7/
rates and final recycling rates.

iii. Pumping and Piping:

Two important design factors missing from the data base are the length
of tailings line and fresh water supply line. The length of tailings
line is assumed to be equal to the length of recycling line. Average

v

industry values (Canadian Mining Journal, 1978) have been used for

“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 £t has been

‘assumed for the calculation of pump and motor requirements. Figure. 26

shows how the approximate break horsepower and pump costs are determined.
' :

@hé\motor costs are determined from Figure 27.. Installed costs are

obtaineduby multiplying total purchase costs by 1.43. The costs of

t

'

e e £ e g o o e
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to be 25% of annual rainfall. Figure 29 gives the flow in cu ft/se«:,11

60.

(- . \~“‘
©

transmission lines and pumphouses are added to installed costs. Pipes | v
are assumed to be made of stainless steel and installed on grade. Pipe

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

i

are a function of slope and water flow. Extra costs for grade prepara-- - — .
tion and pipe installation are added to materials costs. An overall
adjustment is made to compensate for unaccounted seepage recycling

installations, inter-pond connections, etc. Operating costs for pumping

1 -]

and piping include power, labour and maintenance.-

12

)
1

iv. Contaminated and Uncontaminated Runoff Control

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

/ .
7
0.04 -acres per tonof daily capacity for underground mineslo

§ 4 i

(Scott !

.

and Bragg, 1975b). For open pit mines-this value is assumed to be 0.05 i

1

Ry
acres per ton of daily capacity. These assumptions dre made~for Levels

2 and 3. The contributing area is assm}\ed to be 0.08 and 0.1 acres per
ton of daily capacity for increments B and C. These latter values are
greater because existing facilities do not allow an arrangement to

minimize the contributing area. The 24-hour dgsiﬁn storm is assumed

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

~

collecting ditches is also related to the contributing area

L4

v

(4 x ¥ contributing area). .Annual operating costs are considered to
\ |
! ‘

1} cu ft/sec = 28.32 &/sec.

~ 1
gi acre/ton = 4,472.5 m2/metric tonne (t).
}.oi"or new underground mines located in Northeastern New Brunswick, it i§

rgc?mmended that the area contributing contaminated surface waters be
limited, vhere feasible, to 0.04 acres/ton of daily mill capacity.

¢
'
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be 6% of capital costs.

. V. Lime Treatment | \i N t 1

'

Lime treatment costs are a function of redidual effluent acidity which
varies with the deposit. type. Residual acidity is assumed to be 3,000 \
mg/% of CaCO; for type 1 deposits, 500 mg/¢ for type 2 deposits and

50 mg/% for type 3 deposits. Cost calculations are based on Figure

30 and on the estimat;d total water volume. A capital expense of \
$30,000 is associated with handling facilities at each point of limé

introduction. ‘ \

vi. Mechanical Treatment of Acid Watexs
¢

- . . |

' Residual acidity is again assumed 'to be 3,000 mg/%. Capital and |

operating costs for mechanical treatment are derived from Figure 31,

\
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CHAPTER 5. ANALYSIS OF RESULTS

b

The estimated costs related to pollution control are presented in

SRR \

e 2
-

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

W e My

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

components. Finally, the relationship of these costs to total capital .

P -

and operating costs is examined.

R

\ Section 5.2 analyzes the effects of the estimated pollution control

I e S
2

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

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

all direct costs and revenues and represents the surplus which is

o 2w

. . potentially available prior to mining taxation consideratioms.

(i - S

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

current Canad%an mining taxation conditions. These assessments are
A
. Vs

madé from the viewpoints of Canadian society, the mining company as

B = = 2t e R

investor and government as the tax collector.

Finally, the results are discussed in Section 5.4. . ' .

o 7 s

5.1 Estimated Costs Related to Pollution Control ° ‘

Seledted lists of estimated capital and operating costs related to
po;ldtion control are shown in Tables 10 to 12 for each of the three
,\\ coﬁtrol levels: Complete distributions of costs are presented in
Figures 12 to 15. These distributions are B#ésented in' the form of

(,) histograms. The last class of‘ever& histogram represents the number
. \

-
'
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Table 10. Estimated costs associated with pollution control for selected deposits; level 1 of control
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8x

COST CF CAPITAL=®

€
1]
ECONOM € CHARACTERISTICS

1. DEPOSIT COOE

5

1

ANNUAL CAPACITY

2.

3. ANNUAL COST OF LIME

- 87 T s/7 /7 1744 /T 1 744 $/7 7Y 1000s [ 744

/7

$

1000 TONS

2
N

COST OF STARTER DAM (CAPITAL COST)

TAILINGS DAM CONSTRUCTION (DPERA-

TING €OST)

%

S

SURFACE ACID WATER ORAINAGE SYSTEM

CAPITAL COSTS
7. SURFACE ACID WATER DRAINAGE SYSTEM

6.

OPERATING COSTS
8, FRESH WATER PUMPING AND PIPING-

-

CAPITAL COSTS
9. FRESH WATER PUMPING AND PIPING

OPERATING COSTS

RECYCLED WATER PUMPING AND PIPING

CAPITAL, €OSTS
11. RECYCLED WATER

10.

Pu{mo AND PIPING

OPERATING COSTS

12, LIMC TREATMENT CAPITAL COSTS

13, LIME COST (OPERATING COST)

B

mix ™

CAPITAL COSTS ARE EXPRESSED
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Table 12. Estimated costs assotiated with pollition control for selected deposits
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of deposits having costs above the upper limit ‘of the previous cost

class. Each distribution shows a deposit size breakdown. Capital and
operating costs assessed on a new wine design basis for each control |
level are presented in Figures 12 and 13. Figures 14 and 15 show the

distributions of capital and operating costs assessed on an incremental

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

capital and operating costs of all the déposits included in the data-
base, with respect to mine capacity and deposit type. These averages
can be used to show the relative magnitude of the estimated pollution

control related costs with respect to the total figures.

Figure 12 shows the distributions of ‘the related capit%l costs per ton
of ins!:alied capacity for the :t:hree levels of pollutionbcontrolf' These |
cos‘ts are low for Level 1; because very few o\perations are perfofmézél.
At Level 2, the related capital c;)si:s are signﬁficantly scattered.., At
Level 3, the distribution shifts fo the right, typically showing an
increase of abot $1/ton con}pa’tred with Level 2. .The distributions of
pollution Arelatfed operating costs pe;;' ton for the three control lleve’ls l\
\are shown in Figure:.13." The large deposits present in the' high c;ost

4 }
brackets are type 1 deposits. As shown in Figure 43 of Appendix 7,

these deposits méy have hiéher operating costs: :Thq distztibutions' of |

" incremental capital costs are shown in Figure 14. It appears that '

i - : «
Increment A involves higher capital costs. ‘Increment A also involves
higher operating costs, as shown in the distributions of incremental -’

operating costs in Figure 15. The results clearly reflect economies .

- of scale. iCapacity has a significant effect on costs of small opera-

tions. - This results in more.variable costs for these operatioms.

a
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The cost distributions are broken down by\ ldeposit types for each

o

!
control level and increment in Appendix 7. Generally," type 1 deposits

'

incur higher costs due ‘to larger process water volumes, higher lime

costs and additional treatment facilities.: Pollugion control related’

_operations are simpler in the case of type 2 deposits. However, the

overall small mine size of type 2 deposits results in high un1t costs,
comparable w1th those of type 1 deposits. Type 3 deposits pose less
problems with respect .to water pollution. This effect, combined with

generally large mine sizes and the consequent economies of scale, '

results in low costs for these deposits.

. . ton of " . of @
e, emal Sty one pricssed
o-1,00 | s9.22 . [ 149
*1,000-5, 000 38.75 9.33
more than 5,000 16.12 3.18

- |

TABLE 13. Average capital and operating costs of all
deposits as a function of mine eapacity.

) ~ CC/ton of 0C/ton of
Deposit Type annual capacity ore processed
($) \ (%)
| ' Cu-zn-Pb, Zn-Pb 56.15 : 15.58
Cu-Zn-Ag-Au, Cu-Ag, Au 57.86 13.00
' Cu, Cu-Mo, Mo 2047 - 5.91

“ TABLE 14. Average capnai_ and operatmg costs of all
deposits as a function of deposif type.

! i
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Cost Breakdown -

Lovel 3 Iner. B f Iner, C

3 Level 1 Level 2 Type 1 Type 2,3 Ine. A Type 1 Type 2,3 Type 1 Type 2,3 ;
- z
struct, 15-30% 8-12% 13-17% 15-21% 30-40% 15-25% 40-555% 3-8% 8-15%
$izé 1 pump. _ 70-85% 88-92% 63-73% 79-85% 60-70% 45-55% 45-60% 60-75% 85-92%
o mech. tr. - - - “20=25% - - 25-35% . 20-30% -
. struce, - 25=38Y¥ 15-23% " 20-25% 25-30% 40-50% 20-35% 50-6G0% $-15% 20-30% %
size 2 pump, . = 65-75% 77-85% 50-55% . 70-75% 50-60%  30-45% 40-50% 45-55% 70-50%
mech.” tr. - v 27-30% - - 40-50% - 40-60% - 3
. 3
struct, | 35-45% 18-255% 25-30% 32-37% 50-00% = 15-35% 60-70% 3-8% 30-40% 3
- . ’ , , 4
Size 3 . pump, 55-65% + 75-32% 45-50% 63-68% 40-50% 20-35% 30-40% 10-20% 00-70% i
] ‘ meeh. 2. - - 27-30% . - 40-50% - 75-90% - ?
E 3, ) ié
: - - ‘ !
) . TABLE 15. Breakdown of related capital costs as & function of mine size,’ ( e . - ‘5
. ‘ N é
- N 3
- %
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_ z
* - )
) . o Level 3 Incr, B -~ Iner. C i
— ' - Level 1 Level 2 Type 1 Type 2 Inc. A Type 1 Type 2,3 y/ Type 2,3 3
N _ E
- struct. 45-60% - 45-50% 25-30% 40-45% 45-50% 1-5% 1-15 1-5% 10-30%
Size 1 pump, 40-55% 30-40% 15-25% " 30-40% 20-30% §-20% 15-25% 70-90% g
lime tr. - - 10-20% T 1s-20% 15-25% 20-30% ) . - S - i
mech, tr. - - 35-40% - - - 70-85% - :
- struct, . 50-75% 40-55% 15-20% 45-50% T 1-5% 1-15% 1-5%  40-50%
2 Size 2 pump. 25-50% 20-25% 5-10% 15-25% 10-20% 3-15% 10-50% 10-20% 50-60% =
Y lime tr. - 20-25% 25-30% ) 30-40% ~  20-40% 40-70% - - _
mech, tr, . - . - 40-45% - - - 60-70% - 70-90% -
struct. 65-80% 55-65% 15-20% 60-65% 55-65% 1-5% ~" 10-50%. }-5’5‘ 30-50% 3
Sizc 3 pump, . 20-35% 20-25% 3-8% 18-23% 10-20% 3-15% 1-10% 1-5% 50-70%
lime tr, - -15% 30-35% 15-20% 20-30% 20-40% 40-80% - -
mech, tr, . 40-45% <« 7 . 60-70% . 85-95% .

8roakdown of rclated operating costs as a function of mine size;
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In Tables 15 and 16 the related capital and operating costs are broken .

“down into their components. In this way the&‘importance of each compo-

nent and its behaviour under different control regulations may be

examined. Capital costs are broken down into costs related to structures!

1

y
pumping and piping costs and mechan%cal treatment costs vhere applicat\;le.
Operating costs ar:a\broken down into structure costsz, pumping and piping
costs, lime treatment and mechanical treatment where applicable.

Pumping and piping costs realize the most important economies of scale

with respect to both capital and operating costs. For Level 1 in Table

v+ 15° for example, the increase in/ﬁ_gructure’ costs from 15-30% (size 1)

to 35-45% (size 3) typif\ies the economies of scale in pm’nping and pip{ng

[

costs, since sfruc"ture , costs };er ton do not vary cénsiderab1y~\with size.
Structure cost is the most impbrtant component of operating costs. This
cost is more sensitive to control 1eve1‘a_.nd topogra‘phy than to mine size.
Lime i:reatznent cost is also insensitive to size. This cost depends upon

the type of deposit.

Another aspect of the estimated pollutior{ control costs ig their relation-
ship with total capital and operating costs. As has been set forth in
Chanter 4, t6t31 costs" in the database include the costs of compliance
‘with current water polllution regulations (control Level 2). Tables 17°

L

and 18 show the related capital and operating costs at all levels as a
v

1Stru(:tl.tres include the starter dam, holding (or aging) ponds, ditches \
for the collection of contaminated or uncontaminated surface runoff

-and lime handling facility. n\: capitdl costs of structures may include
some or all of the aboye cost items, depending on the operations, per-

formed ‘at ‘the specrfu: treatment level

N

They include the gradual, construction of the ta111ngs dam and mainten-
ance of the surfacé runoff collecting network. Structiire fosts are

mostly dam construction costs; t}}e mainten7nce component is very
small. / C

/ . N
} . / . . i

Saewd e w Ae =
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- . : Pollution Control Related Costs -
Level 1 Level 2 Level 3 ~ Incr. A Incr. B . - Inmcr. C
size - CC oc cc oc cc 0C cc oc cc oc cC  oc
1 1.5-3.0 0.8-1.5 6-13 3-6  7-17  3-10 - 6-14  3-6 2-9  1-5  3-12 0.5-5
2 1-3.5  .0.5-1.5  4-12 2-5 3-15 2-6 3-12  2-5 1-8  1-4  1-7 0.2-3
| 3 1-1.5 1-2 2-6  3-5 2-7  3-6  4-8 3-89  2-4 1-6 2-4 0.5-4
- . AR
- TABLE 17. Pollutioﬁ control related capital and operating costs as
) percentages of total costs, as a function of mine size.
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Pollution Control Related Costs
Level 1 ' Level 2 Level 3 Incr. A Incer. B Incr. C
oc ©€ o cc oc cC 7o  C -0C ~ CC oC
0.8-1.5  2-10 2-4  3-15, 5-10 4-9  3-9  3-9 3-6  3-11 2-5 .
- O.4j1 3-13 2-5 3-16 2-5 3-13 3-5 2-3 0.7-2 '2-6 0.5-1.
1-2 2-12 3-5  4-15  3-6  4-15 3-5  1-2 1-2 2.5 0.3-1
TABLE 18. Pollution control related capital and operating costs as per-
centages of total costs, as a function of deposit type.
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percentage of total costs at Level 2. The relat ip between pol-

/ i i

lution co}{trol related costs and fc;twal costs is a function of size
N an

(reflecting economies of scale), rather than_,a function of deposit
type. /The'deposit type, however, does have some significance in the
relationship. Ind Table 17, the H\‘igher cost brackets correspond to
type 1 deposits, both for capital and operating costs. It is also of

\‘ interest to note that size 3 mines, characterized by type 3 deposits,
. \ @

show the lowest percentage with respect ;‘6 capital costs.
|

5.2 Effects on Potential Value of Base Metal Mineral Endowment -

\ B
[
. Potential value assessments are made for various metal prices and

\ \
control levels. Metal price is the most important and the most un-
, '/ )

) certain variable in assessing the endowment's economic characteristics. \
} o
( ’ Lower limit expected value and upper limit prices slivwn in Table 3 are

-

used for these assessments./ The pollution control related costs at. ° ,
o different control levels are added to the database costs and potential

value assessments are made for each combination of price variant and
g |

i

control level. For each combination, the following criteria are

evaluated:

- The potential number of economic deposits.

o W
- The potential net present value to society from the explorationm,
development and production phases of the base metal mining sector,

y discounted at 8 percent.

- The potential rate of return to society.

R
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Results are presented in Table 19. These results indicate that
potential value to society is highly sensitive to control level
changes at lower limit metal prices. The number of economic deposits
is particularly sensitive to control level changes at lower limit and
e‘xpec;tedvvalue prices. Table 19 also :;Lndit;ates that the potential
value criteria are more sensitive to .changes from Level 1 to Level 2
\ than f;f-om Level 2 to Level 3. To the ext\ent that -the endowment is
actually subject to control Level 2, the ;-esults' indicate that the
main part of society's losses \ﬁas been absorbed in the change from .
! ; L]
Level 1 to Level 2. The results suggest that a-further change to
Level 3 would have a relatively small impact on the potentia;l value of
the endowment. ' f /

|
g 5.3 After-tax Effects of Costs Related to Pollution Control

N

\ '

N

This section examines the after-tax effects of the estimated costs

related to pollution control on the base metal mining sector. The

3

results are based on the current Canadian mining taxation systenm.

The value to society is shared between investors and governme'ﬁt‘through

: \ ~
corporate and mining taxes. Considered as an additional cost to the

\ mine operator, taxation can affect the viability of economically
mar;inal deposits. It can decrease the number of economic deposits :
* thereby reducing the value t\o society. Taxation, however, eases the
burden of additional costs , by sharing them between investors and
government. This is accomplished through tax allloviances, resulting in
tax credits to the investor. As a result, the after-tax impact of
additional costs i\s smaller than the bef\:‘ore-tax impact of these costs.
. \ -

-

\
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Potential Value '
Potential Number of Endowment Rate of Retumn
Price and Control of Econaomic to Society on Endowment
Level Variants Deposits (§ millions) to Society
‘ -~
Lower Limit Prices
Control Level 1 56 905.6° 10.75%
Control Level 2 48 554.2 9.81%
Control Level 3 47 454.1 9.52% {=
, Expected Value Prices
\Control Level 1 , 95 5,956.8 18.37%
Control Level 2 87 5,272.0 17.54%
Control Level 3 86 5,060.9 17.22%
N
Upper Limit Prices o
Control Level 1 124 18,004.6 6%
- Control Level 2 124 17,499.3 27.85%
2
() Control Level 3 124 17,258 27.55%
{ —
¢ ‘ .
™ . TABLE 19. Potential value assessments.
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- additional costs associated with the higher control‘leyél.
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The variants-used for after-tax assessments consist of the different
| .
combinations of price and control levels: 'Costs related to pollutiom
[4 .

control are added to the database costs and current taxation rules ! ¢
\ .
(federal and provincial) are applied. Then, the actual number of

"

economic deposits, the actual value to society discounted at 8% and
_the actual rate of return 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-tax

) \

\ - ' criteria are usually smaller than variations in before-tax criteria.

@

This effect illustrates the transfer of part of the additional pol;lutioﬁ
. ) w i . :
. control costs to government through taxatiorx. Table 20 also shows that .

i

for all three metal iprice variants, most of the impact is associated
; | f

\ with changes from control Level 1 to control Level 2. To the extent
. :\ ’
that control Level 2 represents current federal regulations, it can be

’ 5 o . 4
concluded that most of the impact has already been taken. \

’
.

From the govemment;'s viewi:oint, .the transéer ofo pa;'t of the additional
pollution control cosits results in teduced tax payments . Table 21 shows
the tot’al present valﬁe of tax pa'yment§ discounted at 3%. For all metal
price variants, a change in control level results in substantial reduc-

tions of tax payments. The reducti”on'of’ government income resultiﬁé

- . L I )
from a change’ in control lével represents the government's share of the
A

Y Y
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Actual Value Actual Rate of
Actual Number of to Society Return to Society

e oot

° Economic Deposits ($ millions) %)
,i ] » 3
P
L Lower Limit Prices ‘
¥
} . - [N a
{ Control Level 1 A8 291.1 = 9.8
: Control Level 2 L 105.2 8.7
P Conttol Level 3 38 61.6 8.4

PR

Expected Value Prices ’

Control Level 1 86 2,566.7 . ,16.’3
[ a Control Level 2 , 81 2,303.6 e 15,7
{ Control Level 3 g1 2,223.3 15.4
i N ,
% Upper Limit Prices A , -
21 i ‘

R Control Level 1 ' 123 . 8,425.3 ' 24.7
P Control Level 2 119 8,044.3 24.1
; ) Control Level 3 | 119 7,923.2 _23.8
| / |
;

!
3

TABLE 20. After-tax assessments as a function of
metal price and control level. N g
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X
. ' . Present Value of ’
' : A Tax Payments R
‘ TN ($ millions)
- 3
" Lower Limit Prices ’
Control Level 1 . ' 3,074.0
Control, Level 2 2,555.2
Control Level f . / 2,395.0 .
/ Expected Value Prices —
Control Level 1 9,787.7 :
Control Level 2 9,222.1 -
Control Level 3 '9,030.1
Upper Limit Prices <
Control Level 1 ‘ 24,581.7
Control Level 2 23,777.4
Control Level 3 - 3.9

!

TABLE 21. Tax payments from all economic deposits,
! as a function of metal price and control
level,

.
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5.4 Discussion of Results . ¢
. In absolute terms, the estimated pollution control related costs , :

represent important expenditures both in the form of capital and
operating costs, as set forth in Table 17. . The sensitivity of the
economic characteristics of the base meta} mining sector to these

) additional expenditures vag,'\,7 The potential dnd actual numbers of '
A .

. . v . .
economic deposits as well as, the potential and actual values to society

are sensitive to control level changes for lower and expected metal

prices. For all metal prices, rates of return are less semsitive to -

3

control level changes.

)
At expected metal prices, a change in water pollution regulations from

the present situationl to complete elimination of discharge would,

\

according to this study, haye t.he following effects:

- The actual number of economic deposits would remain the same,

1

The actual value of the endowment to society would decrease by 3.5%.

/ ~
The rate of return to the investor would decrease by 1.7%.

N
]

1

b v s

The tax payments to government would decrease by 2.15%.

»

The rate of return to the investor, which represents the mining industry's )

incentive, merits further consideration. At expected value prices and

control Level 2, the investor's rate of return is 15.7%. It decreases

- to 15.4% at control Level 3. When these rates of return are compared !
u i
to the cost of capital of 8%, the decrease attributed to changing control

! levels appears inconsequential. "

) ! g

1Control Level 2, current federal and provincial mining taxation systems.

« . \

N

O R



TorEerTodAT et

_costs would have similar effects. Two factors support this conclusion:

” 84,
\‘\‘ ‘ . \ | .
- \'\ .

. —
In this analysis, the economic characteristics of the base metal sector _
have been evaluated under the assumption that.all mines and mills are
designed to operate at a particular control level from the start of

t

production. The effect of im‘:remental costs’ (costs of upgrading an

existing operation to comply with the higher control level) has not

been evaluated in detail. It is expected, however, that incremental

>

J

-/ The magnitude of incremental costs is similar to the'magnitude of

original design costs. s ‘ .

7
- Incrementdl capital costs would be spent at some future point in time

and incremental operating costs would be incurred afterwards. At the

+ /./ ’ E
mine development decision time, the present value of these expendi-
tures are relevant. .These present values would depend upon the timing

of therexpenditures. They would become less significant in the dis- -

counted cash flow analysis, as the time at which higher control !

N
i
\ A l

standards are imposed is deferred. o

¢
«

Of interest in the evaluation results is the type and size of deposits -
. ‘ o /
most sensitive to changes in control levels. Figure 16 shows the size )

distribution of deposits which become uneconor;lic because of higher

control levels at expect;ad metal prices. Out of a total of fourteen o
deposits affected, nine were small Cu-Zn-Ag-Au or Cu-Ag-Au deposits, o
characteristic of the shield region. For the same conditi s, Figure 16

also shows the deposits that become uneconomic because_of taxation. e

Thirteen of the twenty deposits affected have medium to large mine sizes.

Twelve of these are low grade copper producers characteristic of the

3

cordilleran region. The reason for the differential effect of these

.
3 i
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policies with respect to mine size appears to result from the different

ratios of additional costs to total costs. As shown in Table 17, the ~°

¢ .

ratio of pollution control related costs to total costs for small
deposits is about twice as large as the same ratio for large deposits.
N Another factor which is likely to influence this differential effect
. is the different economic characteristics expressed in terms of revenues
an‘d costs per ton of ore for the two different ‘déposit. types. Within
. " ! the /scope of this study, the differential effect of pollution control

and taxation on mines of different sizes is not further examined. This

effect, however, can be the subject of additional research. /
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.levels represent important portions of the actual caFital'
. [

ay

\

deposits, as well ‘as the poter'ltial and actual value to society at

lower metal prices. Other criteria of desirability remain rgl\é\—

"

tively stable over the various control levels and metal prices

Costs related to poliution control are not generally harmful to
e mining industry. They do, how,ever, show a tend|ency ;o adversely
af;:;ect small sulphide deposits typical oiJ the shield region. It
is suggested that protective measures shpuild be taken to offset

the increased costs smaller operations will incur, if highex
. ' \

control levels were implemented.

o

v

'
N

The results of this study may be used as a basis for further research

¢

in the following suggested areas:

Elucidation of the reasons for the differential effects of pol-‘

- - ! - - . .
lution control costs and taxation on mines of different sizes.

.
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ii) ‘Analysis) of the effects of incremental costs on the economic chara-

cteristics of _y’xe endowment. One aspect of this analysis would be

' “
- the detailed examination of the effect of incremental costs at the

. ) - 3
mine development decision time. Another aspect of this analysis would - {
1 K3 N 1 2
] bel the effect of incremental costs on operating mines. ]
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Metal mining 1iquid effluent regulations

Gozette du Cunada Partie IT, Vol 111, N* 3 E(_)R/ l_l_(_)_l_!SﬁT..ﬂB

Registration
SOR/77-178 25 February, 1977 .

FISHERIES ACT

Metal Mining Liquid Effluent Regulations

P.C.1977-388 24 February, 1977

His wacellency the Governor General in Council. on the
recoramendation of the Minister of Fisheries andsthe Environ-
ment, purtuant to sections 33 and 33 of the Fitherics Act, is
plecased hereby to make the annexed Regulations respectng
deleterious substances in liquid cffluents from metal mines, -

R.EGULATIONS RESPECTING DELETERIOUS
SUBSTANCES IN LIQUID EFFLUENTS FROM METAL
MINES

Shoﬂ Tirle

1. Thess Regulations may be cited as the Metal Mining
Liguid Effluent Regularions,

.

Interpreiation
2. In thesc Regulations,

SAct” means the Fitheries A}:t: {Loi)
lnlhmeuc mecan” means the average value of the concentras -

tions in composite or grab samples collected over the time
penod required by section 7; (mayenne arithmétique)
posite sampls” means
{4) 2 quantity of undiluted ¢ffluent consisting of a mini-
mum of three equal volumes of cffluent or three volumes
proportionate to low that have been collected at approxi-
mately equal time intervals over a sampling period of not
less than 7 hours and not mors than 24 hours, or
(b) & quantity of undiluted cffluent collccted continually
&t an equal rate or at a rate proportionate to {low over a
' sampling period of not less than 7 hours and not more
than 24 hours; .
(e'thanrlllon composite) :

“deposit” means to deposit or permit the dcposu into water
frequented by fish; (rejeter)

“effluent” includes mine water effluent, mill process effluent,
tailings impoundment arca effluent, treatment pond or
treatment facility clfluent, scepige and surface dranage:

. (effluent) - .

*existing mine*” means 2 mine that came into commercial
production before the datc of coming into force of thae
Regulations and thai operated o a cammercial basis for at
lcast two months in the twclve months immediately prior to
that dalc; (mine existante) - ;

.

)

Ernrcgistrement
DORS/77-178 25 février 1977

LOISUR LES PECHI.RIFS )

. Réglement sur les effluents liguides des mines de

métaux <,

2

C.P.1977-388 24 févricr 1977 )

Sur avis conforme du.ministre dss Pécherics et de FEmiron-
nement et en serfu des arndes 33 ¢t 34 de'be Ly sur les
péchenies, il plait & Son Excellence le Gomzrreur géeera! on
comseil d'établir le Réglement relasil zux subitaress rocives
présentes daas les cffluents dey mines de métaex, ai-apris.-

.

REGLEMENT RELATIF AUX SURSTANCES NOCIVES
PRESENTES DANS LES EFFLUENTSDES MINESDE -
METAUX o

Titre abrigé

1. Ce réglement peut s’intituler: Réglement sur les effluents
liquides des mines de métaux.
Interprétation
2. Dans cc rdglement, f
«chantiers comgrend tout Ic terrain et tous les travaux szrvant
ou ayant sorvi i I'exploitation minidre ou d |a préparation du
mincrai ct comprend, sans hmiter le sens géndral de c2 qui
précide, les mines souterrainces ou & cicl ouvert, lzs-biii-
ments, les aires de stockage du minerai, les terrils. les dépsts
de stériles et les étangs de traitement, abarndonnés ot non,
fes secteurs dégapés ou pertusbés adjacemts 3 ces cadroits,
les fossés et les cours d’cau oy plans d'eau, dont fa qualité a
€t modifice par Uexploitation minidre: (operation area)
«dépil de stériless désigne une aire de décharpe, Ce supetficie
hmitée, circonscrite par unc fcrmation paturelle ou un
ouvrage artificicl ou Ics deux 3 la fois; (la:lmg: fmpound-
ment area)
ecau de dramase superficicls comprcnd touts cay de ruisclle-
ment qui coule sur un chanticr minicr ou cn provient ct qui
de cc fait est contaminée; (swiface drainage)
«Echantllon composites désigne
@) un volume d'cfflucnt non dilué composc_ d'3u moins
trois portions égales d'cfNucnt ou de trois portiens prepor-
tonnctles au débnt, recellies 3 des intervalies de temps
scnsiblement dgaux, pendant une pérdode- & échanulion-
rage d"aw mwins 7 hewres et d'au plus 24 heurcy, vu
b) un volume d’cfflucnt non dilué prélevé de fagon conti-
nue 3 un débit constant ot 1 un débit pmh‘r:ioqncl 3
cclui de Veflluent, pendant’vne période déchastillonnage
d'au moins 7 heures ct d° 4w plus 24 heures;
{composite sumple)
edchantillon pris au hasards déwanc un volume d'cfTlucm non
dilué recucsili A un momaent yuelcongue: (grub samiple)

. . 57
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“expanded minc™ meins an existing mine that has increased
its production rate by more than 0% of s refercace mine
production rate, {mune @ production uccrue)

“final discharge point” means the pornt beyond whuch the
opcrator of-a nung exercises .o further coatro? wver an
effluent, (po:at de rejct final)

“gold minc” mecans a punc where the go?d produced from the
mine is recoverad 1n the operation arca by the process of
cyanidation and accounts for more than 50% of the value of
the output of the nine; (mine d or)

*grab sarple” means a quantity of undiluted cffluent collect.
ed atunv given time; (échanullon prs au hasard)

“metal” includes antimony, bismuth, cadrmum, ¢ob e, copper,
chromur.i, gold, iron, lcad, mzgnesium. mercury, molyb-
denum, nickel, niobium, silver, tuntalum, tin, thormm,
titanium, tungsten, uranium and zinc, (snétal)

“mill process effluent” includes tatling s'urries and alt other
effluent discharged from a mailling opzsation, (¢ffTuenis des
installations de priparation du minerai)

*minc” includes all metal muning and milting fzcihties that are
used to produce a ractal concentrate ar an ore from vhich a
metel or metal concentrate may be produced and 2l
associated smelters, pelletizing plants, sintening* plants,
rcfinerics, acid plants, and any simiiar cgeration yherz any
efflucnt from such opzrat:on s combined withPthe effluents
from mining and milliag; (smine) \

“mine water effluent” means water pumped or flowing out of
any underground workings or open pit; (efﬂuem: dmu
miniére)

“Minister” means Minister of the Enviconment; (Ministre)

“new mine” meant 3 mine that @id not start commertial
production prior to the dote of conung into force of these
Regulations and that commences commercial pzoduction on
or after that datce: (mine nouvelle) |

“operation arca®™ includes all the fand and works that ar¢ used
or have bzen used in coyunrcion wvith mmmg or milling
acnvny and, without lim:ung the gencrality of the foregzo-
ing, includes oren pits, uncerground sines, bul]dmgs ore

Pstorage areas, aclive and adepduacd waste rock dumps,
active and abandonuud talings unpowadment areas and treat-
ment ponds, cleared or dysturhed
places, structures or arees and diiches, waicreourses or
water bodies the character of which have been ohered by
mining rcunty. (chantier)

“refcrence mine praduction rote™ mears the groater of the
design rated copaaty and the mramem e 2anenal
produumn rate ever achieved dunee the vperwung e of

nmine prior to the « de of curunp n'o toree of Prae Repalas
tions; {rpthn -+ de prodouction de seforence)

merns 2 mite that reunes predieron enor
after the €ate of cornng irto force of theve Resnlations and
that had rot been wogeratimi tor move than vo months in

“the twebie wonth perad snnadntely prior o e date of
coming iate foree of these Regulatons, (nure reanse on
ceplontalion)

“surface dramage™ wcludes all surface run-off that Nlows over,

through or out the operatton ares of a mine and that i

668' ‘ .

ureas adjacent o thoss |

sefflucnts comnprend les ctfivents d'ean minidre, ks efffyents
desamtallations ¢ préparation cu menerar, les ol sats des
dépats de stérles, fes effMuants des Stangs ou des 1tala-
uons de traiternent ¢, los cauy ¢nfiliration ou de JSrainiee
superiicicl, (effTneny - X .

ecfflucnts d'ecat mindres dusigne (s ciux POrpécs ow rejetées
P une mine <o lerrane ou 4 e 1 vrsert, (mune water
cffluent)

sefflucnts des anstalletions de prineraiior du minerors” coms
prend les boues stéth et tout autre Tver , rejetés & la
suite de fa prépeation de nuacea:, (ed! § rocess offTazne)

sitdng de irattements s ne ur w30y nRe lugune ou toule
avtre dendue Terz b agtre 9 ungti 250 fe y3nitas et servant
au tra.ement € Ly efluent: Lreatiert po.nd)

eLot¢évpne la Lot surfes péchories, {Aul)

smatiére totcle en suspension- désigns va résidu non filted
provenant €& et plotativg 2'ure rrins ot centeau cans un
effluent liquide &2 L maae: L1072l susjended mettor)

«métals compsand anbvnmac, le birsrat'y le cadmiom, le
cobalt, e cuivre, I chrernce., vor, Ie fer. Ie rlem®. Je magné-
sium, le me-cure, b moty2i3n2, i mechel, le niobium, Var-
gent, I= taptale, le te, 1z thorue, Iz titanc, le tungsténe,
I'uranivm et le zine, (nretel)

amssriee eampiend i'Lascmbl: des instellatiane d'extraction ct de
préparancn cu nperai, preuisaat a1 conzearré mére lhigue,
ou un miserai A purur dogecl on oyt abtenir fe métal ou ua
concentré ¢t toutes les installations connexes. fonderies

ateliers de tezletage cu e frittags. refiineries, fabriqua,

d'acice ¢t autres du méme genre, dont les efffuenis se
combizent 3 ceua Ces instalatiors dextraction el dc pripas
ration du miacra, (mune)

emine 4 production ace ve- ﬂécignc unz mins existante dont la
productivitt a ¢t accruz do zlus ce 20 par rapport 3 son
rythine de production de rufirenes, (expunded mire)

amine ¢'o*s désigre ure mine ot J'or preduit est réeupéré surle
chantier par cyvenurat on ¢t comstitue plus €e la moitid e la
vajeur e la product.on. (geld mine) .

emine cxstante» désyne tne mure dont 1a predection indus.
trielle a débuté avanl Ly date d'entréc en vigneur de ¢
réglement et 2 el inuntenue rendant au moins deux mos
af couss des doure mois aysnt présédé imumédiatement cette

date, (existirg rang)

am:ne neaveller ¢é91ere une mme domt fa production indus
trre'le a-Ceduté 1 ou apres la date @' «.n.n.e en vigueur de ce

' ré[lcncnl wew nie)

snune nmnc en cxrtatations disepac unr mine dont la produc-
ton A7rzpry & o s g date d'entrée en viguewe de ce
réglenaeat ot qm na prs dre sxplotdé pendent plus de Coux
mois 20 cours Ces dow ¢ mots ave ol précede immédiatement
c1te date, {rcopcnd ame ¢)

Shmstro disgene fe minsire €o PEavirennement, (Mansier)

smosenis anthmiliiidues cesivie ‘e valear moyenne ides con-
cemtranons dans ey cchantllons, composies ou priv v
Pacrd, rzoucil! s ooy la pirade de temps indiguce A
Yarucle 7; (aretlincin mean)

st dibace onalifez ve ctfluent auguel aucunce addition dea
n'a o fate pranapdement alin de satisfare aux hisate:

2
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- contaminated as a result of flowing over, through or out of
that arca, (eau de dramuge superficel) .

“tailings unpoundment arc1” means a hmited disposal area

prescritey § Farticle $
{undiluted)
«paint de rejet finale dénipne le point au-dela duquel Fecploi|
. that iy confined by nuan-made or natural structures or by tant d'unc nine n'evaree plus aucund influence sur fa qualid :
both; (dépt de stériles) . ; @'un cffluent, (inual diciarge pong) i’
“total suspended matter” means the nonfilterable residuc that  erejeters sigmific dépuser ou permetire que sont déposée unc
results from the uperaton of a mine, that is contained 10 substance duns des caut ponsonneuscs, {(deposit)
hquid f:fﬂucnt from“the pune: (matriére fotale” en  qyihme de productson de riferences désigne fo rythme mave
suspension) . mal de production thévnque ou. 't est plus élevé, le rythme
“treatment pond™ meansia pond, lageon or other confined moyen maximal de production annuflic obtehu au cours de
. arca, other than a taihings impoundmeny arca, used 10 treat  -la durée dexploitation d'unc miune, avant lu date d'entrée en

au supct des  rejets autoriséy;

an. .Iucn}; (étang de traitement)

vigucur de ce réglement (reference mine production rate)

‘. Application

. .3 These Regulations apply 1o €very new mine, expanded
mine and reoperfed mune, other than a gold pune.

N Substances Prescribed as Deleterious Subsiances

4 For the purposc of paragraph (¢) of the definition
“deleterious substance™ in subsection 33{11) of the Act, the
following substances froni the operatians or processes of a
N ( Ty . mine to which.these Regulations apply are hereby prescribed
" as deleterious substances: !
(a) arsenic;
{b) copper;
{¢) lead;
{d) nickel;
(e) zinc; ‘
(/) total suspended matter; and
{) radium 226

Authorized Deposit of Deleterious Substances

5. (1) Subject to these Regulagions, the operator of a mine
may deposit a deleterious subslméc prescnbed by section 4
(a) the monthly arithmenc mean of the concentration in
cach urdiluted efftucnt of that substance descrnibed in an
R item of Part | of Schedule ) docs not exceed the concentra-
tion 1 column 1 of that em and the monthly anthmetic
mean pIt of that effluent is not less than the value sct out 1
‘column 1 of Part 2 of that schedule:
{b) the concentration 1n a composite sample of cach undilut-
cd cffiucnt of that substance Jdescribed in an item of Part |
of Schedule | doss not cxweed the concentration i column
B It of that item and the pH of the composite sample 15 not
les¢ than the value set out in column It of Part 2 of that
- schedule, and’ .
(¢) the concentration in d grab sample of cach undiluted
cffiycnt of that substance deseribed m an item of Part 1 of
Schedule 1 does not exceed the conuentration i column Fit
of lb,ll ten and Qe pH of the grab sample is not less than
the value et out in column H1.of Part 2 of That schedule.

{3

Application

3. Ce riglement s'apphique 3 toutes Jes mincs nouvelles,

remises cn c\p!m(:st:gn ct d production accrue, saul les mingcs
d'or. .

’

Substances [T’(Iare'a nocives .

4. Aux fins de T'alinéa ¢) de Ja définition de esubstance
nocives, au paragraphe 33(11) de 1a Lo, les substances énumé-
récs ci-aprés provenant des opérations ou des procédés d'une
mine visée par cc réglement sont déclarées nocives.

a) V'arsenic; .

) le cuivre; AN

¢) le plomb;

d) le nickel;

¢) Ie zinc; : *

J) les matidres 1otales en shspension: et

2) le radium 226,

Rejet autorisé de substances nocives

. o
5. (1) Sous féscrwc ce réglement, l'exploitant d’unc mine
peut reseter Ios substances déclarées nocives” & Particle 4. 3
condition que !
a) la moyennc arithmétique mensuelle de la concentration
dans chaque ¢fflugnt non diué de chacune des substances
visées dans un article de la parise 1 de I'annexe § ae dépasse
pas fa coneuntration indiquie par cct arhicle dans 1a coloane
I, et que 2 moyenne anthméuyue menseelte du pH de cet
efftuent ne smt pas nféricure d la valeur mdiquée 3 la
colonne Idela partic 2 de Fannexe,
) la concentration de chacunc des subsiances visées dans un
article de It partic 1 de P'annexe 1, dans un éhanution
composite de-chaque ¢ffluerit- non dilué ne dépasse pas Ia
concentration wndiguée par cet article dans Ia colonne 11, ¢t
que Je pH de 1 echantllon composite ne <oit pas inferieur 3
la valeur indiquée & Ia colonnc 1l de la partic 2 de Fanncxe;
ot . -
£} la concentration .de chacunc des substances visées dans un
artigle de Ia partie 1 de lannexe 1, dans un échanullon pris
au hasard de chaque cfllucnt non dilué ne depasse pas la

S
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conpentration indiquée par cet article duns I coloary 11, 0t ,
que le_pH de et echanullon re sont p,n mtésiear 1l e "
. X . indiquee & 1a colonne 11 de by partic 2de Fannen £
- g - . . . N *
{2) Notwithstanding subsection (1), the operator of 2 mine {2) Nonobsteat le paragraphe £1), Foxplotant e -,
may deposit the de us substanees proscribed by section 4 puut regeter nimporte quelle quaniile oy SoreRT e g
in any quantits or concenifution into 2 tahogs impoundment  substances nounes, visdes J Particle 5, danmy un depot e ety :
e area designated in writing by the Munuster que le Minntre a désigné pas dont )
. ¢ ' . .
ADDITIONAL CONDITIONS OF AUTHORIZATION® . CONDITIONS SLPPLS MENTAIRES D ALTOFISATION
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General

6. An cperator of 2 mine shall
(a) install ard maintan facilines of such type as the Minis-
ter may in writng approve for samphng and analysing
effluents for the purpose of enabling the Minister 10 ‘doter-
mine whether the operator 1s complyng with the limits of
authorized depasits prescribet by scction §;
(6) take grab or composite samples of cach undiluted efflu-
ent at its fina) discharge point on the regular basu pre-
.scribed by section 7;
{c) analyse the samples referred to in paragraph (b) on the
Jregular basis prescribed by section 7;
(d) where possde measure or m any other case estimate the
volume of each undiluted effluent deposited per monthat its
final discharge point on the regular basis prescnbed by
.section 9; and .
(2) within 30 days after the end of cach month, send to the
Minister 2 report, in.such form as the Mmister may in

writing approve, containing the information prescribed by

section 10.

Frequency of Sampling and Analysis
7. (1) Subject to subsection (2), the samphng and analysis

" referred to in paragraphs 6(4)'and {c) shall bc made

{a) oncc a week, where the arithmetic mean of the concen-
tration 1n undiluted effluent of 4 substance described 1nan

. -item of Schedule 21 the immediately preceding six months

was cqual to or grealsg than the arsthmicus mean set outin
column I of that item;

() once cvery two wecks, where the arithmetic mean of the
concentration in undiluted effiuent of a substance described
in an item of Schedule 2 in the immcdiately preceding six
months was equal to or greater than the anthmetic mean set
out in column 11 of that item but ess than that set qut i
column | of that item; '

(c) once a month, where the arithmetic mean of the concen-
tration in undiluted ciflucnt of 4 substance described nan’
item of Schedule 2 1n the immediately preceding stx months
was equal 1o or greater than.the arithmetic mean set out
column J11 of that item but less than that sct out in column
11 of that item;

{d) once every six months, where the arithmelic mean ol’ the
concentration in undiduted cffluent of a substance desenbed
in an item of Schedule 2 in the Immediately precedny sis
menths was less than the anthmetic mean sct out in column
u /or that item, and -

Panalyse visés aux alinéas 65) ¢t ¢} ont hicu

Dispositon génerele o

6. L'explottant d'une mune

a) anstalic ¢t entreticnt les apparcils d Gohantifonesy
d'analyse des effluents que o Ministre 4 approaves nar
el quy perindttent & celur-al de juger @ fes banates de covct
prescrites a Iarticle 5 sont raspeciées.,

b) préiéve des échantillons composites ou pris 2u Wosare do -
chacun des ¢ffluents non d\l\m Y luxr pornt de rejet h. at
aux fréquences indiqus t
) analysc les échinutlons vises & I° almca ) aux fréquences
indiquées & l'artidle 7;

. d) lorsque c'est possible, mesure ou, dans tous es autres cac,

évalue aux frequences indiquées 4 IMarucle 9 e volume des
rejets mensuels de chaque efflucnt d son pont de reget hinal,
[

e) dans les 30 jours de la fin de chaque mois. coic au
Munistec un rapport, €tabli suivant un modéle qite celui-ci a -
approuvé par écrit, contenant les remseignements prévui &
I'article 10.

: Fréquence d'échantillonnage et annlyse

7. (1) Sous réserve du paragraphe (2), Péchantillunaage et
:
a) chague scmaine, si Ja moyenne arithmétique des concen-
travons dans clflucnt non difué de I'une des subsiances
indiquées & l'annexe 2 a été &gale ou supéricuse, au cours
des aix mois précédents, & celle de 3a colonne 1 K
b) toutes les deut semaines, si la moyenne anthmétique d=s
cancentrations dans I'cffluemt non ditué de F'unc dus suo-
stances indiquées 4 annexe 2 a été égale ou supérneure, au
coufs dos s1x muis précédents, 3§ celie de ls colonne 1 mais
inféricurc 4 cellcdela colonne I;  ~
¢) chaqise mois, si Ja moycnne arithmétique des concentra-
tions dans Pefflpent non dilué de une des substances inds-
quées & Fannexe 2 4 &€ egale ou supéricurce, ay cours des siv
mais précédents, 3 celle de Ly colonne HE man infencure 2
celle de la culonnc {1,
d) tous les si1x rhois, st la moyenne aruhmcuquc des cansen-
trations dans P'effluent non dilvé de June des subsances
indiquées 3 lunncve 2 3 &té mfincure®du cours des wumas
préctdents, A celle de la colonne I, et .
¢) chaque semaine au cours des six premuers moss d'explovas
tion d'unc mine,

reafh
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(c) onct a week for the first six momhs of aperation of a ,

miné,

{2) The sampling and analysis of undiluted clfluent to

determine its pH level shall be made .
(a) once a week, where the pl:.! of the undituted effluent was
Iess than SO at any time in‘the m\medmtcly preceding six
. months;
(5) once every two weeks, where the pH of the undiluted
effluent was between 5.0 and 5.5 a1 any time in the smmedis
* ately preceding six months,
(c) once a month, where paragtaph (a) or (b) does not
apply ur '
(d) once a week for the first six months of operation of a
mine.

i Analytical Test Methods

8. (1) For the purposes of section 5, the concentration in

undiluted effluent ol a substance described in column I of an
item of Schedule 3 shall be determincd using -
{a) the test method referred to incolumn 1 of that iteth as
modified by the directions in columns 111 and 1V for proce-
dure and sample preservation respectively; or
() any other’ method, approved 1n writing by the Minister,
the results of which can be confirmed by the method
refersed toin paragraph (a).

(2) For the purposes of seciion 5, the pH of undiluted
efflucnt shall be determined using

() the test method prescribed by section 221 of the publica-
tion “Standard Methods for the Examination of Water and
Waste Water”, 13th Eduion (1971), published jointly by the
American Public Health Association, American Water
Works Association and the Water Pollution Comrol Federa-
tion; or

(b) any other method, appravcd in writing by the Mlmstcr.
the results of which can be confirmed by the method
referred toin paragraph (a).

. f
Flow Measurement
9. The measurement or cstimation of volume of undiluted
efﬂuem referred to in paragraph 6(d) shall be made monthly,
unless the lowest frcqucncy of sampling and analysis pre-
nbcd by subscction 7(1) is cvery sIx months, in which case
the mecasurement or :snmauun shall be made every six

months.

-

A

Reporting
10. A report referred to in paragraph 6(e) shall con /mn the
following informatien respecting the month in, rcspccl which

the report is made:

{0) the arithimetic mean concentraions /(m/mllhgmms pet
. liter or p:cocuncs per linee) of the dcluenous substances in

. -

491 ’ RN

’ ’

(2) Lanalyse et Véchantillornage d'un cffluent non dilué
pour déterminer son nneau pH ont hiew

a) chagque semaine, sl a4 €té mféricur & 50 & un momeny

quelconque durant les s1x mors précédents.

b) toutes les deus semaines, >l a €& entre 50 et 5.5 3 un

mament quelconque durant les six mors précédents: -

¢) chaque mois, lor‘squ:: les alinéas a3 ou b) ne vappliquent /

pas; ou

d) chaquc semaine 3u cours des su premicns moi3 « er pior-

tation d'une mine.

, Méthodes d’essal anal) n‘que:s

8. (1) Ahx fins de l "article 5, Ja concentration dars | cfﬂuent
non dilué d'une des substances \IW
3 sc détermine

a) par la méthode d’cssai visée & la colonne 11, modifiée par

les indications inscrites aux colonnes 111 et 1V, relativemeént

au modc opéraltoire et 4 la conservation des échantilions: ou

b) par toute autre méthode, approuvée par écnt par le

‘Ministee, °dont les résultats peuvent étre vérifiés par la

méthode visée A Falinéa a).

(2) Aux lins de lvamcle S, le pH de P'effluent non dilué se
détermine

a) par la/mcthode d'essai prescrite A 1a scction 221 du

recuedl Standagd Methods for the Examination of Water. >

Waste Waters, 13* éduion (1971), publi¢ conjointement *

par 'American Public Health Association, Y American

Water Works Associgtion et 1a Water Poliuton Conlrol

Federation; ou

b) par toute autrc méthode, approuvée par &rit par le

Ministre, dont les résultats peuvent clrc vénfiés par la

méthode viste & I'alnéa a).

o

_ Mesures du débiy

9. Les mesures ou les évaluations du volume d'elfluent non
dilué visé & 'zhnéa 6d) sc font mensuellement A moins que ha
fréquence minimale des échannillonnages ct des apalyses pres-
crits au parageaphe 7(1) nc sout tous les six muois, auquel cas, |
clles sont cffeciudes 4 Ctjuc fréqucnce,

T
.
N °

7

Rapporl , .
10 Le rapport visé A I'alinés 6:) conucm les rcnmgncmenu [,
suivants pour lc mois auquel il sc sapporte: !

‘g) la moycnne arithmétique des concentrations (e milli-
grammes ou cn picocuries par litre) des substances nocives
dans chague cffluent non, ditué rejaté, ot 1a moyenne anithe

OH 6’:”
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-cach undiluted effluent deposited and % arithmetic ﬂan
pH of undduted elfluents depostied: ,
1) the concentrations of deleterious substances in all sam-
-ples used to determine the arnhmetic mean concentrations
releesed to in paragraph (a).
(c) the pH of all samplcs used to determine the anthmetic
mean pH rcferréd to in paragraph (a).
{d) the volume (in Impenal galions pef month) of cach
undiluted effiucnt deposited; and !
{¢) the type of samplc collcction (composite or grab) used

métique du pH de chaque cffuent non dilué rejetés

b) les concentrations dec substances nucines dans tous les
* échantillons ayant servi au caleul de 4 moyennc arithmén-

que des concentrations visée d ahinca a). .

¢) te pH d= tous les échanulions avant serv au caleul de 1a

moyennc arthméuque du pH visée a 1'alinea a),

d) le volume (en galions infbiriaux par mow) de chaque

¢ffluent non dilué rejpets, et -

¢) le type d'échantillon {composite ou pris ax hasard) utilisé

3

pour chaque cffluent rejeté.

for cach cfflucnt deposited.

i

@

\

kY

. Permirted Varidtions in Additional Conditions

. 11, Where the op[r:lor of a mine establishes to the sat:sfac-
tion of the Ministcr“that for scientific and techmeal reasons a
scheme of sampling and analysis, measurement or estimiation

. or reporting refcrred 10'in scctions 7. 8, 9 and 10 other than at
the regular time interval fsequencies required by those scc-
tions, is sufficient to enable the Minister to determine whether

. theoperator is complying with the hmits of authorized depos-

fts prescribed by scction S, the Mimster may, in writing,

permit the operator to ’ \
(a) take and analyse samples of cach undiluted effluent in

_ accordance with the scheme on a regulak basis specified 1n
the permit, ;

{b) measure or estimate the volume of each effluent in
socordance with the scheme on a regular basis spetified in

Déroganons aux copditrans supplimentaires

f1. Lorsque V'exploitant d'une mine étabht 4 {a sadisfaction
duMinistre que, pour des raisons $Cienufiques et techniques,
un mode d'échantillonnage et danalyse, de mesures ou dévi-
lualiops, ou de présentation de rapports 3 wpe fréquence
différente de celle visée aux articles 7, 8, 9%t 10 suffit pour
permettre au Ministre de juger s les limites de rejet prescrites
4 l'article § sont respectées, ce dernier peut autdriser Iexploi-
tant par écrit
o 0)cd prélever et 3 analyser les échantillons de chaque
cffluent non dilug, selon le mode et aux fréquences indiqués
sr le permus, \ - '
) & mesurer ou & évaluer Je volume de chaque cffluent,
selon le mode et aux [réquences indiqués sur J¢ permus, ou
0)-4 envoyer le rapport ay Ministre, selon l¢ mode et aux YA

the permit, or fréquences indiqués sur I permis, '
(c) report to the Minister in accordance with the scheme on et les articles 7, 8,9 ¢t 10 ne s'apphquent pas i Fexploitant 57l
a regular basis specified in the permt, . sc conforme aux perms. N -
and sections 7, 8, 9 and 10 do not apply to the operator if he " :
% complies with the scheme on the regular basis specified in the
permit. . N
v § . :
. . \
o SCHEDULE 1 ANNEXE 1
- o
- PART 1 PARTIE | .
AUTHORIZED LEVELS OF SUBSTANCES CONCENTRATIONS AUTORISEES DES SUBSTANCEE
Colums ) Celuawn 11 Columa il C;lonu I Colonnc 11 Coloane INT,
' Masimum Concenteation
Authorized ‘Maximum Maximum 1 C L
Monthly wthorized Authonzed Avtonsde mazimale maximale
Arithmeti aton i C ! {moyenne autontdedans  mutorikedins
Mean s Compunie inaGrad ~ arithmétique un échantllos  wa duhantillon
fum  Substance Concentration  Sample Sample Atticlk  Sub tie) 7 peis wu harard
1. Arsenic 0Smg/l- 078 mg/1 10 mg/l 1. Arsenic 03 mg/1 0,75 mgfl 10mp/l
b A Copper 0.3 emg/1 045 mg/l 06 mg/l 2 Cuivee i 0Jmg/l 0.48 mg/t 0.8 mg/}
3 Lead 0.2mg/t 03 my/t 04 mg/h 3 Plombd 0.2 mg/t 0.) my/) 0.4 mg/l
4. Nicke! 03 my/l 019 mg/t | 10mg/t 4 Nichel 05 mg/! ° 0,33 mg/l 1.0 mg/l
s ' I 03 mg/t 07 mg/1 1omg/) 3. b 0.3 mg/} 0,75 mg/4 1.0 mg/}
&  TYoul o\ Mandre A
Surpended . totaleen
- Matier 30 mg/} "N mpt , 00m/) swspension 23.0mg/? 31.5mg)} $0.0 mg/!
12 Kadiem 226 100 pCi/) 200pCi/t 30.0 pCi/t 1. Rediwm 226 100pK1/1 20.0 pOiA 0.0 pCr1
NOTE: The concentraivms gre given 31 total valucs with the excepuion of  RFMARQUE: Ces concentratioms représentent des valeurs totales, saul por fe * ¢

" Radrem 226 whcNis & disalves value afier filtration uf ihe sample throwgh a 3
migren fiftet.
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3 PART 2 . . PARTIE2

# — AUTHORIZED LEVELS OF pH ’ CONCENTRATIONS PH AUTORIST Iy

i ‘ - e e
X .
¢ Columa ! Columa it Columa 111 Coloane | Coloane 1 Colvnne 111
] - Miriimem Ao
o Avthorized Mimmum Dot tmasemne  Dwtemedomun b ot un
¥ Monthty Authonzed pHin  Mimmum anthmétique echanulion &b tlor peis
K Aritkmetic mean a Compoute AvthorzedpHin o o, mmcu?} com, '.u aubasverd d
’{ * Parameter pH Sample 7 2 Grab Sample s - ;
3 - T 4 E
. , o ¢ T} .50 oM 50 53 s0 | .

: LI ~ - k-
: ° SCHEDULE 2" - ANNEXE? .
) f * .
DETERMINATION OF FREQUENCY WITH WHICH UNDILUTED FREQUE’.:’CE D ECHANTILLONNAGE D'UN EFFLLENT FINAL
EFFLUENTS ARE TO BE SAMPLED AND ANALYSED FOR * NON DILUE ET DU DOSAGE Dt CERTAINVES SUBST ANLLYS 7
. - . PARTICULAR SUBSTANCES . '
; N . P . E
? ° Colemn 1 Celuma 1l Column 111 . . Colonned Colonne 11 Colonne 11
: . N AtLeast Every At Leant . Au motns toutes }
’ M Av moins towtes  Jes deux Ay MmO tous
| k : l‘,‘p‘““ Weekly I" Weeks If s :'-w"m’ " ll:l semaines, si  semaines. st la fes mows. s la
\ IsEqual ToOr EquilToOr i3 Equal ToOr 0 - ation est avoa ]
v R “est égale ou’ égale ou st égaleou
R fiem  Substance Greater Than Greater Thas Greater Thaa Adticle  Subsfanca suptneure 4 supérienre d supénicurc 4
. 2 e
- 1. Anemc 0.5 mgft 02 mg/1 010 mg/l 1. Arnscoic 0,5 ng/! -0,2 mg)! 0,10 mp/1 3
- f 2. Copper 0l mg/) 01 mg/) 005 mg/) 2 Cuivse - 0.3mg/1 0.1 mg/! 0,05 mp/1
t ( * 3 Lead 0Img/) 01 mg/t 005 mg/! 3. Plomb 0.2mg/) 0,1 mg/1 0,05 mg/! -
. 4. Nickel 03 mg/d 02myg/! 0.10 mg/1 4 Nickel - 0.8 mg/t 0,2 mg/1 0.10mg/1 M
! s. 2inc 05 mg/) 0.2 mg/t 010 mg/!l 5. e 0,5 mg/l 02 mg/1 0.10 mp/i
' 6. Total 'S Maudre )
Suspended . totale en !
\ Matter 5 mg/t 207 mgfl 15 mg/t suspeasion 23 mg/i 20 mp/t 15 mg/t . )
pe
. , 7. Rudwm226  100pCy/} sDpCi/t 8 pCifi 7. Redum326  100pC/) 5.0 pCy/} 23 pCift
; ' f
: NOTE: All concentratisns given arc total values with the exception of Radmm  REMARQUE Ces concentrations représentent des valeurs totales, sauf pour e i
N . 226 which is a dissolved value after filtenng the sample through a 3 micron  Radium 226 od I'échantdion ayant traveesé wn filire 3 pores de 3 microns '
i fitier. Radium 226 need be measured an only thase nuaes in which there s douverture est ensuite dissous Le Radium 226 cst meswré dans les moncs &

Y’ fadicecuve ore. mincrais nil-o-iuh seulement, & p
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SCHEDULE)Y -~
ANALYTICAL TEST METHODS FOR DETERMINING CONCENTRATIONS OF SUBSTANCES IN LIQUID EFFLLENTS
Columa ! Column It Column 11} Columnly - Columa ¥
Sample
Item Substance Test Method Procedure Presenaiion *References
I Arsenie Colonmeint HNO;-1S0, digestion loliowed by AsHy TopH 1 with ]
» #eaction with silver dicthvidsthivagbamate 1INOy N
2 Copper Atomic Absorption Samplc 1t digested wath HUFHNOj before YopH 1 with 234 -
Spectrophotometry analyss N0y -
3 Lead ° - * - 2.3.4 )
4, *, ckel - -~ - \ - 234
3 - i . “ - = 234
[ Radium 226 Radon Emanation « covnning (rom Ra 222 - 5
1 Toal Suspeaded Gravimetne he Fulter through W haiman GF/C or cquivalent. . | .
Matier N Oven dry bt 105°C 10 no furthar weight foss .
*l, Amerxcan Public Health A (APHA), “Standard Methods N ) '
for the Examination of Water and Wastewater *, 13th Edivon {1971),
2 Methods 1n Geoch y and Geoph At Abswrp! pece
trophotemetry in Geologv. B A. Anpinc and G Hillings, American -
Elscvicr Publishing Compuny Inc , 1967 .
) Atomic Absorption Spectrophotometry, 2nd Edition, W T Elwell , ™y .
sndJ A F Gudicy, Perpammon Press, 1986 S
4, Atomic Absorptica Spectroscopy, W alter Slavin, John Wiley & Som
Inc., 1968 v !
s Lucas, H F., Review of Seienufic Instruments, 28, page 680 (1957). \
il < . .
-
‘ ANNEXE 3 *
METHODES DE DOSAGE DES SUBSTANCES DANS LES EFFLUENTS LIQUIDES R *
Colonne } - Colnc tl Coloane 111 Colonne 1V Coloane ¥ *
' Conscrvation des :
Arscle  Substance Méthode d'essns Mode optratorre R échantillons *Réftrences
| .
1. Arsenic Colornimétne Minécalisation dans HNO;-H,SO, sumic de la Apuster lepH a ) ]
. réaction de AsHravec Ig diéthyldithiocasbamate avee HNOy -
d'argent
2. Cuivre Absorption atomique Minéralsauon de Péchanuilon dans HCI-HNO, AjpusterlepH A 1 2,34
. Spectrophotométne avant | analyss avec HNOQ;
3. Plomd - - N » 2.3.4
4 Nicket - - - 2,3.4
s, Zinc - - - 23,4
[} Radwm 226 Fmanation de radon Comptage de 12 radio-actvilé afu Rn 222 s
. Matitre 10tale en Gravuimétric Filtration au W aiman GF/C oyl dquvatent 1 ,
suspension - Séchage d Hétuve, 4 105°C, jusqu'd pords stable
.
1 Americon Public Health Association [4P 4} +Standurd Metkods :
JSor the t xamincuna of 1 ater ond ¥ ottesaty, ¥ edinon (1971
2 F A Anpno et (i Hedlings  Methods it Geos hemisiry ond Geophy -
< gies Atonnc Ahyurptina Spe,troprotumeley in Geology, Amencon °©
Elserier Publishing Company dne 1967
3 W T Hiweliet) A F Gudier 4tomi dhsyeption Speciruphotome-
try, Y gdition Pergammon Press 1986
4 Walter Slasin, Atamie Absorption Spectiascopy, Joha Wiley & Sors B
Iac, 1948 .
b) Lucas, H |, Review of Screntific Insicuments, 28, page 630, (1957) .
Ay N r N
i )
QUEEN'S PRINTUR 10R CANADA.OTTAWA, 1977 N IMPRIMEUR DE LA REINE POUR LE CANADA, OTTAWA, 1917
! ' . \
614 . 8}

Pl B Hkhan 3 CuklilveTIN a3 A

o mar s

Y A Pkl o Y S

o w2

RS

r——




A

T L e e e 2 S = S

~ » Ca— . s . - Cm g age v fexmymbe SEETAATIO L NIV ISSE O FTT ARy AT RO 7T T ORI WY SORT | TR MY TR A, e

}
v
.
f

£ L, )

. APPENDIX 2. Possible economic deposits for evaluation

Appalachian Region

NEWFOUNDLAND ‘ . .

Daniel's Harbour (1964)*: Newfoundland Zinc Mines (Teck-Amax) **
East (1964): Consolidated.Rambler Mines g
Ming (1970): Consolidated Rambler Mines I . 1 \ i
Whalesback (1961): British Newfoundland Exploratidg i

. NOVA SCOTIA

Gdys River (1973): Imperial 011
Salmon River (1962): Yara Min. (Barymln Exploratlon)

NEW BRUNSWICK / . \

v !

\

P :
Brunswick (1952): Brunswick Mining and Smelting (Noranda) ) 5
Caribou (1955): Cominco (Anaconda) ¥
Clearwater (1956): Chester Mines (Conwest) o ,
' Key Anacon (1953): Key Anacon Mines
. Little River (1954): Heath Steele Mines (Amax- Inco]
( Murray Brook (1955): Placer Development (Silver Standard) . .
Nigadoo (1953): Nigadoo River Mines (Sullivan) x ;
Restigouche (1956): Placer Development (Silver Standarh)
Stratmat 61 (1963): Cominco
Wedge (1957}: Cominco -

. QUEBEC . ; \ ‘ : P
Cupra (1960): Sullivan Mining, Group ' ‘ ;

l Madeleime (1966): Madeleine Mines (McIntyre) i

| Solbec (1958)7 Sullivan Minlng Group '

o9
e

. Shield Region k\\’ ( .
QUEBEC
Cobke (1968): Falconbridge Copper (Falconbr1dge) .
Copper Rand (1952): Patino Mines ‘ \\t
Corbet (1974): Falconbridge Copper . (Falconbr1dge) . E
Delbridge (1965): Delbridge Mines (Falconbridge)

3

N e .
* Piscovery date.
%* Parent or affiliate organization.

N
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" Anderson Lake (1963): Hudson Bay Mining and Smelting

~

Detour A (1974): 'Selco Mining Corp.

Detour B (1975): Selco Mining Corp.

Henderson (1956): Campbell Chibougamau Mines

Icon (1964): Icon Sullivan (Kerr Addison)

Joutel (1958): Joutel Copper (Kerr Addison)

Kokko Creek (1953): . Campbell Chibougamau Mines

Lemoine (1974): Pat1no Mines .

Lessard (1971): Muscocho Explorations (Selco) -
Louvem (1968): Louvem Mines {SOQUEM) N
Magu51 Rlver (1972): 1Iso Mines (Noranda)

Mittagami (1957): Mattagami Laké Mines (Noranda)

Millenbach (1966): .Falconbridge Copper (Falconbridge)

New Hosco (1958): New Hosco Mines (Noranda) ,

New Insco (1973): New Mnsco Mines (Noranda)

Norbec (1961): Falconbridge 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 Algom)
Portage Island (1958): Patino Mines

7

ONTARIO

Copperfields (1953): Copperfields Mining (Teck)
F Group (1970): Mattagami Lake Mines (Noranda)
Geco (1953): Noranda Mines

Jamieson (1964): Canadian Jamieson Mines

Kidd Creek (1964): Taxasgulf Canada '

Lyon Lake (1970): Mattagami Lake Mines (Noranda)
Mattabi (1969): Mattabi Mines (Noranda)

McIntyre (1959): Pamour Porcupine Mines (Noranda) e
Pater (1954): Rio Algom Mines , : X
South Bay. (1968): South Bay Mines (Selco) -

Sturgeon (1970): Sturgeon Lake Mines (Falconbridge)
Thierry (1970): -Union Miniere Explorations and Mining
Tribag (1962): Tribag Mining (Teck) .
Willroy (1953): Willroy Mines

MANITOBA i

Centennial (1969): Hudson Bay Mining and Smelting
Chisel Lake (1956); Hudson Bay Mining and Smelting
Fox (1961): Sherrltt Gordon Mines

Ghost Lake (1956): Hudson Bay Mining and Smelting
Osborne Lake (1953): Hudson Bay Mining and Smelting
Reed lake (1973): Freeport Canadian Exploration N
Rod (1968): Stall Lake Mines (Falconbridge)
Ruttan (1969): Sherritt Gordon Mines

Stall Lake (1956): Hudson Bay Mining and Smelting

I SOEE R SN0 i gy e SR L AT S RCTT E R K T RN S IS (il Ty TN By
v

AR skl 2

e

Westarm (1973): Hudson Bay Mining and Smelting o
White. Lake (1963): Hudson Bay Mining and Smelting
Wim (1968): Hudson Bay Mining and Smelting

o AN T Bl S5 #- T et
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"’ Sustut (1971):

\ 99.

SASKATCHEWAN \ .

Hudson Bay Mining and Smelting
Anglo-Rouyn Mines (Rio Algom)

Coronation (1953):
Waden Bay (1952):

NORTHWEST TERRITORIES

Hackett River (1970): Cominco (Bathurst Norsemines)
Hood River 10 (1974): Taxasgulf Canada ) .
Izok Lake (1975): Texasgulf Canada

Nanisivik (1959): Mineral Resources International (Metallgesellschaft)

Cordilleran ngion "

BRITISH COLUMBIA

Afton Mines (Teck)

Noranda Mines

Benson (1967): Coast Copper Mines (Comlnco)

Berg (1963): Placer Development (Kennco)

Bethlehem (1955): Bethlehem Copper

Boss Mountain (1963): Noranda Mines

Brenda (1966): Brenda Mines (Noranda)

Churchill Copper (1958): Consolidated Churchill Coppexr (Teck)
Craigmont (1957): Craigmont Mines (Placer)

Davis-Keays (1969): Davis-Keays Mining (Kam Kotia)

Endako (1962): Endako Mines (Placer)

Galore Creek (1962): Hudson Bay Mining and Smelting (Kennco) N
Gibraltar (1969): Gibraltar Mines (Placer)

Goldstream River (1974): Noranda Mines . -
Granduc (1953): Granduc Operating (Newmont)

Granisle (1962): Granisle Copper (Granby), .

Harper Creek (1967): Noranda Mines (U.S. Steel) = .
Highmont -(1962): ' Highmont Mining

Afton (1971):
Bell (1962):

Huckleberry (1964): Granby Mining (Kennco) -
Island Copper (1967): Utah Mines 3\
JA(1971): Bethlehem Copper . "

Kitsault (1961): Climax Molycorp. of B.C. (AMAX)

Kutcho Creek (1974): Esso Minerals

Lornex (1965): Lornex Mining (Rio Algom) - u
Maggie (1970): Bethlehem Copper

Mineral King (1952): Sheep Creek Mines

Morrison (1964): Noranda Mines

Red Group (1974): Texasgulf Canada (Silver Standard)

Robb Lake (1971): Texasgulf Canada (Barrier Reef)

Ruby Creek (1968): Noranda Mines‘(Adanac Mining and. Exploration)
Sam Goosly (1968): Kennco Exploration

Schaft- Creek (1964): Silver Standard Mines (Liard Copper)
Similkameen (1967): Similkameen Mining (Newmont)
Sunro (1957): Jordan Rivér Mines {

Falconbridge Nickel Mines

Trout Lake (1970): Newmon (Esso)

Valley Copper (1968): Valley Copper Mines (Cominco)
Western (1962): Western Mines N
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YUKON TERRITORY

Y

Anvil (1965): Anvil Mining Corp. (Cyprus) \

Casino (1969): Brameda Resources (Lasino Silver) ,\\

Grum (1973): Kerr Addison (AEX Minerals)

Husky (1967): United Keno Hill Mines (Falconbridge) '

Howard's Pass Anniv (1973): Placer '(Essex) \ !
Howard's Pass XY (1972): Placer (Essex)

»
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Minto (1972): Falconbridge Nickel Mines (Asarco, Silver Standard)
New Imperial (1957): Whiteliorse Copper (HBM§S)
. Swim Lake (1965): Kerr Addison Mines

Tom Group (1951): Hudson Bay Mining and Smeltlng

Vangorda (1953): Vangorda Mines (Kerr Addison) .

Other Regions | ;;;) ‘ o
NORTHWEST TERRITORIES [ - R
é (7 Cé&alta‘(1974): édminco; , [
. . Coronet (1965): Cominco
. Polaris (1971): Arvik Mines (Cominco-Bankeno) X
d Sphinx (1965): Cominco-
! 408 (1966): Cominco .
: | ,
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APPENDIX 4. Curves used for the evaluation of technical charac¢teristics /
.__/;__._____‘_,

and costs of operations associated with water pollution control

COST (S/FT. RUN)

2800 — SUIMES SLOPE
SanD RATIO |
! * 22%t
2600 {—o
2400 e DRAINAGE / 1
BLANKET !,
20 / i
2200 pb— - -~ A 4
1 STARTER DOWNSTREAM METHOD / /
. DAM
200¢ [SL™Mes ;7

1800

1600

.

CYCLONE

/

DOWNSTREAM / /
METHOD ’

1400 SLIMES ! Ty
1200 / \m
UPSTREAM METHOD STARTER
- DAaM ’ / &
1000 /
/ * BASED ON UNIT DRAGLINING
800 1— COSTS OF S043/CY
600 r—-
400 L— UPSTREAM METHOD -
. — -—ef> —_ = ¢
200 }— - .
1973 PRICES
o L1 I T S N
o]

20 40 60 80 100 120 140 160 180 2QO\220 240 260

i

DAM HEIGHT (FT)

/

" Figure 22, Cost of dams constructed of tailings. <

Reproduced from Mine and m#ll wastewater treatment by J.S.Scott and

K. Bragg, EPS/3-WP-75-5, Environment Canada, 197S.
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Figure 23. Cost of zoned dams.

1

Reproduced from Mine and mill wastewater treatment by J.S.Scott and

‘K. Bragg, EPS 3-WP-75-5, Environment Canada, 1975.
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Reproduced from Mine and mill wastewater treatment by J.S.Scott and )

K. Bragg, EPS 3-WP-75-5, Environment Canada, 1975.
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Reproduced from Mine and mill wastewater treatment by J.S.Scott and

3

K. Bragg, EPS 3-WP-75-5, Environment Canada, 1975,
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Figure 27, Cost of motors. Reproduced from Mine and mill wastewater treatment by J.S.Scott and
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Figure 28. Pipe coOsts.

Réproduced from Mine and mill wastewater treatment by J.S.Scott and

K. Bragg, EPS 3-WP-75-5, Enviromment Canada, 1975. . ' ;
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Figure 29, Surface water drainage system costs.
B
Reproéduced -from Mine and mill wastewater treatment by J.S.Scott and
li
K. Bragg, EPS 3-WP-75-5, Environment Canada, 1975. )
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Figure 30. Neutralizing reagent costs.

Reproduced from Mine and mill wastewater treatment by J.S.Scott and

|
K. Bragg, EPS 3-WP-75-5, Environment Canada, 1975.
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Reproduced from Some recent experiences in the treatment of acidic,
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metal-bearing mine drainages by A. Bell, K. Phinney and S. Behie,

'

C I M Bulletin, December 1975. o
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APPENDIX 5. Inflators Used in Cost Evalluations

2ot R s MR R R R e B

% ~ E
i- N
‘ )]
i
0 i
: . . : Inflation i
. A
: R Year Multiplier %
s 1970 o | 192 T ' ;
H N 4
. 1971 1.85
] ( 1972 1.79
1973 < 1.69 -

H
5
¥
£
£
1
7
3
%

1974 ' 1.47
1975 132
1976 ’ 1,25
1977 1.18 ‘ .
1978 : 1.10 .
1979 ' 1.00 ' :

S

b e

Table 22. Inflation Multiplier ’ ,

i ! K
i 2o 7"

| - e
Note. ’i‘he 1nf1at10n Multiplier 1}5 used to convert historical, currexrt %

money cost data to 1979 constant money value equivalents.
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Figure 32. Flow chart legend.
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Figure 49. Operating costs for increment C
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