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EXECUTIVE SUMMARY 
- This paper reports on the fifth Environment Canada/ Statistics Canada survey of industrial ‘water 
use. Questionnaires, sentto just over 5100 establishments in the mineral extraction, manufacturing, and_

I 

power generation sectors, were the primary survey instrument used. These were followed up by many » 

telephone calls to clarify responses and to elicit firrther information. With respect to power generation,- 
‘ 

only plants in the thermal power sector -are covered in this paper. 
_

’ 

- The paper is largely descriptive in nature and ‘is intended as a summary of survey results, The ‘ 

database containing the results of this su_rvey,(and_ previous ones) is a relatively rich primary source for‘_ 
future analysis in the field of water demand management. ’ 

'- The remainder of this Executive Summary lists the conclusions that emerged from the paper. 

-C Canadian industry, composed for current purposes of the mineral extraction, manufacturing, and 
thermal power sectors, uses prodigious amounts of water as a basic and essential input to production. For 
the two largest users, thermal power and manufacturing, water use is very "extensive" in the sense that 
relatively little recirculation is used. The potential for increased recirculation, to make water" use more 
efficient, is very large. The fact that action here occurs at a "snail-li_ke" pace reflects the low cost of 
water to industrial users. . 

- 

r C ‘ 

- "Recirculation rates in manufacturing continue to decline, as they have done over the entire 1972- 
1991 period. This trend appears related to two primary factors: the large abundance of water relative to 
needs and the exceptionally low costs of self-supplied water. 

- By far, the greatest proportion of industrial water is derived from self-supplied systems. All 
major industrial operations have their own intake facilities and draw only smalllainounts of water from 
municipalities, principally for sanitary and other domestic uses- There is, however, a signifi_cant variation 
from this general finding for industry groups characterized by smaller plants or by plants requiring 
potable water (e.g. the foods and beverages groups). Theseplants tendto draw more onmunicipal 
supplies than plants in the so-called heavy industries. To the extent that the former employ only

' 

rudinientary forms of water recirculation, they tend to exacerbate the overcapitalization of municipal 
water systems. 

'° Canadian industry, with few exceptions, still practises only elementary wastewater treatmerfit 
methods. Even the most positive interpretation would find that just over 40% of discharges are treated 
by means of primary, mecha'n_ical methods. Even less is afforded more advanced treatment. The survey 
showed that between 50% and 60% of industrial discharges are untreated at present-.-_ 
'- 

_ 
The industrial pl_an'ts included in the survey, for the most part, discharged their wastes, either 

untreated or partially treated, directly to surface waters. A relatively minoreportion of waste water was 
discharged to municipal treatment systems. The amounts discharged to municipal systems showed a 
substantial relationship to plant size, with smaller plants tending to use public facilities to a much greater 
extent than larger plants, principally because of the costs i_n_volved in building, operating, and 
maintaining on—site treatment ‘facilities.



°. 
‘ Canadian industries paid less than 1% of their gross value of shipments for water and wastewater 

conveyancing. As noted at several places in the paper, the fact that water is "cheaper than dirt'_‘ is 
_ 

‘thought to explain why Canadian industries are relatively primitive. in their water using practices. 
I 

° 
4 

. . 
‘Industrial’ water use has _grown consistently through the entire. 1972-19911 period covered" by the 

'

, 

series of industrial water‘ use surveys by Environment'Canada and Statistics Canada. Growth in the 
thermal power sector, the largestwater-using sector, was the chief contributing factor in this growth, 

. dwarfmg all of the other sectors. Manufacturing water use grew during the 1972-1981 period, but has 
fallen substantially since 1981. Because this decline in manufactjuringwater use was accompanied by 
falling recirculation rates,‘ increasing water use efficiency is not the explanation for decreased

' 

manufacturing water use. Rather, the“autho’rs believe thatstructural changes in the Canadian 
‘ 

manufacturing base are largely responsible for this trend’ inmanufacturing water use, but this will remain 
hypothetical until the required, research is conducted to show this structural change effect. 

- ~ 
' Total water use was dominated bythe thermal power generation industry, -which accounts for 

over‘ two-thirds of total gross water use by the industries surveyed. Almost exclusively, plants in this 
vindusty, which are located adjacent to large water bodies, employ oncesthrough cooling systemsand

" 

recirculate no water. One exception isla thermal power plant in Alberta. In terms of current economic 
conditions and relatively narrow private or. quasi-private interest, once-through cooling is justified to _ 

—-maximize retumson investment. on the other hand, it is antithetical to sustainability principles, 
especially should increased water rents be iniplemented in the interests of encouraging more efficient 
water use. 

' 

-

' 

A 

- Theexplanation forthe water use inefficiencies observed in this paper resides to a large degree 

' 

pricing, rent capture, and effluent discharge-fees.‘ 

in the lack of economic incentives to adopt better methods. In spite of a number of unjustified "myths" 
that" have developed concerning the use of economic principles for improved water use, .the authors -

‘ 

believe that economic, reform holds the key to_- increased efficiency. The principal mechajnismsthrough 
which this will occur arethe adoption of existing improved management practices, such as recirculation 
technology, andthe future occurrence of technological changes to alter production’ processes and/or 
products themselves.‘Such changes are highly_unlikely without basic economic reforms, s_uch‘as realistic
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1. INTRODUCTION 

1.1 Background and Purpose of the Report 

Industry forms an important part of the life blood of Canada's economy. The advanced and sophisticated 
nature of the country's industrial base indicates membership in the small group of the world's most developed

A 

nations. In 1994, Canada's income per capita» averaged around $20 000. Based on the United Nation's Human 
Development Index (World Bank, 1992), in 1992, Canada was rated as the world's most favourable nation in 
which to live. The -economic power that underlies this measure is attributable in large part to the county's industrial 
base.‘Thus, in considering water resources in the industrial context, we are. examining a basicand very important 
part of Canada's economic fabric. ' 

'
8 

Until the issue of sustainable development was raised by the U. N. Commission on Environment and 
Developr_nen_t- (UNCED, 1987), relatively little attention was paid to the use of enviromental resources by industry. 
Traditionally, it was acknowleged that industry used prodigious arnounts of "water, air, and land resources to carry 
out its functions. Many persons concerned with environmental studies _acknowledged that industry _was a major 
source of materials damaging to environmental quality, and it was commonly believed that this pollution problem 
could be dealt . with by "end-of-pipe" treatment measures mandated by regulation and enforced thoughlegal 
sanction. Seldom was an analytical connection made between processes that curtailed water use (commonly 
termed water conservation) and decreases in pollutant loadings. ‘ 

Thisreport will present an alternative way ofviewing the industrial use of water resources. Although the 
primary focus of the report is to summarize the findings of a recent industrial water use survey, the framework 

A 

within -which the discussion takes place is that of water demand management (Tate, *1 990). This framework 
suggests that water isa "demand" imposed by industrial firms on the environment, as opposed to a “requirement" 
that must be met. Water demand is neither fixed nor static, but rather can be altered very substantially by policy, 
research, economic forces, education, and the like. Further, throughout the paper, water useis viewed, in all of its 
dirnensions, as a vital ‘mu; to the industrial process. Even the act of discharging wastes can, and should be 
viewed-, in the first instance, as an input to production, rather than merely as a means of discarding, waste. 
materials. This nontraditional perspective, dealt with in Section 6, offers some significant insights into the ways in 
which economy and environment can be "integrated," as called for by the sustainable development approach 
advocated by UNCED, and as adopted by the federal ‘and provincial governments in. Canada. 

_

‘ 

Inventories of resource usage chronicle many important transactions between humans and their 
environment. In the case of land use plarming, inventories have formed the basis for the planning process "itself. In 
Canada, studies as diverse as the Royal Commission on the Future of the Toronto Harbourfront (1990) and the 
Environment Canada study entitled Stress on Land (Simpson-Lewis et al.-, 1983) have used basic resource 
inventories as their fundamental source of information. Similarly, to be effective, water management studies must 
have an objective, neutral source of data on basiciresource usage in order to carry out their respective mandates.“ 
Although usage information can be compiled at the time of any -particular study, researchers, planners, and 
managers are in a much more" favourable position if they have, available a time series of _relevant information. 

Researchers in the past 25 years have built a rich literature in industrial water use (see, for example, Bower,
I 

1966;«.de Rooy, 1970; Kindler and Russell, 1984; Tate, 1984, 1986; Renzetti, 1987). Several general observations 
have emerged. First, water use is multivariate in nature, with physical, technologic, economic, and policy factors 

. all contributing to the level of water, usage. Second, the studies have shown that waterruse-is actually a "demand" in 
the economic sense in that as price rises, usage or demand falls in a predictable and statistically significant 
fashion. Third, thelevel of water use can be influenced heavi_ly by action to control water pollution. Fourth, 
industries can adapt their water use to conditions of ‘availablity, such that regional patterns are definitely 
discemable. Finally, with sufficient information, water managers can influence the industrial location decision. 
These factors have all influenced the design of the Canadian industrial water use surveys.



The foregoing background‘ has been used to build a small continuing program of surveys and analysis "on 
Canadian industrial water use. This paper describes the results of the 1991 version of this program. It updates 
similar surveys, carried out in 1972 (Tate, 1977); 1976 (Tate, 1983 ); 1981 (Tate and Scharf, 1985) and 1986‘ 
(Tate and Scharf, 1992). Data collected during the 1991 survey have already been used in a variety of federal, 

» provincial, and private sector studies, and publication of thisstatistical summary represents the final stage of the 
survey process. Although presentation ofthe survey results fo_rms the principal aim of the paper, the paper also 
provides the opportunity to discuss some fimdamental issuesof-importance‘ for future environmental management. 
In this way, the survey results can contribute to a discussion of the sustainable useof water resources. 

1.2 Purpose and Scope ofthe Survey 

The 1991 Industrial Water Use Survey comprised a mailed survey to just over,5 100 industrial 
establ,_isl1'me'nts conducted under the federal Statistics Act-, and administered by Statistics Canada. Several 
dimensions of ‘ind_u_stria_l water use were of interest, including: = ‘ 1 

-_ 
_ 

A basic inventory of the volumes of water being used by industry. Water use parameters for this inventory 
included water intake‘, recirculation, gross water use, consumption, and discharge‘. 

A 

- An examination of the basic end uses (e.g. cooling, processing) to which the industrial water is put. 

. V‘, A compilation of a few basic economic parameters (e.g. employment, value of shipments), in order to
I 

relate water usage to measures of economics activity- 
‘ - 

9 Assembly of sufficient information to allow the computation of an approximate price for waterto the 
A

' 

A 

plants surveyed. . 

_ 

A 
« 

_ 

d

. 

- _'Collection'of basic data on industrial waste tfeatrnent. 

The survey is limited in a number of ways. It did not survey all Canadian industrial operations, which 
number between 35 000 and 40 000 establishments. Resource constraints dictated this luirnitation. Sampling 
procedures were not used. Instead, the survey was sent to a preselected universe, and results imputed for non- 

» respondents on the basis of results received. No data on physical output were collected, as outputs from large 
, 
operations can vary widely in type. Collection of this information was beyond the scope of the survey. Finally, no . 

data were compiled on the quality of effluent streams, due both to the survey method and to the complexity of 

sampling industrial effluents. 
“ 

A 

'

1 

1.3 Report Outline 

This report describes and discusses the quantitative results ofthe survey. It draws descriptive observations 

about wa_teruse patterns in the various subcomponent industries‘, but does not attempt to provide an 
in-depth 

analysis of these patterns. In-other words, the report presents basic survey results, which can then be used 
for many 

types of analyses by a wide variety of ‘researchers. 1 

‘ 
Section 1.4.1 defines these wa.te.r'u,_se,tenns in detail.

I



The remainder of section 1 details various aspects of themethodology used to carry out the project. Section 
2 begins the substantive part of the report, with a detailed outline of ‘water use in m_a'nufac'turi_n'g, organized by 
sector and province. The focus-is on the five main parameters of water use described in_ section 1.4.1. 
The discussion includes the sources of water for manufactming; the treatment of this water prior to use; the basic 
end uses to which water is put; the gross, or total, amount of water used in manufacturing; and various aspects of 
waste disposal. In addition, it outlines the basic economic data collected, including the costs of water intake (e.g. 
pumping, licences, etc.), intake treatment, waterrecirculation, and waste treatment. The sum of-‘these four cost 
parameters, averaged over a plant’s total water intake, can be used as a proxy for the price of water (de Rooy, 
1970). 

Sections 3 and 4 repeat-the coverage of section 2, for the mining and thermal power sectors respectively, 
but in abbreviated fo'rm.- Because this survey is the fifih of a series, Section 5 looks very briefly at majortrends 
since 1972-; The purpose here is descriptive, not analytical,- and, although some possible explanations for these 
trends are suggested, these are ‘merely working hypotheses, not confirmed results of detailed statistical analyses. 

Section 6 extends the water use discussion into the field of resource sustainability and policy, showing 
how this inventory exercise relates to and can underlie management decisions in the future. This section uses 
concepts from the field of water demand management and microeconomics to provide what we consider to be the 
best contextual framework within which to view industrial water use. Section 7 presents the report's conclusions. 

1.4 Survey Concepts and Methods 

1.4.1 Basic Survey Parameters 

In documenting industrial water use, five basic parameters are of interest: water intake, recirculation, gross. 
water use, water consumption, and wastewater discharge. Figure 1 shows the relationships between these 
parameters, which are further defined in this section. These parameters have been used in all of the Canadian 
industrial water use surveys, and areconsistent with those used in other nations. 

Total water intake refers to the total amount of water added to the water system ofthe plant to replace 
water discharged or consumed during production, It may be broken down into the amounts withdrawn from 
various sources (e.g. surface water, groundwater, etc.) and the amounts used fonvarious purposes, or end uses. 
The latter refers to the initial use of water in these purposes — cooling, processing, condensing, and steam 
generation, and sanitary and other purposes. Cooling and condensing water refers to that water used for the 
production of steam or the dissipation of waste heat. Processing water refers to water that comes in‘ contact with an 
intermediate. or final product of the manufacturing operation. Sanitary water use serves basic human sanitary , 

requirements at the respective industrial plants. '

A 

Recirculated water (or recirculation) refers to water used at least twice in an industrial plant, and in 
Canada applies mainly to manufacturing and mineral extraction activities. Recirculation does not refer to water 

‘ 

used a number of times within a particular process subsystem of a plant but only to water that leaves a particular 
process subsystem and re-enters it or is used in another process. Recirculation and water intake combine to form 
the water input system of a plant. 

'
' 

Gross water use refers to the total amountof water used in the production of the product. It is the sum of 
total water intake and water recirculation. *



Water consumption (or consumption) refers to 
Water that is lost in the production process. In "other Figure l 

' A Generalized View of an Industrial 
words, consumed water is not returned to itsuoriginal Plant ‘water SY3t°m ' 

source. The two major portions of consmned water are ‘ 
-

— 

escaped steam and the incorporation of water into —a 
product,‘ as for ex‘_a1'nple in the production of soft drinks. Water 

Consumption Water consumption is a strictly '3'local'i' concept for the 
purposes of this paper, and refers to water not returned 
to the source of abstraction in the vicinity of the plant in 
question. In the broader context,’ because of the earth's 
water cycle, water is never really "consumed." For 
example, evaporated water falls back to the earth in the 
form of precipitation, and is not "lofst"lto the . 

Water 
Discharge 

"Water
I 

_Intake 

I 

Gross Water 
Use 

environment as a whole. In this paper, "consumption" is ~ 
« 

T 
. 

'

1 an accounting concept used to describe the water
i 

balances at single plants only.
A 

Water 
Recirculation 

Wastewater discharge (or discharge) refers to 
water that is returned to the environment in the form of 
water usually close to the plant. Discharged water may 
be treated or untreated. Together, water discharge and 
water consumption form the effluent subsystem of the J 

V

N 

plant-. » The of these two parameters is approximately equal to the total water intake of the plant.
' 

1.4.2 Questionnaire Design 

On the basis of the preceding section, two identities can used to quantify industrial water use. 
On the intake side, " 

_ 

I A 

» 

' ' 

' 

- 

’

. 

('1) 

- Where: I =cthe quantity of water intake 
R =. thequantity of recirculated water G ='the quantity of gross water use 

I+R% 

On the discharge side,
e 

I 

I-C=D ‘(2) _l . 

V 

. \ 

Where: C = the quantity of water consumed
I 

D = the quantity: of water discharged 

This survey collected data on intake, recirculation, and discharge. This allows the other two parameters to be 
. calci1,la_ted.— 

The questionnaires used for each of the four industrial sectors — mineral extraction , manufactiuing, 

thermal power, and hydro power'—'- were quite similar in construction (see Appendix). Some variations were 
' made in_ the two power generation sectors to allow the collection of data peculiar to those sectors. All data were . 

collected on an armual basis. The general description which follows is based on the manufacturing and mineral 
vextraction sectors. 

' ' '

'
‘



Section 1 of each questionnaire requested basic information on employment, plant operations, and product 
descriptions. Section 2 collected . information on the monthly pattern of water intakeand discharge, and their 
annual totals. The sources of ‘water intake were covered in section 3, and section 4 requested details on the various 
treatments given to the intake water.) Both volume and cost inforrnation were requested sections 3 and 4. 
Section 5 was concerned with intake water by purpose and section 6, with data on the volume of recirculation, as 
well as an estimate of the cost of recycling. Section 7 was ‘devoted to the various types of treatment todischarge 
water prior to discharge. Finally, section 8 concerned data on the discharge‘ of the effluent by discharge point and ~ 

the cost of waste treatment. - 
'

» 

1.4.3 Respondent Selection 

The survey included plants inselected categories of the manufacturing, mineral extraction, and electric 
power sectors of thercanadian economy. The mailing list used has evolved over time, particularly with regard to 
the manufacturing sector, and, to add perspective, the development of this list is summarized here. During the first 

‘ 

survey in 1972, questionnaires had been sent to a relatively large number of respondents who used Very little r 

water. To omit these smaller users, the 1976 survey was sent only to members ofthose industries classified as- 
belonging to the 10 largest water-using two-digit SIC groups2 within the manufacturing sector. For these 10 
groups, only those establishmentsthat had received the long-form questionnairesa during the armual -Census of 
Manufacturing were selected. In 1981, the metal fabrication sector was added, because of its potentially high water_ 
use. Further revisions occurred for the 1986 survey, due largelyto Statistics Canada's revision to the SIC system. 
For example, the food and beverage industry was split into two components, foods and beverages. Similar

I 

revisions lead to the survey of 14 manufacturing groups, again usinga "universal" ‘selection of long ‘form 
respondents. The mailing list for 1991 was compiled on thesame basis as that for- 1986.

i 

The selection of establishments to be surveyed in the mineral extraction industrywas based on the selection 
used in 1986, except for the deletion of the peat extraction industry and the crude petroleum and natural gas plants 
(located in Alberta and surveyed in 1986). Basically, an ‘attempt was made to include all significant operating ' 

mining establishments. All thermal power plants in operation were included in the 1991 survey. As in 1986,’ a 
sub-section _of the 19.9 1 survey was devoted to the hydroelectricpower generating plants. 

I

- 

1.4.4 Response Rates 

The number of plants and the response rates obtained varied among the four sectors surveyed (Table 1). 
The manufacturing sector, with 4477 questionnaires, comprised the largest sector surveyefd._ Oftlrese 
questionnaires, 3060 were returned, for an overall response rate of 68%. The remaining 1417 plants surveyed 
either (1) sent back returns that contained basic information such as employment, operating days, and product 
descriptions but l_i_t_tle or no water use information, or (2) refused to respond. For both types of returns, water use 
information was estimated from the respondent data to obtain survey totals‘. For the mineral extraction sector, the‘ 
response rate was much higher at 89%. In the two electric power sectors, completed questionnaires were received 
for all plants. The aggregate response rate for the entire survey was 72% (Table 1). 9 

2 Standard Industrial Classification (SIC), as defined by Statistics Canada. The two-digit level is the "coarsest" level of the SIC, and 
includes major industrial groups like thefood industry, the paper and allied products industry, and others. The 4-digit level is the 
"flnest" breakdown, which isolates sub-categories of industry (e,g. sugar refineries, pulp mills, and so on). See "Statistics Canada, 
1980. I * t ’

‘ 

. 3Lon‘g-form questionnaires are used to collect the most detailed information about characteristics such as employment, output, 
resource use, value of shipments, etc. They ‘contrast with "short-form" questionnaires, which collect only information. 
4Estimation procedures ‘are described in sub-section 1.4.5.



1.4.5 . Estimation-Procedures for Non-Respondent Data 

As in the previous surveys, estimation procedures providedwater use data for n_'on-respondents in the 
maufacturing and mineral extraction sectors. These estimations used coefficients of water use per employee 
developed from the respondent data, for each industry at the four-digit.SIC industrylevel on a provincial basis, 
multiplying each water use coefficient by the employment for the non-respondent plants. The e_stimates were then 
added to the respondent data to provide aggregated results for each parameter. Where the provincial set of 
responses for a particular industry were too small to form reliable coefficients of water use per employee (judged 

_

' 

to be fewer than three observations), coefficients from the national level were used to provide the estimates. No 
estimationswere required for the electric power sectors, because the survey in these sectors was complete. 

The assumption underlying the n‘on-respondentestimates was that plantsin the same industry in the "same 
province use essentially the same processes. Theoretically, this assumption. is not wholly acceptable (Whittington, 

I 

1978; Tate, 1984), but was used here as an approximate, means of obtaining complete estimates of water use by _

’ 

sector and spatial unit. In general, estimations were required only for the smaller plants. However, a much larger 
proportion of Alberta manufacturing plants and ‘mines had to be estimated,[due to several technical problems, such 
as personnel and budgetary restraints encountered by the provincial staff who had originally agreed to conduct the 
Alberta, portion of the survey. ' 

' 
V

. 

1.4.6 Survey Responsibilities . .

' 

. 
. . 

« 
.

. 

The l_991 survey was »a collaborative effort by Environment, Canada and Statistics Canada, Statistics 
Canada personnel guided tl_1e~select_ion of potential respondents from the Censuses of Manufacturing, Minir__1_g= and 
Energy, and undertook to receive the completed questionnaires using their system for "tracking" questionnaire 
surveys as they progress. Environment Canada staff undertook allother tasks, such as selection of industry (SIC) 
groups to ‘be surveyed, questionnaire design, editing, data processing, and publication of the survey results. 

Table 1 ' Summary of Responses for the 1991 Industrial Water Use Survey, by Response Parameter 
A 

and Sector 

“s¢‘¢tf,,= 
“ T ' 

. row] number of ‘of’ Number of non- Response rate 
. 

. questionnaires. . respondents responden1s'_ 
, 

‘ (%) 
’ 

Manufacturing 
’ " 

447.7 . 
30.60 

V 

’ ‘I417 — 
» 68, 

« Mineral . 

A if 

. 203 
‘ 

. 

I 

180 
r 

Z3 89 

Extraction 
' 

« 

g 

-
. 

Thermal Power 
_ 

66 ' 

g 

‘ 

‘ 
‘ 

66 
l 

0 
p 

100 

_ 

Hydro Power * 358 358 0 ~ 100 

Tom, 
1 

‘ 
’ 

5104 3664_ 
l 

. 1440 
_ 

72 

. _ K 
_”

i
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2. MANUFACTURING WATER USE 
Water forms an essential input to the manufacttiring process, regardless of industrial sector. Without water 

to serve’ cooling and processing purposes, to act as a catalyst and to convey waste materials, industry would be 
unable to frmction. The availability of water supplies in sufficient quantity and quality is one of several irnportant ' 

‘ considerations in thelocation of most industrial plants, and git/comes as no surprise that the overwhelrning majority 
of Canadian manufacturing plants are locatedcadjacent to large sources of water. ‘Given the huge volume and, for 
the most part, adequate quality of these sources, as well as the exceptionally low prices of water, it isalso no 
surprise that Canadian manufacturing plants use water extensively, with few considerations for conservation, 
recycling, and reuse. These-observations are replete with implications for public resource management policy, as 
will be shown in section 6 _of this paper. '- 

A 

» 

_ 
/

’ 

The aim of this section is to document the basic facts about water use in manufa_cturing,,~ identified by the 
industrial water use survey. As shown ‘in Table 1, the survey covered just under 4500 individual plants in the ' 

manufacturing‘ sector, including all of the largest plants in the country. This section presents the survey results, first 
on an industry-by-industry andthen on a provincial basis. 

A
' 

2.1 Industry-by-Industry Water Use Patterns 

2.1. 1 General Characteristics 

. Over 733 .000 persons worked in the 4477 manufacturing plants surveyed (Table 2). These plants 
represented the majority of large water-using manufacturing plants in Canada, and about .43%_ ofjthe nation's total 
manufacturing employment. The remaining employment occurred in industries which are relatively small water 
users that were not surveyed. The surveyed plants withdrew a total of 7282 million cubic metres (MCM) fi'om 
ambient water bodies in 1991 (Table 3), and had a gross water use totalling 14 088 MCM. Accordingly, water

, 

. recirculated within the surveyed plants totalled 6806' MCM. In other words, recirculation effectively "stretched" 
the sector's water intake by’ a factor of two. The use rates for the manufacturing sector as a whole was 193%, down 
slightly from 198% in 1986. Water consumption totalled 520 MCM, or approximately 7.1% of total withdrawal, 
and 6762 MCM were discharged to ambient water bodies adjacent to the plants, or to municipal sewer systems. 

Paper and allied products, primary metals, chemicals and chemical ‘products, food, and petroleum and coal 
products industries were the five largest water-using manufacturing groups covered in the survey. Together they 
accounted for about 90% (93%)° of total intake and 91% (93%) of "total discharge and 78% (89%) of total 
consumption. 

\ 

V

_ 

5 The use rate is an index of water recirculation within a plant or industry. It is calculated as: 
(Gross water ater intake) * l00% 

'

’ 

° 1986 data are in brackets



Table 2 Employment (number of persons)-in"Surveyed‘Manufacturing Firms"-, by lndustry Group and Province, 1991 
’

\ 

those subsequent to it. - 

A
\ 

=coi1siderations. The “standar ” names used appear in Table 3; and 

_Industry Newfoundland P.E.I. Nova New Quebec ' 

Manitoba Saskat- Alberta » 

_ 

British Territories Canada
A 

group 
‘ 

- Scotia Bnmswick ' 

. 

" 
' 

. 
- 

' chewan . 

' Columbia » Total 

,' Foods 
1 

15 1'15 2 563, 8 805 - 11 162 23_446 50 688 4991 
_ 

I 

3 190 9249 11 239 ' 43 . 14049.1 .' 

’1Beverages 508 -- 625 763 7 014 6963 
v 

791 462 » 1438 
1 

1609 -- 
. 20173 g: 

: 

Rubber -- -- 3 800 -- 4 413 
A 

_ 

10 469 
_ 

-155 
“ -- 390 — 175 . 

" 

-- 19 402 7 

Plastics 30 -- 430* 152 205 19 240 864 
V 

173 
‘ 

1 719 
A 

2 436 
V 

-- 33 249
. 

‘Textiles -- -- 456 
A 

90 
’ 

7628 7183 685 177 
_ 

-- 16 219 

Textile -- -- 250 _ 4 117 2 593 -4 -— 200 =- -- 7 160 1 

products v 

Wood 230 
1 

' 55 436 ' 2 095’ '8 889 . 4 425 97 336 2 108: 23 744. 4 42 419 

Paper.& 2 271 -- 2 832 _5 04.1 _ 
31 070 24 551 1 392 - 816 2 800 15 643 -- 8,6 416 

* allied 
’ 

» 

V
- 

_ 

.v Primary —- 710 550 6 233 089 51922 4 480 
A 

1007 _ 2 65.8: 5309 -- 89 725
’ 

' metals. \ - 

_ 

‘ 

_

~ 

Metal 80 275 343 943 9023 ‘17 862 1 039 523. 
_ 

_ 
2 924 3 l_07 _14 136 133 

fabricating . 

- 

' 

_ 
_

‘ 

Transport ~ 606 
‘ 

_ 

135 
9 

2 507 3 670 29 999 » 96112 4 452 40 
_ 

1 313 . 2 188 —— 141 022 
equipment 

_ 
,

_ 

Nonmetal- 
9 

276‘ - 15 662. 686 8 6451 17 540 818 389 » 3 219 2 861 -- 35 1111 
lie mineral 

1 

— - '1 
‘ 

1 - 

" ‘

- 

‘products 
1 

. 

p _ 

Petroleum ‘225 -- ' 494 
_ 

‘_450 1 155 3 ~ -- 440 1 856 1 108 20 9 392 

. Chemicals - 103 68 480 192 16 242 ' 31 661 "561 
' 

372 4 323 2 394 , 

-— 56 396 

Canada 19 444 3 111 22 830 25' 794 182 935 344 853 ‘ 

' 

19/460 7 748 34 882 71-990 81 ' 733 308 
5 total 

A 

A - 

' 

1 
' V ' 

4
' 

-- No employment reported. 
_ i _ 

1. The ‘industry group names used in this table have been abbreviated because of space



Table 3 ' 

Selected Characteristics of Manufacturing Water Use (MCM/‘ycar'), by Water Use Parameter-and Industry Group, 1991 

’ 

6806.5’ .14 088.6- 

Industry group Numbier of pE‘rnp1'oyment1(000s) Intake Recirculation Grosswater use Discharge Consumption . 

p ants - 

‘ 
9 ‘

' 

Food products 1 029 140.5 347.2 192.7 539.9 320.1 327.1 ' 

. ‘Beverage products 131 20.2, 73.4 16.4 89:8 6.1.6 
I 

11.7 

Rubber products: 
_ 

I 

' 

69 19.4 20.7 
' 

55._7 1 76.4 18.7 
A 

2.0 

Plastic products 
I 

.398 33.2 -41.6 267.3 308.9 38.8 218 

Primarytextiles 79 16.2 258.6 170.1» — 428.6, 226.8 31.8 

Textile products 46 7.2 
A 

13.6 19.6 33.2 ' 112.2 

Wood products 342 42.4 59.2 5.1 
A 

64.3 46.8 12.4 

Paper and allied 264 863.4 -2 911.9‘ 181.2 54093.1 2 732.9 179.0 

metals 
3 

191‘ 
p 

89.7 560.6 . 1 688.5 3 249.1 1 490.7 
4 

69.9 

Metal fabricating ' 434 36.14 19.43 _29.5, 
_ 

48.9 18.7 0.7 .: 

Transportationequipmcnt 
1 

378‘ 
_ 

141.0 81.5 

2 

I 

36.2 117.7 74.7 6.8 

1\'Ion-metallic mineral 
_ 

_ 
. 

_ 

-I 
. I .

_ products 530 
_ 

V 35.1 136.6 , 155.7 292.2" 90.1 46.5 

Petroleum and coal 
_ 

- '- 

products 30 9.4 44512 1 011.6 ‘lt 456.8 410.8 34.4 

Chemicals and‘ 
_ 

. 

I 

_ 
_ _ 

V 

’ ’ 

chemical products 556 56.4‘ 1..312'.7‘ 976.9‘ ' 2 289.6" A 

. 1 218.8 193.8 

. 
4 477 

A 

733.3 7 282.1 6 761.8% 520.3



Use rates and consumption rates varied 
. 

substantially among industry groups (Table 4). The- 
use rate7 represents an index of recirculation, whose 
‘minimum -value is 100%, denoting ‘no recirculation. 
Higher values pertain to firms that recirculate large 
amounts ofwater. The average use rate for all 
nianufacturing, as shown earlier, was 193% in 1991, 
ranging between 109% for the wood industry and 
741% for the plastic products industry. Two of the 
large wa't'e'r;—'using industrial sectors, refined 
petroleum and coal products industry at 327% and 
primary metals industry at‘208% were above the 

' 

national averageof 193%. The other three major 
users, paper and allied products, food products, and 
chemicals and chemical products industry had use 
rates significantly below the national average at 

_ 175%, 156%, and 174% respectively. These three 
industries had a significant impact in lowering the 
national average use rate. 

' ' 

Historically, the trends ‘in use rates are 
’ 

instructive" in terms of the ways in which Canadian 
industries use water. For most of the manufacturing 
sectors, use_rates rose between 1972 and 1976 (Tate, 
1977,1983), indicating a short-terfm trend toward the 
increasinguse of recirculation technology. In the 
1981 survey,‘ the rubber and plastics, non-metallic 
mineral products, petroleurn and coal products, and 

' wood industries showed large increases in use rates, 
‘ and the major water-using industries remained static 
or actually fell with respect to their recirculation of 
water.This trend continued in 1986 and 1991. This I 

. pattern reflects decreasing water use efficiency over 
the 1981 to 1991 period, which is antithetical to the ove 
environmental resources_. « 

" ' 

1 Table 4 Use Rates and Consumption Rates in 
Manufacturing, by Indusuy Group, 1991 

lndustry group Use rate 
’ ' ’ 

I 

’ 

tion rate 

Food products 155 8 

Beverage products 122 16 

Rubber products 
A 

368 10 

Plastic products « 741»— 7 

Primary textiles 166 12 
1 

Textile products 244 10- 

Wood products 109 20 

Paper and allied 175 6 

metals 208 4 

Metal fabricating 252 
7

3 

Trarisportation 
' 144 8 

equipment 

_Non-rnetallicmineral products 214 34 

Petroleum coal 

V 

327 
_

8 

products 

Chemicals and 174 7 

chemical products
V 

Canadatotal 

A 

_'
7 

rall public policy aim to improve the sustainable use of 

Consumption rates provide an index of the amount of water lost during production at the individual plant 

level, most commonly through evaporation or incorporation of water into products“. As noted earlier, the national 
average rate ofconsuniption for 1991 was 7.1% of'int_al<e. This rate varied from a high of‘34.0% for the _ 

non-meta_1lic.minera1 products industry to 3.4% for the fabricated metal products industry. 

footnote 5. 
, 

' 

—. 

10 

‘ 3 '1'h'e_reader is referred to the discussion on page 4 for the correct interpretation of consumptive and "water loss".



‘of'5 8% on public water supply. In contrast, the four largest water withdrawing industries .— paper and allied 

' 

plants than those of the beverage and fabricated metal products industries. (In ‘1‘99l, the transportationequiprnent 
8 

‘for this increase is unknown, but itmay be due to a survey anomaly, arising from a somewhat different 

2.1.2 Water Sources 

The manufacturers srnveyed obtained over 6100 MCM (83%) of their water supply from self ' supplied 
freshwater surface sources (Table 5), similar to 1986 results. An_ additional 10% derived from public utilities, an 
increase of about 2% from 1986. Slightly less than 2% ofthe total ‘came from fresh groundwater sources with the 
remainder, slightly under 3%, from brackish sources. 

' 

- 

' 

e

' 

. A notable, but expected,‘ difference emerged with regard to water source between industries dominated by 
large establishments and those dominated by relatively small establishments; The latter tend to draw a much larger 
proportion of their water supplies from public utilities, largely for two reasons: the fact that public supplies are 
cheaper than the cost of self supplied water systems, and the need for potable water for many of the smaller firms. 
Forexample, the beverage industry, composed generally of many’ relatively small water users, withdrew 58% of its 
total intake from public sources, This ‘industry was characterized not only by small plants but by a requirement for 
high quality intake water. Thus, it relied upon public supplies for much of its water. Another industry— 
fabricated metal products T was dominated‘ by small and mid-sized establishments revealed a similar dependency 
products, primary metals, "petroleum and coal products, and chemicals and chemical products — withdrew

_ 

relatively small quantities from public sources. These industries were characterized by fewer and generally larger 

industry ‘revealed the largest dependency on public ‘sources, 94%, up dramatically frorn 51% in 1986. The reason 

composition of the set of firms stuveyed), 

2.1.3 Waterlntake Treatment 

Manufacturers treat large volumes of in_t’a_kev-water prior to use (Table 6). Since many plants employ two or 
more treatment processes prior to use, the total amount of water reported in this table substantially exceeded the 
total water "intake reported in Table 3. On the other hand, many plants reported little tIeatm__en_t prior to the initial 
use of water. The volume of water treated by the manufacturing firms surveyed totalled 9180 MCM in 1991'. 
"Screening, followed by chlorination and disinfection, and filtration comprised the most frequentlyused pre- 
treatment types, together accounting for about 78% ofthe total amount treated. The»"other" category included 
processes like dechlorination and distillation,-which were not easily classified to other groups, Treatment of intake 
water is tailored to the quality needs at the respective plants. 

k"
- 

I 

2.1.4. Initial Purpose of Water Use 

Data on the inital use of water in manufacturing (Table 7) are surrogates for the end uses of water in the 
sector. Cooling, condensing, and generation was the largest initial use of new water takeninto plants, 
accounting for 49% of total intake. Processingwater accounted for 47% of intake, with sanitary and other uses 
accounting for the remaining 4%. Cooling, condensing and steam generation accounted for the largest proportion 
of initial use in '11 of the 14 "industries surveyed. The large_st'wat,er-using industry, paper and allied, however, used 
most of its new water intake for processing, thereby having a significant impact on the total amount of processing 
water reported in Table 7. The other three major waterfusers reported more of their intake used in cooling and 
condensing than ‘in Processing . 

ll.



Table 5. Waterllntake in Manufacturing (MCM/year),'by Source and ‘Industry Group, 41991 

Industry 
' 

Fresh water 41 Brackishwater" Total 1 

group . 

6 ' intake 
' 

Publiel Self supplied ’ Self supplied 

municipal . Surface 
_ 

i’.Ground: Other Ground Tidewater ‘ Other: 

.Foodproducts . 156.0, 
. 

72.9. 43.9 6.7 1.1" 65.1 
' 

1;3 - 347.2 

V. Beverage products 
' 

42.1 
V 

18.8 12.2 30.3. 0.0 ~ 0.03 » 0.0 
4 

73.4‘ 
i

» 

i Rubber products. 628 4.7 8.7 
4 

0.5 0.0.__, 0.0. 
4 

0.0‘ ' 

20.7 

Plastic products 38.2 2.4 - 0.9 0.1 7. 0.0 0.0 ‘0.0 41.6 

Primary textiles" “8.3 
' 

249.2 0.5 ‘0.0 » 0.7 
4 

-0.0 ‘0.0 258..6"_§i 

Textile products 13.6 0.0 0:0 0.0 0.0‘ 
' 

0.0 . 0.0 13.6’ 

wood products - 

9.7 39.8 2.1 0.0 0.31 7.3 0.0 
4 

59.2} 

Paperiand allied 143.4 2698.2 4 31.1 36.4 0.0 
_ 

2.9 0.0‘ 
V 

2911.9; 

3 Primary’ metals 82.2 1446.1 1.6 
‘ 

26.2? _ 

‘0.0 4.2 0.3 _1560.6f 

’ 

Metal fabricating 
‘ 

11.3 7.2 0.9 0.0 
it 

0.0 . 0.0 0.0‘ 1:9.4
‘ 

Transportation ~ 

_ 
‘_ 1-: '_ 

- 

. 
A 

. j 
equipment 77.4. _ 3.6 0.4 0.1 . ‘0.0 0.0 -0.3 81.5 

I 

Noni-metallic mineral A - 

-4 v - — 

products 433 43.4 . 27.4 17.1 
' 

5.1 0.3 0.0 136.6 

Petroleum and eoal \ 
. 

' 

‘ ' 
— 

4 4 

»
. 

products 
‘ 

20.3 323.8 0.1 1.4 .1.5 93.1 5.1 445.2 

Chemicals-and - 
' 

. 

'

A 

chernicaliproducts 
_ 

59.8 1222.7 21.2 27.1 0.0 0.6- 0.4 1312.7 

.Ca.iiadatotal 1 712.5 6132.7 131.9 1.15.9 8.4 173.5 7.1 
5‘ 

7282.1



Table 6 Water Intake Trea1menti(MCM/year), by"I?ype of’1“rm1ment and Industry Group, 1991 

.1 76.4 

Industry group Filtration -Chlorination and Corrosion and -Screening Hardness and 
, 

Other Total intake treated Total‘ 
* 

' 

disinfection slime control -alkalinity control. ‘ 

- 
' 

' ‘ 

’ intake 

Food products 27;7 97.4 5.8 30.7 14.3 »_ 1.9 177.8‘ 347.2 

Beverage products 41.99 17.3'— 1.4‘ 10.0 15.1 912 95.0 73.4 

Rubber-products 
‘ 

1.23 0.7 ‘1.3 0.0 1.2 0.6 5.1 20.7 

Plasticproducts 1.8 19.3 24.6 
_ 

3.1 188.3 1.0 238.2 41.6‘ 

Prirnarytextiles 6.9 150.0 0.3 207.9 5.5 
1 

0.1 370.7‘__ 258.6 

Textile products‘ 0.0 0.0 0.0 0.0 1.8 0.6 2.5 1_3.6 

Papcrand allied 1096.2 778.0 . 152.0 1397.11 A 341.2 73.0 3837.6 . 2911-.9 

. Primary n1etals 325.6 266.4 458.0 758.1 ‘_53.6 36.6 1898.3, 
' 

1560.6 
1 

Metal fabricating 
_ 

3.2. 
_ 

0:1 0.2 - 1.9 0.4 
1 

0.1 5.8 19.4 

I 

Tijanéponation 
’ 9

1 

1 equipment 0.9 0.1 0.7‘ 3.7 5.2 0.7 11.3 81.5 

Non-runetallic mineral 
_ 

V 

. 

‘

_ 

‘products 3.1 3.2. 0.9 18.0 4.2 1.3 30.8 136.6 
-2 Petroleumand coal‘ 28.6 - 296.0 189.4 263.7 56.7 10.7 

_ 

845.1 445.2 
3 

products ~

' 

1Cl1emic_als and 87.6 345.1 310.0 799.9 
1 

33.7 38.3 _1614.5 1312.7 
1 chemical products 

__ 

'

' 

.Canadatotal 
9 

1629.7 1983.5 _’ 
- -1148.2. 3513.7 725.3 9179.7 7282.1



2.1.5 Monthly Water Use Patterns 

'. 

' The monthly distribution of annual water intake was consistent with that of water discharge. only 
the intake pattern has been tabulated (Table 8). The ‘data were converted to percentage terms (i.e. of annual intake) 

~ for the purposes of this table, to facilitate inter-industry comparisons by removing the effect of ‘industry group size. 
If an even monthly distribution ofthe data occurred, each month would account for 8.3% of annual intake. Table 8 

demonstrates that some seasonality was experienced, with total intake tending to be higher in the summer and fall 
‘months. This pattern was expected in view of higher cooling requirements in the summer and the effects of. fall 
processing in the food industry.

‘ 

Inter-industry patterns varied. The foods, beverages, and non-metallic mineral products industries 
exhibited the most significant trends toward summer peaking, with differences of over 2% between therlowest and _ 

‘highest pumpage months. The other industries showed a more uniform pattern throughout the year. 

2.1.6 Water Discharge Points 
'

’ 

Wastewater from manufacting plants totalled 6762 MCM in 1991 (Table 9), and discharged to the 
I 

following points: public sewers (10%), private surface water disposal (74%), tidewater (14%), and slightly more 
than 1% to ground water and other -uses. The transportation equipment industry discharged about 95% of its 
effluent to the public sewer, just slightly larger than its withdrawal of 90% from the public water supply. 
Similarily, the plastic products industry discharged 92% of its effluent to the public sewer, and withdrew 90% from 
the public watersupply. However, the beverage industry discharged 71% of its effluent to the public sewer, a 

7 proportion larger than its withdrawal (57%) from the public water supplysystem. . In contrast, the four largest 

water-using ind_ustries discharged relatively small amounts of water to public sewers (i.e., chemicals and chemical 
products (2%), petroleum and coal ‘products (3%), primary. metals (6%), and paper allied products (8%). 

Wastes in these industries were of sufficient quantities and complexity to demand individual treatrnent; 

Table7 
: 

lfglanufacturing Water Intake (M.CM/year) byl_’1_1rpose o_f,1ui11a1 Use and Industry Group, 1991 , a
. 

Industry’ Group 7 
‘ ’ 

Processing Cooling, condensing- 
’ 

"Sanitary services 
_ 

Other Total‘
" 

.; .. _at1si..ste.am- . . . . . 
intake 

Foodprcducts 
‘“ 

A 

_ . 147.5 
‘ 

7 '7 
“i‘39.o 

’ 

49.3 . 11.4 
’ 

‘ 

347.2. 

Beverage products 33.9 . 29.2 
' 

9.0 1.3 7 
a 

73.4 

Rubbcrproducts 2.3 g 
16.8 

V 

' 1.4 
V 

_ 

0.2 20.7 

Plastic products 
‘ 

‘ 6.0 ~ 

A 

13.5 21.8 0.3. ~ 41.6 

_pmna,yrexri1es _ 47.7 
‘ 

- 

_ 
201.4 — 925 0.0 

V 

. 2536 

wood products 24.3 29.5 
_ 

3.8 1.1‘ 59.2 

Paper and allied _' 2214.3 — 626.1 
' 

‘ 

47.5 24.0 2911-9 

Primary metals 
‘ 

' 

631.5 
' 893.3 23.7 

a 

-12.0 . 1560.6 

Metalfabricating 
_ 

' 

, 

9.8 ~ . 7.7 
g 

A 1:5 0'3 Y 
19.4’

. 

Transportation 23.0 44.3, « 13.2. 
_ 

0.6 81:5 

equipment 
' v v 

_ 

4 

'

4 

Non-metallic mineral 
‘ 

55.6 
' 

' 

50.7, 4-9 
, 

25-4 135-5 

products 
_ 

- 
.

7 

Petroleum and coal 44.0 
V 

_. 
_q 

"3915 4 » 3.8 
g 

5.9 4452. 

products 4 

_ 

-~ 
, 

. 

-
3 

Chemicals and . 183.9. 1106.7 
_ 

6.8 15.4- 
' 1312.7 

chemical products 
‘ ' 

_ 

' 

. 
, 

' 

, 

' 

. ; 
Canadatotal 

’ 

3434.7 
‘ 

”'“:_'_”355_2.8 = 
‘ 

196,6 _ 
98.0 - 7282._1 H
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' 

3 Table 8 Monthly Distribution of Water Ii1takee(%)’in Manlifacturing, by Month and Industry Group, 1991 
’ Industryigroup - 

* ' 

' “Jan Feb 
‘ 

March . April 
_ 

May June 
J 

July Aug 
_ 

Sept Oct 
_ 

Nov ‘-Dec 

1 Food products V 
, 

7.2 6.9 7.0 7.3 .828 9.0 -9.1 10.1 9.6 . 9.0 8.2 
- 7.8 Q‘ 

1 Beverageiproducts ’~ 7;7 

H 

7.4’ ' 83 8.4 9.8 
_ 

11.7. 8.1 7.9 7.5 8&4 :'7.8 
K’ 

7:0 

j 

Rubber prod1V10ts‘ 8.1 
I 

‘8.0 
I 

7.8 

‘ 

8.4 §;8 9.2 8.3. 9.2 8.7 8;l~ 7.7 . 

' 

7.6
I 

Plasti0pr0ducts~ 
_ 

7.6 8.8 

I 

7.4 7.6 7.7 «9.3 8.9‘ 9.3 8.1 8.4 9.4 

3 Primary iexvtilesn 
. 

' 

7.9. 7.0 
‘ 

6.9 7.0 
' 

8:1 1 9.3 9.8 8.8 10.5 9.7 7.7 7.6; 

E 

Textile products » 6.9. 7.4- 7;2 
’ 

8.7‘ 9.0 
_ 

9.2- 7.3 9.41 9.3 9.5 8.7 7.1.: 

|1Wood.products . 8.3= 8.2 — - 8.4 8.3. - 8.0 8.0. " 

9.1 _’7.8 7.8 
V 

8.9 . 8.3 _8.8 

J 

.Papervand allied 
, 8.5 8.0‘ 8.41 

4 

8.2" 8.7 8.7 8.7 9.1 7.8. 8.4 8.2 7.4 f‘ 

.§PriII1a.I'ym0ta.ls 
‘ 

7.7 7.5 7.9 . 7.8 8.3 V 

‘ 

8.6 8.7 8.8 18.8 78.8 8.0 8.5. 

‘jMetal‘fabricatingv 7.8 7.6 
. 

8.3 ‘8.1 
, 8.1. 8.3 9.0 8.7 8.9 8.8 

I 

-8.6. 
‘ 

8-.5 

Transportation equipment 7.5_ 
' 9 

7.5- 7.4 8.0 - 

' 

8.1 . 

' 

8.2 8.2 7.9 7.8 12.7 9.0 
vNon_metamc mineral 7.4" 7.0 7.4 

V 

7.6 9.4 _ 

' 9.5 9.2 9.3 =8.9 8.7 ‘8.3 7.2 

products 
' 

I
V 

_ Pet'r01eumand.c0-alpmucts 8.5 7.8 8.3- _ 

' 

7:3 7.9" 8.5" ..9.1 8.8. . 8.6 8.7‘ 8.3 _8.1' 

Chmicalsmd 
’ 

' 

8.1 7.8. 8.6 
‘ 

8.2 
" 7.9 8.2 9.0 9.5 8.7 7.1- 8.4" [8.3 

chemical products 

Cahadaototal 
' 

A 

-8.1 7.7 8.2 7&9 8.4 8.7 8.8 9.1 8.5 8.3 8.4 7.9



The use of various discharge. points wasrelated directly to the magnitude of the waste water discharged, the 
location of the plant, and also the characteristicsof the pollutants in the wastewater. The food and beverage 
industries, being composed of relatively small water users-, usually do not have sufficient water discharges to 
justify building and operating ‘individual waste treatmerjit facilities. There were, of course, exceptions to this 
general point, and many plants in the industry pre-treated their waste before discharging it to public sewers. ‘Also, 
wastes from food and beverage plants, being composedmainly of biochemical oxygen demand (BOD) and ~ 

suspended solids (SS), tend to be compatible with _mu‘nicipal.waste treatment processes. On the other hand, the 
larger plants of other industrial groups generate large volumes of waste. Often, these volumes are too large to be 
treated byimunicipal treatment plants, or some of the pollutants generated by large industries are incompatible with 

A 

municipal waste treatment proc'esses,’resulting in the need forinternal treatmentand subsequent direct discharge to 
receiving waters. 

2.1.7. Wastewater Treatment 

Many of the firms surveyed provided some type of treatment to their waste_ water prior to discharge. The 
quantities of waste involved (Table I0) areclassified by the generic type of treatment. Primary treatment refers to 
the use of mechanical methods of treating wastes, such as screening, coagulation, and filtration_. Secondary 
treatment refers to the use of processes depending upon some form of biological treatment to reducethe 
biochemical oxygen demand.ofth,e.efil_uent. Activated sludge and trickling filter methods are common forms of 
secondary treatment. Tertiary treatment refers to the use of methods -to V"'polis_h"‘ the effluent subsequent to 
secondary treatment. One common form of tertiary treatment is phosphorus removal. A

. 

Table 9 - ‘Water Discharge -in l’oirit o'f~ll)-iisicharge and Industry Group, 1991 

Industry group 
‘ 

Public Freshwater» Tidewater’ 
’ 

Gr:ofirid-’ Transferred 
. 

Total 
. sewer. body body 

_ 

water to other uses" discharge 
'

_ 

_ 

. I body ’

_ 

Food products 
5‘ '136;'6" " '7 

279.0 
' ' 

83.5 5.1 6.0 320.1"? 

Beverage products . 

T 

_ 

43.3 » 11.1 
“ 

0.0 » 

V 

6.6 
' 

, 
0.1 61.6 

Rubber products 
‘T 

4.1 
' 

14.4 0.0 
' 

0.1 
_ 

. 0.0 1 .18.7 

Plasticproducts V A 35.7 
A 

2.7 0.0 
T 

_0.4 
V 

0.0 J 38.8 

textiles 

' 

. 9.1 
' 

209.2 
A 

0.0 8.4 
_ 

0,0 
_ 

226.8 

Textile products ‘122 - 0.0 ‘0.0 0.0 
' 

0.0 
‘ 

_12.2 

Wood products 0 

‘ 

3.4 
p 

40.0 0.8 2.5 4 

' 

4, 

"0.1 469 

Paper and oiiioo 215.0. 1762.0 737.7 13,1 
~ 0.1 

‘ 

2732.9“ 

Primarymetals 
’ ‘ 

96.5 
, 

1342.44 29.7 
’ 

21.7 
" 

’ 
- 0.4 

. 
1490.7 

Metal fabricating 
' 

13.0 ._ 

V 

4.8 
' 

0.0 
' 

0.8 0.0 18.7 

Transportation 64.5 
‘ 

' 

9.0] 
‘ 

'_ 0.9 
7 

. 
0.3" 

V 

, 0.0 74.7 
eqmpmem ' 

. . 

i 

; . 

- 
'

. 

Non-metallic mineral 2$._9 
— 53.0 

'- 

' 

-0.0 .. 7.2 1.1‘ 
. 

90.1 

peuo1eumandcoa1._ 1 11.7 
- 

_ 300.6 
g 

A 96.7 1.5" 0.2 410.8 

andchemm ‘-25.3 0 ' 1185.9 
_ 

4.4 2.5 
_ 

» 
- 0.7’ 1218.8‘ 

products 
I 

_. 

“ " 
, 

699.8’ 
I 

T 

5024.1" 953.9 
, 

75.3 
p 

‘ 

A 

"$3.7 
‘ 

6761.8
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_ 

As in the case of water intake treatment, the same physical volumeof water may be processed by more 
than one level of treatment. For example, it is common for a plant to treat its wastes by primary methods initially 
and then by secondary methods prior to final discharge. Thus, the a_r'nou'nts recorded in the "total treatment" 

. col1'_1‘_1n_n of Table 10 will contain asubstantial degree of double counting. The brief discussion below examines the 
data within each column in an attempt to avoid the double counting as much as possible. 

A total of 4717 MCM of effluent was treated by Canadian manufactu'r‘e'rs in 199.1. This volutne comprised 
about 70% of total discharge. However, ‘there was substantial-double counting in compiling these data, meaning 
that the proportion of waste treated was probably much smaller than this. At a minimum, wastes treated at the two 
"advanced" levels underwent primary treatment initially. Thus, we can statewith some confidence that just_ under 
3000 MCM of discharge (ize. about 44% of_manufact1iring discharge) was treated. Becausethe figures for 
secondary and tertiary treatment were significantly under the primary treatment volume, it is likely‘-that the fonner 
_volumes are "cascaded" through the "advanced" levels of treatment. Therefore, the best estimate is that over 50% 
of discharge from manufacturing plants is given no treatment. The amounts of water treated under each category 
of treatmentwere distributed among the industrial groups in roughly the same way as other characteristics of water 
use. The largest arnounttreated in all categories was “accounted for by the paper and allied products industry, with 
59% (1754 MCM) of the total amount treated by pritnary methods (2988 MCM), 79% of the a volume treated by 

1 secondary treatment, and -572% of the volume tr_e_at_e_d by tertiary treatment. This dominance reflects efforts made by 
the paper and allied‘ products industry during. the 1970s and the 1980s to install pollution control devices. The 
proportion of discharge treated with primary methods ‘reflects this fact. The metals, petroleum and coal 
products, and chemicals and chemical products groups accounted for the next most significant amounts in terms of . 

the quantities of wastes treated- 
' 

-

5 

Table 10 Treatment of Manufacturing Water ‘Discharge (MCM/year) by Treatment Typeand 
- Industry Group, 1991 5

‘ 

17 

Industry group 
p 

' 

' 

" ‘ 

Primary" ' 'Se'cot_idaTIy;”'” 
7 i 

_ 

.Total ' 

Total 
' ‘ 

treatment treatment 
A 

treatment 
' 

treated discharge 
1 

_ 
i 

, discharge 
8

1 

"F660 products 
” 

u 

7 

61.2 26.2 11.9 . 99.4 320.1 

Beverageproducts 
1 

' 

' 

10.3 
, 

. 7.7 
' 

-1.2 
‘ 

19.4 61.6 

Rubber products ' 

_ 

' 

0.5 
' 

0.2 0.6 1.3 18.7 

Plasticproducts 
_ 

-’ 
1 0.8 . 

‘ 

0.0 0.1 0.97 38.8 

Primarytextiles . 153.2 1 

' 

12.2 1. 0.0 165.4 226.8 
.Te'_xtile products 5.6 0.0 0.0 5.6 

_ 

12.2 

Wood products 51.1 
' 

48.0 0.0 . 99.1 ' 

V 

46.8 
Paper and allied‘ 1754.6 1000.9 236.5 2992.0 

_ 
2732.9 

Prirnarymetalsl; , 

' 

435.1 55.4. » 183.0 673.6 g 1490.7 

Metal fabricating » 

_ 

6.2 
_ 

1 

0.8 0.5 ‘- 7.-5 . 18.7 

Transportation equipment - 4.3 - 2.9 1.8 
_ 

, 
9.0 - 

. 74.7 

Non.metamc mgnml 27.8 4.3’ 0.0 -_ 32.1 90.1 

Petroleum and coal 
7 

_ 
V 

- 370.7 93.6 9.8 474.2 410.8 

chemicaisandchemical 
‘\ 

106.7 — 21.2 8.6 
‘ 

136.5 
‘ 

1218.8. 
products A’ 

'

. 

Canadatotali 
A 

=" ‘ 298813” 3 3 

’ 

127318 
1‘ " 

454.1 4716.1 6W?



2.1.8 
' Water Recirculation 

The data on water recirculation (Table 11) highlight the importance of recycling or reuse to the four major 
A 

water-using industries. These industries accounted for over 88% of total recircul_ation by all manufacturers (6806 MCM or over 93% of total intake). The paper and allied group alone recycled about 32% of the total, much of it 
for processing purposes. Most recycled water was used for cooling and condensing purposes by the petroleum and 
coal products, chemicals and cherfifiical products, prirnarymetals, and food and beverage industries. In total, about 
59% of recirculation was used for cooling, condensing, and steam generation-.

' 

2.1.9 Cost of water 

As in previous surveys, the 1991 survey’ collected data on'the costs of water acquisition, intake treatment, 
waste water treatment, and waterrecirculation (Tables 12 and 13). Thecosts of water acquisition consisted mainly 
of the-amounts paid by firms to water suppliers, normally local public utilities, for water services or in many cases, 
the cost of the plant intake licence (paid to provincial water agencies). These data constitute only part ofthe total 
cost of water to the industries surveyed. Not included in Table 12, for example, were data on the capital" costs or 
depreciation of self—S11Pl>lied water acquisition facilities, although most of these firms did include their operation 
and maintenance costs. The cost of wastetreatrnent referred usuallyto annual operation and maintenance ‘costs of 
at-plant treatment, but may also have included sewer surcharges levied by municipalities. No attempt:was made to 
estimatecosts for-non-respondents for any of the cost categories. 

‘ 
' 

t 
. . 

.~

' 

The cost of water acquisition totalled just over $812 million ($228M in 1986). The primary metals 1 

industry accounted for the largest portion of this "cost (50%), with papereand allied products.industry the second 
1 

contributor (at 26%), followed by chemicals and chemical products(9%), and the foods industry (about 6%). The 
amount paid for water licences was under 1% of this total, making it a negligible factor in industrial ‘water costs. 
Data in Table 12 also reveal that about 85% of the costs reported were for in-house operation and maintenance 

‘ 

costs, (up substantially more from 59% in 1986),: with payments to the public utilities category now at«ab'out 15% 
_(down from 40% in 1986). Ofthe amount paid to public utilities theleading contributors are the food, beverage,

' 

3 paper and allied, and primary metals industries, In the caseof the food and beverage industries, this finding
' 

Table 11 
_ 

‘Water Recirculation in Mariufacturing (MCM/year), by Purpose and Iudusuy Group, 1991 
' " ' ‘ 

1udustry'gr6up . Processing t:o61iugj condensing andstearn . _Other Total 
‘ 

V 

' 

_ 

. 

V 

' recirculation 

raga préducts 
" ” 

' 

45.93 » 138.4 8.4 
A 

192.8 

Beverage Pr_od_uc_t_s . 

‘ 7 5.9 ‘ 6.2 3.4 - _l6.4 

Rubber Products 
‘ 

. 7.2 
_ 

39.0 
’ 

9.5 55.7 

Plastic products 46.2 183.7 37.2 ' 267.3 

Prirnaryteitfiles 
_ 

' 

128.5 - ‘ 

41.6 0.0 _ 
170.1 

’ 

Textile products 
3 

‘ 

1-.9 . 15.9 1.7 
' 

_ 

19.6 

Wood products 
V 

‘ 

1.7 .« 3.0 
‘ 

5 0.3 5.1 

Paper andallied 1549.5 583.3 48.4 2181.2 

Primary metals . 

' 808.8 
1 

876.5 3.2 
' 

1688.5 

Metal fabricating 
‘ 

. 

V 

p 

2.9.. 
j 

26.4 0.2 29.5 

Tmspomfion equipment. _ 

5 615 
_ 

29.7 0.0 36.2 

Non-metallic mineral products 
' 

20.3 “ ‘ 
' 

A. 131.2 . 
4.2 155-7 

Petroleum and coal products 
' 

A 

' 

- 4.7 
' 

. 

~ 978.2 , 
28.7 1011.6‘ 

Cher_n_ical__s‘ar1_d chemical products 
~ 

_ 

17.3 _ _A 

959.0 . 0.6 976.9 

Cariadatotali f _ 2647.6 
_ _ t 1 

4012.2 146.7 6806.4
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Cérfadntotéfi
" 

0812.4
" 

'22l.7 

Table 12' water Acquisition costs ($1nillion) in Manufacturing, by Cost Component and Industry Group, 1991 

Industry group 
' 

Paid to public At-plant 
. Provincial 

' 

Total 
_ utilities 

V O&M licence fees 

Food produé:'t_s_ 
" 0 

‘28.2 17.9 - 0.6 _ 46.8 

Beverage products 10.5 0.7 0.0 
' 

- 11.3 

Rubber products 
' 

1.7 0.6 "0.0 2.3 

Plastic products 2.4 5.3 0.0 7.7 

Primary textiles 
_ 

1.8 2.2 0.0 4.1 

. Textile products 1.6 0.0 
' 

0.0 1.7 

Wood products 0.9 3.4 0.0 4.3 

*1>apcr and allied 
A 

10.4 197.7 2.7 210.8 

Primary metals - 26.5 
_ 

383.4 
' 

0.1 410.1 

Metal fabricating 2.7 0.5 0.0 3.2 

Transportation equipment 90 0.6 0.3 9.9 

Non-rnetallic mineral products 5.0 1.9 0.0 6.9 

Pctroicurn and coal products 1 3.5 17.8 0.1 21.4 

cncrnica_1s and chemical products 14.1 57.6 0.1 71.9.
5 

total 
A ' 

3 

’ 

118-.5 
_ 689.8 2 4.1 812.4 1 

Table 13 Total Water Costs ($million) in by Cost Component and Industry Group, 1-991
p 

. Industry Group Acquisition Intake treatment Recirculation Discharge treatment 
A 

1 70011 
Food produc1s 46.8 5.6 2.9. 14.8 70.0 

iiactécragc products 11.3 2.7 0.4 11.1 15.5 

_1;_ubbcr products 2.3 
' 

. 0.8 0.7’ 0.0 3.8 

Plastic products 7.7 _0.6 1.6 0.1 10.0 
H. 

textiles 4.1 .1.7 1.5 1.9 9.2 

Textile products 1.7 ‘0.2 0.3 0.3 2.5 

Wood products 4.3 1.0 . 0.2 0.8 6.3 

Paperand allied 210.8 36.3 20.7 100.3 368.1 
Priruatymctais 410.1 22.0 41.0 49.2 522.3 

. Mctni fabricating 3.2 0.7 
‘ 

0.6 . 5.2 
‘ 

' 

9,7 
Transportation equiprnent 9.9 1.1 1.8 6.5 19.31 

Nonemetallic mineral products 5.9- 1.2 0.8 1 
— -0.8 . 9,7 

Petroleum and coal products 4 21.4 - ~ 28.6 13.1 
’ 

- 24.6; 87.7 

Chemicals and chgfnicaj » 71.9 18_.9_ 112 16.0 118.0 
products ' ' ‘ 

. 
4

_ 

i" 

_ 

121.5 j 96.7 3‘ ’ 1252.2
"



denotes the reliance of the smallto middle-size plants of these industries on potable water largely supplied by 
municipalities. A large increase in the costs was reported in the in-house operation and maintenance costs category 
over the 1986' figure. This may reveal an increased effort within many plants to de_ter‘mine'their costs ofwater 
acquistion. - 

' 

- 

’ 

e 

'

« 

The data on intake treatment costs also reflected the dominance of the four major w'a't'er-using industries 
(Table 13)..’ These fourwater users plus the food and beverage industries spent approximately 94% ofthe total cost 
reported forintake treatment. 

'

f 

The cost of discharge or waste treatment was reported at just over $221 million. Of this total, the paper 
and allied group spent just over $100 million, or 45%. The combined costs of the other three large water users, 

metals, chemicals and chemicalproducts, and petroleum and coal products followed the paper and allied 
group at about $90 million. The other significant costs for waste treatment were incurred by the food, 
transportation equipment, and fabricated metal products industries. 

‘ ‘ 

The costs of water recirculation reflected the relative importance of recirculation to the fourmajor _ 

water-using industries, which account for over 88% ofthe total cost. The primary ‘metals group alone spent almost 
$41 million, or about 42% of these costs. Other significant contributors to recirculation costs were the paper and 

, 
allied products, petroleum and coal_ products, and chemicals and chemical products industries. 

Through the extensive telephone follow-up undertaken to complete returns for some of the survey 
respondents, additional information was obtained onthe costs of water acquisition and treatment. Hencethe values 
obtained for the 1991 survey are more representative than those of the .1986 survey, where only a minimum 
amount of time was available forthe follow-up inquiries.

‘ 

The response to these cost items also reflects several interesting points about current water management V 

practices. First, there has been an increase in the use of meters by both the municipalities andqthe larger industries, 
‘ res'u_lting'in improved records of the amounts of money "spent on water use. Second, Owing to the greater 

concentration of effort in the area of treatment, especially waste treatment, companies are monitoring the costs of 
each treatment method and its efficiency in terms of dollars as well as water quality. The data also reflect the . 

greater emphasis being placed in all industrial sectors on the recirculation and reuse of the water used intheir plant 
- processes. Finally, and perhapstfnost importantly, the data on waste treatment reflect the construction and 

' commencement of operation of a new paper mill in Western Canada, which incorporates the latest technology for 
' pollution prevention.

' 

2.2 
4 

"Provincial Water Use Patterns 

- 2.2.1 ' General Observations 

_ Tables 14 through 21 focus upon patterns of water use in the provinces, but thedescription and 
interpretation of these tables are done only in summary form. In the following tables, data for the Yukon and 

‘ 

- Northwest Territories have been combined under the heading "Territories." Ontario accounted for over 47% of the 
total Canadian manufacturing waterintake, followed by Quebec with 22% of the total, and British Columbia with 
16% (Table 14). In contrast, Prince Edward Islandand the territories accounted for an insignificant proportion of 
'thetota_l_. This distribution of water intake among the provinces reflected provincial industrial structures. 

Use andconsumption rates by province are given in Table 15. In general, the use rates in the Atlantic 
region (i._e_. the four eastern provinces) were among the lowest in Canada. These lower use rates resulted from ' 

several factors. First, water is rnorereadily available in the Atlantic region than in many other areas, reducing the 
need for recirculation. Also, the industrial mix of the region was such that industry groupswith Vhigheruse rates, 
such aspetroleum and coal products and chemicals and chemical products, were notpredommant. Finally, the

20



industrial base of the Atlantic region tended to be older than that of the rest oi‘ Canada _an_d_ thus employed older ' 

technological methods that did not recirculate large amounts ofwater. ’ 

The use rates for the three Prairie provinceswere substantially higher than those in the rest of Canada. 
This reflects the need for greater water recirculation by plants in‘ the Prairie region, due in part to a semi-arid 
climate that requires enhanced waterconservation efforts. The ‘use rate for British Columbia was lower than that 
for any ofthe Prairie provinces, but slightly above the national average,- reflecting the industrial mix and location 
patterns of industry in this province. 

Consumption ratesvvaried substantially among the provinces, ranging from 4% in Newfoundlandito 19% in 
Alberta. The consumption rates for New Brunswick, Alberta, and British Columbia were the highest of the 
Canadian provinces and substantially above the national average. The_higher rates in Alberta reflected relatively 
high evaporation rates during the summer because of greater use of recirculation practices. However, Manitoba 

“ and.Sa‘skatchewan, the other two Prairie provinces, actually ‘had lower consumption rates than several other 
provinces. Additional expl_ana_tory factors are the provincial industrial mixes and the-ages of the plants. 

2.2.2 Water Sources 

The’d_istribution of the total water intake by source among the various provinces (Table 16) shows some interesting 
geographical patterns. In the Atlantic provinces, about 26% of industrial water derived from public systems, as 
opposed to -a national average of 10% and a low of 4% in British Columbia. Atlantic firms withdrew much less 
water from their own freshwater sources (39%) than the national average of 84%, and much less than Ontario 
(89%) and British Columbia (90%); 

*

3 

" 

Table 14 ' 

Selected Cha"ract'e_r‘i_sti,c‘s of Mariufacturirig Water Use (MCM/year), by Water Use Parameter and 
. .. . 

_.1’f°Vin_C'_~'_a._!99,1 
. _ . 

' 

. . 

' 

‘ 

i 

' 

. . 

Province __ 

0" 
_ __ A _ Intake Recirculation Gross water use Discharge Consumption 

Newfoundland 
' 

' 100.4 5.0 ' 

' 

105.4. . 

' 

96.0 4.4 
P.E.I. 10.7 

i 

4.3 15_.0 
V 

. 
- 10.2 05 

-Nova Scotia ‘ 

251.4 203.0 454.3 237.1 « 14.2 
New Brunswick . 238.4 » 206.0 4 444.4 

’ 

205.7 .327‘ 
Quebec 

_ 
1615.9 

_ 

1372.9 
. 2988.8 1513.4 ' 102.5 

Ontario» v 3457.4 3021.1 — 6478.6 3278.6 178.8 
Manitoba 125.1 134.2 ‘ 259.3 120.7 

‘ 

4.4 
Saskatchewan. ' 47.3 . 173.5 220.9 44.6 2.8 
Alberta - 273.6 565.8 839.4 221.4 52.3 
British Columbia 1161.2 1120.7 9 2281.9 1033.4 127.8

I 

‘ Territories 
4‘ 

1 
‘ \ O 1 1 . 0 

Canada total 7282.1 ' 6806.6 ' 14088.6 . 

- 6761.7 - 

' ” 

4 520.3 
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Table 15 Use Rates and‘Consuiript_ion'Ra_tes,i by Province, 
1991

’ 

Provi’n_ce_’ 
’ 

1: Use fate ‘ Consumption rate‘ 
Newfoundland" 

‘ ’ ' " 
1'05 

' 
' 4.4 

‘P.E.I. 
_ 

140 
S 

4.6 
Nova Scotia 181 5.7 
-NewABrunswick 

_ 

186 13.7" 

Quebec 185 65 
Ontario 187 ' 5.] 

Manitoba 
I 

207 3.5 
Saskatchewan 

S 

467 5.9 
Alberta 

3 _ 
307 19.1 

British Columbia 196 11.0 . 

Territories 100 ‘-- 3 

Canada total 193 
‘ ‘ 

- “7.1 

—Table 16 Water Intake in Manufacturjng(MCI\r1/year)by'Source and Province, 1991 _ 

Industry group , Fresh water‘ 
' ' 

* Brackish water - 

" ’ ‘ 
Total 

' 

- 

’ 

. 
intake‘ 

Self ‘supplied’ Self supplied 

_ 
PubIic/ Surface . Ground- Other’ 

”” Ground- Tidewater‘ Other 

_ _h _ 
. municipal a water water _

’ 

Newfdundland 20.3 37.5 
‘ 

6.2 0.1 0.0 33.2 3.1 100.4 

PEI 4 

V8.3 0.0 2:3 0.0 0.0 ,0.0 , 20.0 10.7 

Nova Scotia 
a 

69.8 4.8 0.9 
_ 

0.0 120.1 ‘0.0 251.3 

New Bmnswick 71.9 129.4 24.3 
A 

0.0 9 0.8 10.0 2.0 238.4 

Quebec -142.8 1402.5 14.2 . 54.7 1 0.7 
' 

0.-3 
' 

' 0.6 1615.9 

Ontario 4307.7 3075.1 ' 19.0 52.9 1.7 
’ 0.0 _1.0 3457.4 

Manitoba 22.6 95.7 6.4 0.3 0.1 0.0 0.0 125.1 
- Saskatchewan 6.8 38.9 0.2 0.0 - 1.4 0.0 0.0 47.3 

Alberta . 26.3 235.5 4.8 
_ 

6.0 0.7 0.0. 0.0 273.4 

British Columbia 50.2 1047.8 49.8 0.9 2.8. 9.7 0.0 1 161.2 

Territories" 
' 

0.0 0.6 0.0» 
‘ 0.0 0.0 0.0 0.0 V‘ 0.6"‘ 

Canadatotalf 712.5 6132.7 
’ 

132.0 115.9 8.4 "17-3.5’ 7.1 7282.1"
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These findings illustrate that the smallerplants in the Atlantic regionrelied less heavily upon the surface systems 
than do the largerplants in Ontario, Quebec, and British Columbia. Although the national average forwithdrawals 
from ground water sources was less than 2% of the total withdrawals, the ground water withdrawals in t_he'four 
Atlantic provinces«a'_nd»Bri_tish Columbia wererabove this average, with a high of 4%'in British Columbia. 

Tables 17 and 18 examine water intake from the viewpoints of initial use and treatrnent prior touse 
respectively. Processing water "is used inroughly the same volumes in both Quebec and Ontario, the two provinces 
that dominate Table 17. Ontario, however, dominates the cooling, condensing and steam category, using about four 
times the amount of water as plants in Quebec. The geographic patterns displayed reflectthe industrial structures 
and the corresponding water use patterns among the respective provinces. 

For the most part, the geographic patterns displayed in Table 18. show little that does not follow from basic 
industrial distributions. The only slightly unusual ob,serv’a'tion‘is that three treatment methods, (chlorination and 
disinfection, corrosion and slirne control, and screening) appear to be used relatively less in Quebec than in 
Ontario. No explanation of these two anomalies is offered here. - 

2.2.3 1 Water Discharge Points and Treatrrrent 

, 
The four Atlantic provinces and British Columbia relied heavily upon discharge to tidewater (about 14% of 

the national total) "(T able 19). The plants in the inland provinces principally used surface water bodies (about 74% 
of the national total). It is‘note‘wothy, for the discussion in Section 6, that this discharge to~surface water occurs 
free of charge, regardless of effluent quality. In all provinces, a small proportion of waste water was discharged to 
public systems usually bythe smaller plants (about 10% of the national total)- As in the intake treatment, the 
distribution‘ of discharge to ground water and other sources was small, contributing less than 1% of the national 
total-. Table 20 shows the quantities of Wastewater treated by various types of‘t;'rea_tment. As in the correspitnding 
table by industry group, there is substantial_double counting in Table 20, and the reader is referred back to section 
2.1.7 for a correct interpretation of these data. 

A

- 

Table /17 Manufacturing Water» Intake (MCM/year) by Purpose of lni:tial‘Use Province," '1-991:
' 

Industry Group 
_ 

' 

Processing Cooling, condensing .- Sanitary Other 1 Total 
_ 

and steam 
A 

services A 
1 

intake 

iNewr'orinaiér:d‘ 
2' 

L’ 
' M 

.731 
A 

. 20.7 
__ 

6.2 0.3 
1 

100.4 

Prince Edward Island 2.7 . . 5.0 ~ 2.9 0.0 10.7 
Nova Scotia 114.1 

' 

126.3 » 6.2 
V 

4.8 251.4 
New B!_‘l1n_S_Wlcl( . 173.6 

_ 

49.1 10.1 5.5 
, 

238.4 
Quebec 

A 

1026.6 526.1 . 39.6 (23.6 
, 

, 

-—l6l5.9 

Ontario 1099.1 . 

- 2235.5, 88.9 33.9 
' ’ 

3457.4 
Manitoba 93.1 - 

V 

25.3- 6.4 1 0.4 
3 

-125.1 

lSa_.skatchewan 31.6 . 14.0 1.5 
. 

‘ 

0.3 
_ 

' 

. 

’ 
T 

47.3 
Alberta 

V 
C 

107.4 
, 

. 155.1 7.9 . 3.2 2736 
British Columbia 713.4 -. 395.0 26.9 26.0 . 1161.2. 
Territories 

~ 
' 

0.0 
_ 

A — 0.6 
_ _ 

0.0 
' 

- 0:0 
' 

0.6 

Canada total 3434.7 . . 3552.8 196.6“ 
J 

98.0 7282.1" 
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Table 18 Intake Water Treatrnerlt (MCM/year), by -Type of Treatment and Province, 1991
V 

.24 

Industry group , 
Filtration Chlorir1a- Corrosion 

A 

Screening Hardness Other Total Total 

_ 

tion and 
' 

and slime .» and intake 
’ 

intake 
disinfection control alkalinity treated 

' 

_ 
control 

_ H k _ _ 

Newfoundland 2.7 40.3 4.0 
_ 

56.1 1.5 0.7 .105.4 100.4 

P.E.I._ 
’ 

0.1 6.0 0.0_ .. 
‘ 

0.0 0.3 0.0 6.5 10.7 

Novascotia 23.1 168.2 — 17.9 . 62.4 47.4 39.2 358.2 251.3 

New Brunswick 79,6’ 70.8 59.1 . 
88.8" 12.6 2.4 313.2 238.4 

Quebec 
, 
405.4 287.0 183.3 5387 248.1 22.7 1685.1 1615.9 

Ontario 5281 1058.6 801.4 2207.4 282.8 69.9 4948.2 3457.4 

Manitoba 20.3 21.7 0.3 . 27.0; .2.1 0.3 71.7 125.1 

Saskatchewan 37.4 36.2 0.8 
' 

0.3 
_ 

41.4. 0.0 116.1» 47.3- 

Alberta 137.7 71.5 34.4 123.5 A 61.6 35.0‘ 463.7 2736 
British 395.2 223.3 47.0 

_ 
412.4 27.4 6.2 1111.5 1161.2 

Columbia - 

V

' 

Territories. 0.1 
_ 

0.0 -_ 0.0 0.0. A 0.0 0._0 0_.1 0_.6 

Caiiaiiatotal _ 1629.6 
V_ 

1983.5 .' 1148.2 3516.7. . 725.3 176.4 9179.7 .7282.1 

_ 
Table 19 Wastewater Discharge in Maniitactuiing‘(MC1v1/year),_bylPo1nt or Discharge and Province, 1991 _ 

Industry grbui) Public sewer . Freshwater Tidewater Groundwnter Transferred Total discharge 
' 

M body 
_ 

body to other uses . . 

_ > 

Newfoundland 8.2 "'21 0 

84.4 1.3 0.0 96.0 

'1>.r3.1. 4.1 31.1 . 2.0 0.2 0.0. _-10._3 

Novascotia . 41,4 13.1 181.5 1.0 0.0 237.1 

New Brunswick 18.3 106.2 80.4 0.7 1 0._0 205.7 . 

Quebec 187.6 1224.4 89.7 10.7 1.0 1513;.4 

Ontario 297.6 2964.9» 0.0 12.7 -3.4 3278.6 

Manitoba 74.3 * 

_28.5 0.0 16.4 1.4 120.7 

Saskatchewan 5.3 3.9...1 
_ 

-0.0 0-1 0-0 44-6 

Alberta 21.7 193.8 0.0 
i 
3.9 1.9 . 221.4 

MBritish "41.3 447.2 -515.8 28.2 0.9 , 
11033.4 

Columbia -

_ 

Territories 0.0 0.7 0.0 0.0 0.0 0.7 

-canaiiatotal 
_ 

699.8 5024.1” 953.9" 75.3 _ 8.7 
‘ 

».6761.8



2.2.4_ The Cost of Water 

The provincial distributionjofwater cost data (water acquistion, intalre and waste water treatment, and 
water recirculation) show that Alberta dominates all costcategories (Tables 21 and 22), followed byontario. In the 
acquistion cost total ($812) n_1.i.l.l.i<>..1;1., .A.1be.'r.t§a was -t.h.e largest contributor .fol.1oWed by Quebec, Alberta, and 

' 

. British Columbia. The at-plant 0&M cost category dominates the water acquistion costs, accounting for over 85% 
of the total. The high total water acquisition cost in Alberta was due to the-commencement of a major new plant 
as noted in section 2. Of the remaining cost questions, the cost of discharge or waste treatment was reported at 
over 16 m_i_l_lio'n with Qr_i_t'a'rio dominating (59%).This 
about 62% ofthe $97 million (Table 22). . 

province also led t_he recirculation’ costs reported. with 

Table 20 Treatrnent-of_ Manufacturing Water Discharge (MCM/year) by Treatment and Province, 1991 
_ V 

lndl‘lst’ry' group 
V 

Primary Secondary Tertiary 
' 

Total treated 
U 

Totalidischargme: 

. treatment treatment treatrnent discharge ‘ 

Newfoundland 10.5 8.4 
' 

0.1 19.0 96.0 
P.E.I. 

' 

2.6 0.2 "0.0 2.8 10.2 

Nova Scotia 127.4 ‘12.7 ' 1.3 
I 

141.4 237.1 
New larunswiclc 1022- 54.1 .31.6 

1 

187.8‘ 2057 
Quebec 819.8 158.9 . 150.8 1129.5 1513.4 1 

ontario -1203.1 376.5 234.8 1814.4 3276.8 
Manitoba 42.0 16.3 0.4 58.7 120.7 

‘ 

Saskatchewan 41.8 40.0 15.8 81.84 44.6 
Alberta l08_.8 101.8 2.9 213.4 

, 
221.4 

British Columbia 529.5 
A 

504.8 
4 

32.3’ . 1066.6 1033.4 
Territories 0.7 5 

' 
‘ 

0.0 0.0 0.7 ‘ 

0.7 

Canadatotal 2988.3 1273.8 454.1 4716.1 6761.8 

Table 21 Water Acquisition Costs ($n1illior1) in Manufacturing, byrcosgt Component and Province, 1991
A 

Province . Paid to public At-plant Provincial ' 

Total. 

'.l.!ti.'i.ti°§’. __ ..0&.M 
. 

........1i°¢n°ef9=s 

Newfoundland 
" ' 

0.7" 
‘ '2 

20.92 
P P 

0.0 1.6 

P.E.I. 0.1 0.0 0.0 0.1 

Nova Scotia 1.1 1.0 _. 0.0 2.2 

New Brunswick 
' 

1.3 9.2 N 0.-2 10.7 

Quebec 
' 

16.5 27.0” 0.51 ' 44.0 
Ontario 79.1 

' 

95.4 0.5 175.1 
Manitoba 4.2. l.l 

, 0.0 '53 
Saskatchewan 4.2 0.3 0.1 4.6 
Alberta 5.7 534.0 0.2 539.9 
British Columbia - 5.4 20.9 2.5 28.9 
Territories 

A 
1 

_ V 

0.0 
_V 

0.0 ' 

0.0 

Canadatotal 
’ ' 

689.8 4.1 

25 

812.-4



Table 22 
A 

Total Water Costs ($mjllion)'i_r1 Manufacturing, by Cost Cornponentnand l-’r"ovince, 1991 

Province Acquisition cost Intaketreatrnent. Recirculation 
I 

Discharge treatment Total 
w‘a(t)es,1t~ 

’11«_é&rroi?rf;iia.ia 

*2 3 W 
1.6 '0.4 0.0 

i 
1 

0.8 2.8 

P13-.1.. 
4 

-0.1 0,4 0.0 o_.o 
‘* '05 

Nova Scotia 2.2 2.8 _ 0.5 2.3

4 

New Brunswick 10.7 3.2 0.6 5.6 
.2 

20.1 

Quebec 44.0 36.9 25.0 50.7 
_ 

156.6 

Ontario 175.1 
' 

32.7 
h 

55.3 115.3 378.5 

Manitoba 5.3, ,2.8 1.4 72.3 

A 

11.8 

Saskatchewan 4.6 7.9 _ 3.6 1.3 17.4 

Alberta 
, 

539.9 19.7 
' 

6.6 8.7 575.0 

ggltfibia 

) 

_ 

28.9 14-.4 3.5 34.7 31.5 

Territories 0.0, 0.0. 0.0 0.0 v 

_ 

o.-1 

Canadatotfal 312.43 121.5 96.7 
- 1252.2 221.7 

3. MINERAL EXTRACTION WATER USE 

For the purpos"eso'f. this survey, the mineral extraction industry consisted of metal mining, non-metal
‘ 

mining, and coal mining. Technical difficulties prevented the inclusion of crude petroleum and natural gas plants,’ 
which had been surveyed in previous years.- Dueto confidentiality restrictions under the federal Statistics Act, the . 

summary results contained in this paper are-reported at the regional level, as Opposed to the more detailed. 
provincial level of secti,or'1‘_2-. For the same reason, the northern territories are included with the British Columbia 
data. Also, the discussionis‘ much shorter, because the basic ‘concepts used are ‘similar to those employed in

A 

section 2." 

A 

The mineral extraction plants surveyed employed. just over 55 000 persons in 1991. They had a. combined 
it 

water intake totalling ‘364 MCM , which, combined with recirculation of 1223 MCM, yielded a gross water use of 
1587 MCM (Table 23). The metal mines, the largest group surveyed, were the largest water users in all 

‘ 

paran1ete,r_s.‘ The use rate for the three mining sectors was calculated at 436%, much higher than that for 
manufacturing, primarily because of water recirculation frorn tailings ponds. Because the question pertaining to 
wastewaterdischarge included drainage of groundwater from many of the mines, discharge totals ofien exceeded 
intake, causing consumption to be matliematically negative. To circumvent this problem, discharge was calculated 

. to exclude mine water in Table 23. 
A "

A 

The mineral extraction industries abstracted most of their water intake (Table 24) from surface water 
bodies (78%), with the second source of supply being groundwater sources (8%). Processing uses (75%) 
accounted .for the largest amount of intake water in this sector, followed by cooling and condensing (16%), and 

sanitary and other purposes (8%) (Table 25). Screening dominated the methods of intake treatment (Table 26) 
- followed by chlorination and disinfection, other treatment, category and filtration.

8 

26.



Freshwater bodies accounted for the largest proportion (59%) of water discharge from plants in this sector, (Table 
27). The amounts of water t;i‘ar_1,sfeltred to tailings ponds (20%) reflected the importance oftailings recovery

, 

processes in the metal mines. As noted above, much of the waterrecirculated by metal mines derives from tailings 
ponds. To a lesser degree, the tailings ponds were used in potash mining, butthe Saskatchewan potash plants 

w 

injected most of their salty wastewater to disposal wells for permanent ground storage.
_ 

Much of the effluent fiom all three mining sectors received at least primary treatment (Table 28). Metal 
mines provided all three levels of treatment to cleanse their. effluent before discharge. As is common ‘with the 
manufacturing‘ sector, the primary (mechanical) waste t'r‘ea't'l_nent- type predominated in the mining ‘sector. Much of 
the settleable waste from ore processing remains in tailings ponds adjacent to most mine sites. However, settling 
will not remove substances requiringamore advanced forlns oftreatment. Thus, mining may generate a wide variety 
of pollutants that can damage the quality ofwstreams and lakes. The offsetting factor to this point is that mines are 
generally in remote locations, away from major concentrations of population. However, this fails to take account of 
harm done to the environment, and to fish and wildlife dependent on it. -Therefore, the lack. of advanced waste 
treatment is an unsustainable practice that needs to be addressed. 

The reliance on self-supplied intake sources in all three groups is reflected in the water acquistion costs. 
The in-house operating and maintenance costs reported by the metal mines accounted for approximately 93 % of 
these expenditures (Table 29). Only the non-metals) group paid slightly more to the public util_ities for their 
withdrawals (53%) than on in-house operating and maintenance costs.iAs in all other parameters, the metals group 
‘incurred the largest costs, 

Tables 30 through 36' examine the mineral extraction wateruse data on a regional basis. The spatial
_ 

distributions indicated reflect the distribution of min_ing activity in Canada. These data are not discussed further 
here. 

' ' 

A 

‘ 

.
- 

Table 23 Selected Characteristics of Water Use (MCM/year) in Mineral Exnactlnn, liy l’ara__m_eter and Industry 
Group, 1991. __ _ _ ‘_ _ 

. 

_ , 

7 _ v_ _ 

Industry Group Number Employment) Intake Recirculation Gross water Discharge 
‘ 

Consumption‘ 
ofplants " 

' 

V 

v _ _ 

‘ 

- use 
' 

1. 

Metal mining 113 37307 307.5 
’ 

"1094.0 1401.5 424.2 -. 39.2 
Non-metal 

' 

55 3705' 43.3 31,7, . 
- 125.0 .-57.6 . 

V 

'7.9 
mlnlng , 

A

» 

Coal mining 30 
, 

4 

8556 13.0 43,0 50.9 17.4 3.9 

Canadatotal 203 
‘ 

55063" 363.8 _§_ _ 
1223.6, 1537.4 “ 

499.1 
' “ ' 

T i 

.1010 
* In the mineralindustry context, water “consumption” is negative in manyicases because of groundwater 

intrusion. for table, consurnption was calculated excluding mine water.
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28 _’ 

’ Table 24 Water Intake (MCM/year) in 1§iinegni"Ennn;1i6n;’ bv snnrce and Industry Group, 1991
‘ 

Industry » ._Fresh water ' 

. 

" T’ " T " 
Brackish water 

Group V _T __ 
1 

_ 
_. 

' 

T __ __ 

‘ Public se1,f_-“ '“'S’elf" Otlier Selfr Self-supplied Other~ "Canada 
utilities supplied supplied 

, 
supplied tidewater total 

6 

’ 

surface ground 
. . 

4 

.f_-.. .;gr9§u.nd 

Metal’ 
' 

15.9 255529 13.3, 13.0 
I 3.0”’ 0.0 6.3 8075 

Mining 
‘ 

T 

. 

4
. 

Non_-metal‘ 3.6 25.3 , 7.0 0.4‘ 
. 

_ 
0.7 5.7 0.6 - 43.3 

rn1n1ng .
_ 

Coal mining 0.7 2.6 1 7.3_ _2.3 0.0 
T 

0.0 
A 

o._0 
' 

‘1.3_.0 

Tgzanadatotai 20.2. ’”2‘8§.9; * 27.6% 15.7 
T 

_3.7__ 5.7 363.8 

Table 25_ T 
Waiter Intake (MCTM/yeér) in Mineraliléfiitraction l_>y_Purpose_ofTInitia1 Use and Industry Group, 1991 T 

Industry Group 
A V 

Processing 7 Cooling, 
7‘ 

Sénitary services Other Total intake’ 

condensing and 
' ' 

- _ . 

...51°a“‘. . 

v 

’ 

. . .. 

_MetélMining 
’ 

236.9 716.6’ 
A 

. 

T 

13.6 10.4 307.5‘ 

Non-metal mining 28.1 12.1 1.8 1.4 433 
Coal Mining 9.3‘ 0.8 2.3 0.6- 13.0 

Canadatotal __2__7T4.3_TT T 

.s_'9'.4 
’ 

17.T7T 
T _T T123 - 363.8” 

Table'26 
_ 

Water I}'_1talEe “Treatment (MCM/year) in Mineral Extraction, Tfyné of Treatrnentzand Industry Group, 

T 

1991 
_ T_TTg 

' 

. 

1 

_T
1 

Industry‘ 
K 

I:‘i_l_trat_ion 

K 

mCl1l6rination ~ Corrosion Screening Hérdness 
‘ 

Other Canada 
Group and and 

‘ 

2fu1da'lk’ali‘nity tom] 

_ 

Disinfection slime control TTT 
control 1 

T _T 

Metal mining "2’4‘.’7‘ ’ 

94.7 ‘1;5.1_ 7 97.0 13.1 T, 95.3 339.9’ 

Non-metal 1.3 3.8 1.2 -7.5 1.6 » 4.3 
' 

19.7 

nnmng « 

. 
~ ' 

-

. 

Coalrrnining 0.0 0.2 0.0 
' 

0.0 0.2; , 0,3 -0.8 

Canndatotni 
’ 

26.0 —_ 98.7 “164 _-104.5 .1510" "999 .§6_0.4-



Table.27 _‘\:lVasteW:a.ter‘l‘)iscl1ia:r'ge‘(MCM7year§ in Mineral EXIIM 0 

‘on, by Point of ‘Discharge and Industryw ‘Group,
I 

3 330.6 

1991 .
. 

Industry group Public . Freshwater Tidewater Ground Tailings -' Transferred to Total 
' 

.. .5°W°’5. 
. 

body 9°92 W9.r_ 
. p91!9_.._. ._ .. 

..9t.1!<=r uses. 1 _ . . 

Metal mining 2.2 
_ 
260.4 

’ 

26.6 
" 

40.2 i 

‘ ‘ "945 ‘ 

o_..3 424.2 
Non-metal 0.1- 28,1 7.8 17.1 2:.-8 

- v 1.7 57.35 

mining
. 

Coal mining 3.9 4.6 '3.3 ’ 0.9 4.7 0.1 1734 
I 

u 
g 

. 

‘ 

_ 

b 
_

' 

Canada total 6.2 293.1 37.7 2 58.2 101.9 . 

« 2.0‘ 499.1 

Table 28 Wastewater Treatment GVICM/year") in Mineral Extraction, by type of Treatment and Industry Group, 
V 1991 '

‘ 

Industry Group Primary Secondary . Tertiary 
7 

Total 
Metal mining 

’ 

29310 
" 

14.9 
1 46.9 354.8’ 

Non-metal mining 10.9 
A 

1.1 0.0 12.0
' 

C'o'a1_ mining. 12.3 0,5‘ 0.0 12.8 

Canada total 316.2 16.5 
‘ ‘ 

‘"'4‘6’.9‘ 
’ 

379:6‘ 

Table 29 Water Acquisition Costs ($000) in Mineral Extraction, by Cost Component, Industry Group, and 
_ ‘_.. .R.egion,,129.1_ -. . _. __ . - .. 

' 

-
4 

Industry Group and‘Rcgion‘ ' 

Paid to public I” Qperation Provincial water ' 

Total
. 

V. 
~ 

. . 
1 utilities andmaintenance ' 

licences acquisition cost 
(a)iIn.dus‘try group 

_ 

i 
‘ 

0’ ' ' '0 W 
'. 

Metal mining 1 679.1 47 860.3 269.2 ' 49 808.4 
Non-metal mining ‘ 1568.0 1371‘ .0 3.0 2 946.0

_ 

Coal mining 83.0 1 144.0 2_.0 1. 229.0 . 

(b) Region .

. 

Atlantic 284. 1 655.2 0.7 93 9.9 
Quebec 366.6 

' 

1 952.9 0.0 2319.5 
Ontario - 277.1 39 807.6 0.0 

" 
40 804.7. 

Prairie 1391.9 5 125.5 3.3 - 6525.8 
British Columbia/territories . 1 010.9 2 832.8 270.5’ 4 114.2 

Canada total , 50 37_4._l_ . 

_ 229.5% ‘ 

29* 

53 93:*:!_



Table.‘30 Characteristics crwa_tcr1_1sc(McM/year) in Mineral Extracticni 115} P-larami ‘ctcrcnd Region, 1991 

30' 

'”Region Number of Emplo§51r1ent' . 

_ 
Intake Recirculation 

’ 

Gross water Discharge Consu}hp- 

A -; glapts ~ 
' 

. 

' 

4 
. use 

_ _ _ 

t_ion* 

Atlantic 
"‘ 5‘ ‘T6’ 5 

8 288 76.7 
, 
549.2 625.9 .1’ 13.1 39.8 

Quebec 40 9 082 74.1 1259.9 334.0 112.3 21.1
I 

Ontario 56 14 843 87.2 122.4 209._6 106.9 13.2 

Prairie 46 11 720 50.2 _l16.4 166.6 
‘ 

78_.8 - 10.6 

British Columbia/ 35 . 11 _135 --75.6 175.7 _» ; .. . 25173 . 880 ~ 

' 

16.3 

territories 
1 

’ 
' 

6 

‘
0 

Canada total .203 55 068 
‘ ' 

363.8 1 223.6 1 587.4 
‘T 

499.1 . 101.0 

" In tl?1r1’ii1eral in industry context, water “ con_sun1ption"" is riegatii/e in many cases because of groundwater 
1

' 

intrusion. For this table, co’r1‘s”'um'ption was calculated excluding niinevwater. 

Table.3’l Water 1nt]a1{e"(1r4cM/year) in Mineral Extraction, by Source and licgi6n,"1991 1 , 

»

4 

Region . 

» _‘_ 
‘ 

Fresh water 
V 

' 

_ 
T 

5' 
Brackish water , 

- Total" 

Public 
’ 

Self Self Other 
’ 

Self Self Other 
supplied supplied supplied supplied ’ 

sur_fa_ce\ ground . ground _ i 
tidewater 

Atlantic 4.8 673; . 2.8 1.6_ 
- 0.0 

‘S 

5.8 . 
_ 0.0 76.7 

Quebec 2.5 69.3 . 

- 

1.9 0.4 ' 
4 
0.0 0.0 

A 

' 

0.0 74.1 

Ontario 2.5 68.1 7.7 3.1 1.8 0.0 4.0 87.2.
‘ 

Prairie 3.3 36.3 4.5 3.7 "I 

v 

1.8 0.0 0.6 _ 502 
British Columbia! 7.1 48.41 

_ 

10.8 7.0 0.0 
_ 

0.0 2.7 75.6 

territories. 
' » 

' ‘ t ‘

' 

_>C_an‘ada total 20.2 _ _283_.9 
‘ ’ " “ 

27.6 15.7 __ [3.7 
5’ 5 5 

5.8 
‘ 

6.9 . 

1 

363.8 

Table 32 Water intake Treatment (MClvl/year)‘ in Mineral Extraction, Type of Treatment and Region, 1991 _ A ' 

‘Region Filtration Chlorination -. /Corrosion Screening‘ 
‘ 

Hardness and Other 
' 

1 _‘Total 

’ 

. 
» 

‘ and and slime alkalinity control 

_ _ disinfection contro_| __ _ _ 7 

Atlantic 14.9 40.0 0.2 57.9 1.2 0.0 114.2” 

.Queb'ec 6.1 
' 

14.6 1 2.6 13.4 4.4 1.4 
_ 

42.5 

:Ontari0. 3.1 20.2 12.3 15.6 8.7 44.3 64_._-2 

Prairie 1.5 14.9 - ~ 1.2 9.9 0.6 4.6 32.7
V 

' 

British Columbia! 0.4 9.1 0.0 7.7 0.0 89.6 106.8"
' 

territories 
'

‘ 

“Canadatotal 
4 ‘ 

26.0 98.7 ,1 
1' 

16.3 
. 

104.5 14.9 99.9 
’ 

360.4

K



Tab1e733 
1 

A'\117.ater Intake (MCM/year) in Mineral E_xtrac__tio_n,_P111'pose and Region, 1991 

31 

Region Processing "Cooling, condensing and ‘Sanitary service Other Total 

_ _ 
steam - 

,_ _ N 
Atlantic 

” _ 
56.5 15.8 4.3 

' 

0.1 
' 

76,7‘ 

Quebec 61.3 9.9 2.1 0.8 74.1 

Ontario» -59.7 ._13.1 95.4 . 8.9 87.2 
Prairie 29.0 16.1 3.4 1.8 50.2 
British Columbial 67.9 4.5 2.5 0.7 75.6 
tem'to.ri¢s‘ .. __ . — 

. _. . . 

Canada total 
" 

274.4 59.4 17.7 12.3 
, 

_363_;{8‘ 

Table 34 Water Rec_ircu1atiori (MCM/year) in Mineral Extracti‘on,.by Pu_r_;5ose_and Region, 1991 
Region Processing Cooling, condensing j, 

". 
' 

Other 
' 

Total 
‘ and steam ‘ 

Atlantic 535.7 
' 

13.5 0.0 549.2 
. Quebec 

' 

255.5 _ 

'4.0 0.4 259.9 
_ Ontario 34,7 77.8 9.9 122.4 

Prairie 85.8 24.1 
A 

6.6 116.4 
British Colurfibia/territories 168.0 3.6 4.2 175.7 

Canadatotal , :1079.6, 1 123.0 ' 

21_.0 
' 

1223.6 

Table 35_ :_ ‘Water1Disc11arge (MCM/year) in Mineral Extraction, Discharge Point-a;nd.Regio_n, 1991 
_ _ 

Region 
" V ” 

Public ‘Freshwater Tide-water ‘Ground - 

' ' Tailings Transferred » Total 
sewers bodies bodies 

_ _ water ponds to other uses discharge 
Atlantic 0.0 74.1 10.3 

H 
11.5 17.1 0.0 113.1 

Quebec _ 
1.8 90.5 0.6 12.6 6.4‘ 0.5 112.3 

3 

Ontario 0.3 67.7 . 
~0.0 - 0.2 37.3 

V 

1-.4 106.9 
Prairie . 3.9 41.1 

3 

0.7 25.0 8.0 
_ 

0.1 78.8( 
British Columbial 0.2 19.8 26.0 

V 

8.9 33.1 0.1 8_8.0 

territories . 
, _ , _ _ __ _ _> 3 _ _ _ 

Canada total 6.2 2193.1 
' 

37,7 _ 58.42 _ "_'1_'Q1__9 _ 
1 ' 9 

499.1" 

Table _36 
‘ Wastewater Treatrnent (MCM_/year), in Mineral Extraction, by Treatment Type and Region, 1991 

Region 
’ 

' Primary Secondary - Tertiary Total 
Atlantic 90.8 0.2 0.0 91.0 
Quebec 81.9 2-.3 4.3 88.6 
Ontario 50.3 10.2 37.9 98.4 
Prairie . 

V 

39.1 1.0 0.4 40.5 
British Columbia/territories 54.0 ,' 2.8 4.2 61.0 

Canada total 316.1 16.5 46.9, 1 3 
’f3‘_7_9'.'6



4, THE'RM:AL‘-POWER PLANT WATER USE 

, Water use for thermal power generation was the largest ‘of the industrial sectorssurveyed. Electric 
power plants accounted for approximately 99% of intake in the sector, over 28 000 MCM in 1991 (Table 

. .37), with the industrial establishments producing electricity and steam for their processes accounting for 
the rest. Of these industries, the three majorwaterusers accounted for almost the entire remainder of this 
category, metals being largest, followed by paper and allied products and chemicals and chemical 
products. (N o overlap in statistics occurs with_the.rnanufacturing and mineral extraction sectors, as the 
thermal power surveyidentifred separately co-generation plants.) 

' 

' ‘ 

Surface water bodies r_n__ade up the principal_sources of water for thermal "power generators 
(approximately 92%), with the secondary source being tidewater, especially for the electrical utilities V 

, (Table 38). The discharge data show thatthe most of the effluent (about 92%) was discharged to these 
same ‘bodies, with tidewater and cooling ponds being minor discharge points (Table 39). 

Because of the volumes of vvaterinvolved, most of theidischarge from themalpower plants flowed 
to independent “surface water sinks, principally freshwater lakes (Table 39). Very small portions of the 
water (mainly that from sanitary uses) went to public sewers. _One plant in the Prairie region used a surface 
water basin as part of its recycling system. With this exception, the thermal power industry has a dismal 

'
‘ 

record of water» re-use,‘a finding reinforced by Table 37. Plants generally use their cooling water only once 
before discharging it back to its source. 

’ ‘ 

A 

: 

A 

The most frequentlyused process to treat intake water was screening, followed by filtration,
’ 

chlorination and disinfection, and corrosion and slime control (Table 40). These four treatment methods 
. ' 

accounted for about 99% of treatrnent. The electrical utilities dominated all categories, with primary, 
' 

metals, paperand allied products, and chemicals and chemical products industries ranked by decreasing" 
treatment volumes. 

The (survey data on costs for water acquisition and intake treatment (Table 41) again, reveal the 
"A 

dominance of the 'ele'cn'ic p_ower utilities, which emerged front the analysis of the water use data. The 
electrical power industry accounted for over 60 % of the cost of water acquisition, and the paper and allied 
products industry led the 'rnanufactu'n'ng industries with about 37 '% of the total. The expenditures on intake _ 

tr'eatrnent.revealed'that approximately 74% were by the electrical utilities, while the-paper and allied _ 

products) industry spenttabout 13%,.slightly more the chemicals and chemical products industry at
2 

12% (Table 41).
‘ 

Water use in thennalrpower generation is distributed among regions exactly as the distribution of 
plants.VAccordingly, most of the usage occurred in The regional data are summarized in Tables 42

g

I 

through 45, for interested readers. They are not described here, 

32"



Table 37 Characteristics of Water Use (MCM/year) in Thermal Power- Generation, by Parameter and Industry group, ‘1991 
Industry group 

, 
. Number Employment Intake Recirculation Gross Discharge Consumption 
of plants 

' 

’ 
A 

water use
1 

iMctal mining 
I 

1 16 0.1 1 409.2 1 409.3 0.0 "0.0 

3 

Primary textiles . 1 17 .~ 0.1 0:0 0.1 0.1 0.0 

. 

Paper and allied‘ 16 594 26.5 24:8 51.3 2 21.1 5.4
. 

. Primarymetals 2 46’ 
_ , 

" 
.41.9 0.0 41.9 

’ ' 

20.4 21.4 

1 

Chemicals and chemical ; 2 50 0.3 1.6 2.4 
' 

0.5‘ 0.3
' 

i_p'r0d'ucts 
_ 

- 

. 

_
V 

. 
Electric power 44 

' 

9 440 28 288.1 3 374.3 321 662.4 28_ 183.0 ' 105.1 

. Canadatotal V66 10 163 28 357.5 4 809.9 33 167.4 28 225.2 . 132.2 

- Table 38 Water Intake (MCM/year) in’Thermali Power Generation, by Source and Industry Group, 1991
_ 

I Industry group 
_ 

. 

7 

Fresh water 
' 

Brackish water Total 

. Public/municipal. Surface Ground) Other Ground‘ Tidewater Other 
‘ 

,. Metal mining 0.1 0.0 0.0 0.0 
’ 

10.0 ‘ 
' 

0.0 0.0 ‘0.1 
’ 

1 f 

Primary textiles 0.0 0.1 0.0 0.0 * 0.0 0.0 0.0 4 0.1 
9 Paper and allied 6.8 19.8‘ 0.0’ 

I 

{0.0 
' 

0,0 0,0 
I 

0.0 26.5
J 

Primary metals 0.1 41.8‘ 0.0 0.0 . -0.0 0.0 0.0 411.9 '.

f 

‘ Chemicals and chemical 0.1 0.7 0.0 0.0 0.0: 0-.0 0.0 1 0.8 I

‘ 

products 
_ 

A 

’

' 

Electric power" 158.1 25 972.7 8.8 "0.0 0.0 2 148.4 0.0 28 _288.1 

i 

Canadatotal 165.1 26 035.1 8.8‘ 0.0 0.0 2;148*.4 0.0 ‘ 28 357.5‘
5



Table~39 Water Discharge (MCM/year) in Thermal Power Generation, by Discharge Point and Industry Group, 1991 
Industry group Public sewers Freshwater Tidewater Groundwater Artificial surface Transferred to Total 

8 

. 

4 

basin other uses ‘

A 

Metal mining. 0.0 0.1 0.0 
V 

0.0 0:0 
' 

0.0 » 0.1 
textiles L 10.1 0.0 0.0 

’ 

0:0 0.0 0:0 ' 0.1 
. 
‘Paper andiallied = 0.1 

_ 18.1 . 3.0 - 0.0 0.0 0.0 21.1 
metals 0.0‘ 20.4 0.0. 0.0 0.0 0.0 20.4. 

. 

f -Chernicals and 0.0 0.5 0.0 010 
_ 

010 0.0 0.5 
. 
chemical products 

’ _ 

. 
_ .

‘ 

5 

8 

Electric power 
' 

54.4 25 890.0 2 085.8 37:6 37.7 77:5 28183.0 
; 

'Canada;tota.l 
' 

54.6 25 929.0 2 088.8 . 37.6 37.7 5 77.5» 28225.2 

'»Ta_bljc~.40' Intake Water Treatment .(MCM/year) -in Thermal Power Generation, by Typeof Treatrnentand Industry Group, 1991. . 
4 

' 

;Filtrati‘on ’Ch1orin_ation and Corrosionand Screening 
_ 

Hardness and‘ -Other Total v 

di5inf°°ti°n ' 

slimecontrol . vakalinity-control‘
' 

‘ 

' 

Metal mining 0.0 0.0_ 00 0.0 0.0 ’ 0.1 0.1
I 

' 

5 Primary textiles 0.2 0.0‘ 0.0 0.0 
, 

0.1 
' 

0.0, 0.3
2 

’ 

Paper and allied 12.8 
_ 

4.0 23 11.4 6.3 0.0 36.7
; 

Primary metals- o.o . 0.0 0.0 
t 

, 
0.0 0.6 

‘ 

0.0. .0.6 
» 1 Chemicals and 1.9 0.7 619 

‘ 

- 1.9 
‘ 

0.0 0.0 11.4‘ 1 

. 
chernical Products 5 

' V 

- 

. 

' 
8 

.

‘ 

Electric power 894.2 749.4 
8 

..319.3 24 331.3 1156.9 8915 26 540.7. 
-Canada total. 909.0 754.0 328.5 24" 344.6 164.0 89.6 26 589.8‘ '



Table 41 Water Acquisition and Intake Treatment Costs ($ million) in Therrnal Power Generation, by Cost Component," Industry Group, 

and Region, 1991 
_

I 

Industry group Water acquisition ' 

Intake ‘ Total 
I 

treatment. 

Public Operation and - Provincial
I 

utilities maintenance licence 
‘ 

fees 

- (a) Industry groups 

Metal mining - 

, 

0.0 
' 

0.0 . 0.0 
I 

0.0 0.0 

IPrin_1axy textiles ~ 0.0 0.0‘ 0.0 
' ‘ 

- 0.0 0.0
‘ 

A Paperand-allied 
" I 

’ 

0.0 
I 

2.4 
' ' 

0.0 
’ 

. 2.2 
' 

4.6 

. Primary metals 0;0 - ‘0.0 
’ 

o.o 
' 

0.0 0.0 1 

. Chemicals and ~ 

I I 

010 7 

I 

0.1 1 0.0 
’ 7 1.9 2.0 

chemical products 

5 
Electric power 

I 

0.9 3.0 
I 

0.1‘ 12.3 16.3 

_ (b) Regions 
I

‘ 

Atlantic 
V 

- 0.6 1 0.2 0.0 2.3 3.6 *- 

§Qucbc_c 
f 

0.0 
_ 

. 0.0. 010 » ‘0.0 0.0 V‘ 

’ 

Ontario .; 0.2 A 2.0 00 I 9.7 11.9 f 

. Prairie 
_ 

'0.1 0.7 '_ 0.1 3.0 30.9
_ 

British i 0.0 
' 

2.5 - 0:0 . 0.7 3.2 
- 

} Columbia/territories~ . 

' 

Canada total 
I 

0.9 
I 

5.5 
_ 

» 
' 011 ~ 

- 16.4 23.0:
V



Table .42 Selected Parameters of Water Use (MCM/year) and Economic Activity in Thermal Power Generation-, by Water Use Parameter and Region, 1991 

Region 
9 

Number of Employment 
_ 

Power Intake Recirculation, Gross use 
I 

Discharge Consumption 
' 

plants - 

» (# persons) generated " 

‘ 

9 

- 
' ’ " 

’ (GW11) /2 1

' 

?Atlantic _. 
j 

- 

V 

20 
’ 

‘ 

5 

1802. 17 213.8 -2126.0 
_ 

18.6 - 2144.6 1 

' 2106.8 19.1 
H. 

1 Quebec 4 743‘ —V 

' 

4350.9 
4 

1004.6 1409.2 -2413.8 ’ 

I 

972.0 
‘ 32.6" 

Ontario 17 5 652 . 

V 

105 269.3 
_ 

23 095.2 
A 

16.5 
’ 

23I11.1..6 23 072.5 22.7 

Prairie 17 . 
1671 45 888.6 2025.2 

' 

' .3355.0 :5 380.3 1971.0 - 

- 

" 

54.3 

British 
V 

8 295 
_ 

106.5 1016 117.1 
_ 

103.0 
I 

. 

V 

5 

3.5 

Columbia/territories . 

‘ 

_ V V 

V 

_ 
V

' 

Canadatotal 
V 

- 

' ‘ 66' 
V 

_ 
_10163 .. 174 643.5 28357.5 4809.9 . 33167.4 28225.2" . 

_ 

132:2 

Table _43 I Waterlntake Treatment (MCM/year) in Thennal Power Generation, by Type of Treatment and ‘Region, 1991 
Region » 

_ 

Filtration’ Chlorinationand Corrosionvand 
_ 

~' Screening 9 Hardness and Other Total 

_ 

t 

‘ 

’ 
' 

' 

9 

. disinfection - slime control _a1k“1i“.itY °°“tr°1 
I I 

V

. 

1 Atlantic, 
9 

E 

_ 

11.9 
V 

,6.9 300.1 1' 76922 
A 

32.6 
V 

2.9 
_ 

2 123.6 

5' 
Quebec 

_ 

- 

‘ 

869.1 67.0 ' 5.7 
_ 

5.0 0.8‘ 81.1 
_ 

102816 

.[ Ontario 
V 

V A 

21.8 . 585.3 ‘ 

‘ 

15.5 7 215482 5 

108.9 - 3.8- " 22 283.5 
V 

Prairie 9V 
V_ 

3.9 
1 

V 

1.1 1.9 922.5 A 19.0 
‘ 

- «l.5 
’ 

950.0
9 

British Columbia/ , 
2.4 

_ 93.6 
_ 

_ 

5.3- 
V 

_ 99.8 _ 
2.7 ‘ 

' 

0.3 
A 

204.0 

territories 
' 

V 

' ‘ 

Canadatotalg ; 
_ 

909.0 
' 

5 

754.0 
5 

_ 
328.5 -24 344.6 

' 

164.0 ‘ 89.6 
‘ 

26 589.8



Table 44 Water Intake (MCM[year) in Thermal Power Generation, by Source and Region, 1991 

Region Fresh water 
_ 

Brackish water Total 

Public/A Surface Ground Other ff Ground Tidewater Other 
.Mun‘i'cipal‘ * 

E

' 

Atlantic 
' 

_ _ 

‘ 

10.1 57.7 . __o.o 0.0 
' 

0.0 2 058.1 0.0 2 126.0 =1 

Quebec 
' 

. 

J 

0.1 
H 

11 004.5‘ 0:0 0.0 40.0 
_ 

0.0 0.0 1 004.6 
"‘ 

Ontario 
' 

~ 0.7 23 094.4 7 0.0 0.0 
_ 

0.0 . 
. 0.0 0.0 23 095.2 . 

Prairie 154.2 1862.2 8.8 
I 

0.0 _0.0 '- 0.0 0.0 2 025.2 ‘

. 

British 
“ 

0.0 16.2 0.0 
V 

0.0 » 

' 

_ 

0.0’ 
_ 

90.3 0.0 106.5 

Columbia/territories 
" 

V 

' 

' 

. 

' 

.
‘ 

Canadatotal 
A 3 

. 165.1 26 035.1 . 8.8 0.0 
’ 

0.0 -2 148.4 0.0- 28 357.5 

Table 45 Water Discharge (MCM/year) in Thermal Power Generation, by Discharge-Point and Region; 1991 _
7 

Region Public sewers Fresh water Tidewater . Groundwater Artificial surface- Transferred to Total 
' 

' 

7 

' 

basin otheruses 
' Atlantic 

_ 

' 54.0 » 8.6 
7 

1 994.0 ’ 

1 0.2 0.0. 50.0 2 106.8 

Quebec _ 
0.1 - 

. 897.2. 0.0 _ 
37.3 ' 

. 37.3 .0.0_ 
_ 

972.0 

Ontario 
' 

_ 

0.5" 23 072.0 
_ 

. 

' 0.0 V 0.0 
' 

-0.0 
, 0.0 

l 

23 072.5 

Prairie 
’ 

- 0.0 1 943:0 
' 

0.0 
V 

0.0 ~ 

. 

0.4 727.5 1 971.0 . 

British 
A 

- 0.0 - 8.2 
' 

— 94.8 0.0 -0.0 0.0 103.0 

Columbia/territories 
1 l V A 

'
1 

‘Canada total’ E 54.6 
A 

25 92920, 2088.38 . 
. 

. 37.6 
_ 

37,7 377.5 
. 

3 

28 225.2



p
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5. WATER USE TRENDS, 1972-1991 
During the period 1972 to 1991, five industrial water use -surveys were conducted. Using these accumulated 

I 

data, a few trends can be described (see Table 46 and Figure 2). Detailed analysis of the reasons underlying these 
trends is beyond the scope of this paper, but will be‘ presented at a later date. Also, no comparison is included here of 
the outcome of the 1991 industrial water use survey and the forecasts made for the Inquiry in Federal Water Policy of 
1985 (Pearse et al., l98_5; Tate, 1985)., V 

' ' 
4 

‘
' 

Industrial water withdrawals in the aggregate experienced increases both nationally and regionally, with 
national withdrawals growing from 18 045 MCM in 1972 to 36 003 MCM in 1991. Regionally, Ontario and Quebec A 

contained the majority of the industrial water use, and determined this trend of continous growth; British Columbia 
withdrawals increased from 1972 to 1981 but experienced a decline in l986\and a further decrease in 1991. The 
Prairie region began with increased withdrawals between 1972 and 1976, but withdrawals during the 1976 -1986 
period underwent a slight reduction which now‘ has been reversed with increased withdrawals in 1991. The 
withdrawals in the Atlantic region have fluctuated byincreasing fi'om 1972 to 1976, declining in 1981, and‘ then 
increasing again in 1986 and declining in 1991. We suspect that these trends follow the ebb and flow of the national 
and respective provincial and regional economies, although structural changes and environmental policies also have 
an (as yetundeterrnined) effect. » 

‘ ' 

Ontario was-the major user accounting for 54% ofall withdrawals in 1972, increasing to 74% in 1991. The 
second largest regional user has changed in almost every survey, with the Prairie region ranking second in 

_

I 

withdrawals in 1972, being surpassed by the Atlantic region in 1976, by British Columbia in 1981, and by theAtlantic 
region again in 1986 and 1991. The regional use of water as a portion of the national use also decreased between 1972 
and 1991 in the Atlantic and ‘Quebec regions, though both showed anabsolute increase in use. This pattern of growth 
relates largely to major increases in water withdrawals for thermal generation in Ontario, which overshadowed the

' 

increases in all other-_uses. 

Over the _l972—l99 1' period, the trends inthe gross water use for the sectors which practice recirculation 
increased both nationally and regionally from 30' 954 MCM in 1972 to 48 842 MCM in 1991. Regionally, the trends 
in gross use over the period mirrored those experienced in the water withdrawals previously outlined. 

In terms of gross water use over the 1972-1991 period," manufacturing was the _largest water user in the 1972 
and 1976 surveys, but since 1981 it has lost its dominance to the thermal power generation sector. The mineral 
extraction sector has remained third among the three throughout the period. The trends among these three sectors will 
now be discussed individually.

’

38



302 

Figure 2 
Sectoral Water Use in Canada, 1972-91 
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. 5.1., 

1 

Manufacturing 

Manufacturing was the second’large_st water user among the three sectors surveyed. Over the 1972-1981 
period, its total withdrawals increased from 8362 MCM in 1972 to 9937 MCM in 1981.» However, in" both 1986 and 
trends, the gross use grew from 19 480 MCM in 1972 to a peak of 20 684 MCM in 1981 and decreased significant] 
to 15 796 MCM in 1986 and down further to 15 088 MCM in 1991. _ 

.. .
1 

This pattern of growth and decline is interesting and somewhat paradoxical because it was accompanied by a 
. decline in the use rate in almost allindustries. Thus, a fall in usage accompanying a rise in water use efficiency isnot a 
plausible explanation for this pattern of growth and decline. One possible explanation rel_ate_s to the wholesale decline 
in manufacturing activity, as suggested by the corresponding decline in gross water use. The decline may have been 
accompanied by structural changes in the manufacturing sector. To detennine the precise causes must ‘await further 

1991, total withdrawals decreased significantly to 7984 MCM "and 7282 MCM respectively. Mirroring the withdrawal 1 

40 

research. 

Table 46 
V 

Selec'ted.Ch'aracterist'ics._ of ‘Industrial ‘Water Us‘; Year, §e'ctor, and 

_ V 
_ 

Water Use Parameter f 7 
V 

. - 

7 
V. 

_ A _ _ 7 

Sector and parameter 
‘ 

1972 1976 
’ 

1981 
1 11986 

A 1 
71991

7 

Manufacturing ‘ 

V ' '

I 

Intake 
V 

. .. _s 362 
' 

~ 

_ 8 672 
_ 

9 937 » 7 984 ‘ 

_ 

7 282 

Recirculation 
i 

' 

I 

V 

l l l 18 
' 

1 

‘l l 
3612 10 747 71813 6 806, 

Gross water use 
' ‘ 

19 480 26 034' 20 684 
' 

15 797 
_ 

14 088 

_ Discharge 
A 

. 

' ' 

8023 . 8 217 l 

9 443 7 579 
V 

6 762 

Consumption 
' 

A. 339 
' 455 494 

“ ‘ 

_405 
V 

520 , 

Mineral extraction‘ 

Intake 
‘ 

' 

' 

- 
".362 ~ - 637 648 

4 
‘ 

-593 364' 

j Recirculation .— 

V 

‘ 

1 791 « - 1761 2 792 j 2 038 1 223 

'Gross water use . 

1 

‘ 2 153 
' 

_ 
_2 398 - 

' 

3 440 ' 

263.1 1 587 
' 

. Discharge 
_ 

. 275 
' 

. 
. 563 . 470 

_ 

429 263 

"Consumption 3 

' 

~ 87 
' 

' ‘74_ K 
. 178 164 101 

Therinal power generation 
1 

_
V 

Intake 
' 

' 

9 321 13.164 19 281 25 364 _ . 
2'8 357, 

Recirculation 0 . 

I 

199 
t 

I 868 480 4 810 

Gross Watertlsc ’ v 9 321 
I 

13 363 21 149 29 844 . 33 I67 

D_i_5qha__rge_: 
- 19 219 

A 

1_3 003 » 19 21-3 , 
25 093 - 

_ 
28 225 

Consumption 
I 

. . . .. ,. . 

11.12 161 ' 153 
. . 

271 132 

Source: Environment Canada industrialwater use surveys. 
'7

I 

Note: Data may not add due to rounding. 
g
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In each of the five survey years, the paper and allied products industry rankedfirst as the largest water user 
among the five major water+using ‘industries surveyed. This industry reported the largest gross water use based-on the 
largest intake c_ombined with the largest level of rec_ir'cula'tion. The primary metals industryhas been consistently 
ranked second topaper and allied products throughoutthe survey period, except in 1986. In the 1986 su'rv'e_y, the 
chemicals and chemical products industry , which had been third in all other water surveys, moved past primary 
metals. This anomaly. was due to a slightly higher level of recirculation reported and hence a greater gross use. The 
refined petroleum products industry has-consistently ranked fourth during the 1972-1991 period. Finally, the fifth 

9 

major water-using industry has been the combined foods and beverages industriesg, with the exception of 1976. 

’ due to the poor survey response in Alberta. 

‘ Over the five surveys, the refined petroleum prod_uc‘tsl‘i_ndust_1"ty, as an individual.industry group has 
consistently practised among the highest levels of recirculation in terms ofits withdrawals. _During the 19724991 
period, Ontario led all provinces as the largest water user in manufacturing, followed by Québec and British 
Columbia. 

9 

'
r 

5.2. Mineral Extraction 

The mineral extraction industry ranked last in terms of total intake "in all five sur’ve'ys.'It_s withdrawals have 
fluctuated over the study period, increasing from 362 MCM in 1972 to 667 MCM in 1976, but declining slightly to 
648 MCM in 1981 and decreasing even more to 593 MCM in 1986 and still further to 364 MCM in 1991.T‘his 
significant decrease in 1991 reflects the deletion of the crude petroleum and natural gas group from the survey results, 

I 

'Over'the five surveys, the mineral extraction sector has employed recirculation to a greater extent than the 
other sectors, with its withdrawals being reused more than four times on average to meetits gross use. The 
consumptive use in_ this sector has slowly increased over the study period. — 

5.43. Thermal Power Generation‘ 

"The thermal power generation sector was responsible for the largest withdrawals in all years surveyed. This 
industrial sector, which includes both conventional and nuclear power generation plants, increased its proportion of 
total water use significantly from 38.7 % in 1.972 to 62.9 % in 1991'. This large percentage growth represented the 
combined effects of rapid growth in demand for electricity, a gradual increase in the proportion of generatingcapacity 
accounted for by nuclear power plants, which use relatively more cooling water" than conventional thermal plants, and 
a decline in wateruse in manufacturing. 

‘ ‘ 

3

* 

. Recirculation has increased considejrablywin recent years from 1868 MCM in 17981 to 4810 MCM in 1991, up 
from 4480 MCM in 1986. In fact, the gross use, which was reported at 13 363 MCM in 1976, has increased 
dramatically and has more than doubled to 28 35,7 MCM in 1991. Compared tothe large water withdrawal, this 
_sector‘s water consumption remains relatively low, owing to the fact that most older plants used a once-through system 
of cooling and that the highly consumptive cooling towers or cooling ponds were used only in the newer, larger ' 

conventional and nuclear power plants. In fact, the cons‘u_m‘pt_ion has‘ increased slowly from 102 MCM in 1972 to 132 
MCM in 1991. - 

. V - 

'

9 

9 
Prior to 1986, these two industrial groups were combined; for the 1986 and 1991 survey years, they were 

separated because ofmodifications in the SIC industrial groupings. 
' " ‘ 
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5. INDUSTRIAL WATER USE AND THE ENVIRONMENT” 
As noted in the introduction, industry ‘forms a tremendously important part of the Canadian economy. It 

provides raw materials, many producer and consumer goods, and the power needed to operate a modern, complex 
economy. It is subject to conipetitive pressures, both domestic and, increasingly, i_n_tern'a'tional. Italso provides - 

employment ‘and incomes to many Canadians. Thus, any public policy actions which have impacts on industry -must" 

It is also true that industry is the source 
. of many environmental problems, some of 
which have been described in this paper. To 
recapitulate briefly, the paper has shown that 

uses very large amounts of water each 
year. This is the outcome of a large’ and 
complex industrial base, and, to a certain extent

_ 

reflects the country’s advanced state of
4 

economic development. However, the statistics 
show that industry is quite inefficient with 
regard to its industrial wa'ter’us.e. as reflected by 
low’ and falling water use rates. Kollar and 
MacAuley (1980) showed, for example, that 
use rates were much higher in U._S. plants". 
practicing best available technologies (Table 
47). There is no reason to expect a difierent 
outcome for Canada, because general 
technological conditions do not vary 

,
_ 

substantially between the two countries._ This 
paper has also shown that, for many industries, ’ 

waste trea_tment is inadequate, resulting in 
pollution problems in many areas. The paper

i 

has not addressed the latterspecifically, but the 
industrial sector, taken together, is the source of 
many water quality problems faced by Canada. 
This is not to say that many firms do not have 

, 
good environmental records, but, on the whole, 
the pollution control practices of indusny could 
be substantially improved. For example, the 
data presented here showed that under 1% of 
the value of output from industry was devoted 
to water handling, only a portion of which went to wasteltreatrnent. Becau 

' be undertaken with great care and with lead times sufficient to allow appropriate and non-disruptive’ adjustments. 

Table 473 
'3 ' own and Theoretically . 

3 3 

- ‘Possible Use Rates for Selected 
U.S_.Manufacturing Plants 

Industry group Observed use BAT 

possible 

/ 
recirculation 

.'iMé§t15aé1sing 
" ' 

>166 
3' V 36367 

Dairy products 113 
’ 

671 

. Textile mills. 
e 

223 1820 

Rubber 838 3330 

. Pulp and paper 
.\ 
342 - 1220 

-Inorganic -308 ~ 31-20. 
chemicals 

Plastics 353 3330 

Steel 154 1190 

Petrolerim 
‘ 533 33.30 

copper 312 1190 

Automobiles 318 1530 

Source: Kollar and MacAuley. 1_9so. 
BAT = best available technology (ie.-, as of 1980) 

se the firms surveyed accounted for the 
majority of industrial water usage, it seems reasonable to conclude that this proportion of expenditure holds true for 
Canadian industry in general. 

'° This section of the presents an.interpretation of industrial water use practices in Canada. These interpretations result from the 
authors‘ research, experience, and professional opinion. They do not necessarily reflect 
issues currently taken by Environment Canada » 

'42‘. 
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The situation in.the ‘industrial sector is not unique, but rather reflects the water management '‘‘paradigm” that 
always dominated in Canada. In this last section, we offer a general interpretation of overall water. use patterns and 

suggest how industrial water usage could be improved_.—
\ 

The Canadian Water Management Paradigm
_ 

_ 

Canadian water management has been dominated throughout history by efforts to harness the coun1ry’s' 
massive water supplies to serve the economy. This approach may be referred to as supply management. This approach 

. involves manipulating the resource base through various types of structural measures, such as damming, dyking, 
irrigating, and diverting water to meet all perceived requirements atminimal costs to users. Thishas frequently 
involved massive subsidies from the general taxpayer to private users. For example, with respect to industrial water 
supplies, the supply management approach has sought to supply all users regardless of their water using practices. 
This isreflected by virtually no volurne-based charges for water withdrawal from (publicly owned) surface or ground 
water sources. With respect to water quality, supply management has aimed to overcome industrial waste disposal 
problems by allowing the discharge of untreated or rninirn_a_lly treated wastewater. This practice has succeeded in 
minimizing private sector costs, but has created serious water pollution problems, and persists despite very expensive 
efforts at regulation. Becauseipublicly owned water resources were available in seeming abundance and ‘aquatic 
ecosystems were unvalued, these discharges have occurred throughout the history of Canada and promise to‘ be very 
difficult to change. Efforts at regulation have been only marginally successful, and water pollution due to industrial 
wastewater discharge is still a major environmental problem. Both water overusage and the discharge of often 
untreated ‘wastes are proven by the data presented in this paper. It is worth a shortdigression to tryto analyze the basic 
principles involved both of these excessive use problems.

i 

6.2 The Centrality of Economic Markets 

It is a little trite, but nonetheless of central importance here, to emphasize that Canada's economy is a market- 
oriented one." More particularly, it is a "mixed"' economy within which both economic markets and the public sector ' 

share responsibility for the allocation of goods and services, including environmental goods and services. There exists 
a healthy "tension" between. which goods and services fall into the realm of market al1ocation,.and which into the 
realm of ‘public allocativemeasures. The current "balance" betweenthe public and private allocation reflects the fact 
that markets, asthey are now structured, are not effective in dealing with "public goods," such as environmental 
resources, orwith other types of distributional issues. 

Despite theacknowledged s_hortcom_ings of the market system, market forces can be very powerful, andone 
A 

of the main "tricks" for the future will lie in harnessing these forces for improving water and environmental quality. 
As the American economist Charles Schultze (1977) pointed out, this is a-case where "the public use of private 
interest" can be beneficial in achieving socio-economic ends. " 

V
- 

I 

Western societies have thrived onvthe operation of the market system-. Not only has this ‘system allocated 
resources, goods, and services in ‘a largely economically efficient (i.e. least cost) manner, it has also (and farmore 
importantly) led to enormously important technological changes. Schultze (1977)vcaptured this historical fact in 
stating: . 

. 

’ 

. A. — 

Living in modern Western countries are, by an order of _magnitude, 
superior to thoseof theearly 17th century. Had the triumph‘ of the market meant 
only a more efficient use of technology and resourcesthen available, the gains in 
living standards would have been minuscule. by comparison; What made the 
difference was the stimulation and, harnessing of new technologies and resources. 
(p. 25)
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This statement supports strongly the fmdingsof Nobel prize winner Robert Solow (14957), who demon,sn"ated 
that over 85% of technological advancement in the US. economy during a 40-year period could not be explained by 
linear, cause-and.-effect models then in use, or by the action of individual agents in the economy. Rather, he found that 
it was the result of systemic effects, hidden variables, and relationships that emerged from collective market 
interactions. Thus, technological change emerges frommarket system forces thatare "synergistic" in nature, in not 
being attributable to any one specific set of conditions. This market selfe-organization appears to be the driver of 
Solow's "disembodied technological change" concept. - « 

[The dynamics of this technological change process can be conceptualized partially as follows. The market 
provides suppliers with the incentive to expand supplies by exploiting resources of lower concentration orvaltemative 
composition to meet the demands they face. Alternatively, suppliers may move to meet the need for new products. As" 

~ conditions currently exist, this type of supply expansion frequently has adverse effects on the environment, because it, 
occurs in the context of free environmental resources. Demanders, at the «same time, haventhe incentive to search for 
materials to meet their needs at lower costs than they currently pay, or may demand newproducts. When these two 
forces‘ collide in the market-place, a significant incentive is established for technological advancement. L 

Examples are quite common. Fuel-efficient technologies in transportation and home heating resulted directly‘ 
fi'om energy price shocks. Microcomputertechnologies have literallyexploded in the face of industrial, business, and 
consumer" demand and realistic, market-determined pricing. As will be discussed in more detail below, such dramatic 
advances have not occurred in the environmental "area because these "market dynamics" have never been employed. 
Consequently, effective incentives for the efficient use of .environmental resources and_for environmentally"-related 
technological change do not exist. ‘ 

'

- 

The technological changes which have occurred in the water sector have, as already noted, occurredlin 
response to supply management, often subsidized by the public, and by “end-of-pipe” treatment, basically in response 
to regulations, the water quality component of supply management, Because of the resource overusage implications of 
supply management, such technologies as have been developed are undoubtedly inefficient in their use of capital 
assets,'both in the private and the broader social senses. In other words, society is not reaping the self-organizing 
benefits of "disembodied, technological change" in environmental resource use and protection, and is consequently 
probably ‘paying ‘too high a price forthese "goods." If resources are free, and if effective incentives for change do not 
exist, technological change will not occur —— and that's exactlywhat has happened with respect to environmental 
technology. 

' ‘
‘ 

Three points emerge from this short discussion, which have relevance for the issues being ejxaminedehere; 

- 
i The rnarket=place dynamic is one of the underpinnings of all'Westem-style capitalist ‘economies. Although 

there are certain details, such as imperfect markets (e.g., monopolies), which have to be considered, the centrality of . 

the market in economics such as Canada's is fizndamerttal, and offers certain features which could be exploited to 
support improved water and enviromentalmanagement. 

A A 

- Technological change is a response primarily to economic forces. It is not random, it is not serendipitous, it is 
not initiated, for themost part, by "backyard inventors." It is instead the net result of a very rational, and largely 
economic, set of forces. '

‘ 

° These forces have never been used seriously Canada to meet environmental ends. willbeipointed out 

shortly, they could be used in the environmental context with very significant positive impacts.
' 

_ 

/, V 

The authors wantto stress the foregoing points are not meant to imply that an unfettered free market is wholly 
desirable. As pointed out already, the market can and does cause "external" effects which do not serve society's 
interest. Indeed the "pollution problem" is one of these. But, it is irnportant not to lose sight of characteristics , 

embedded in the economy, *wh_'ich, if used creatively, can promote the achievement of environmental objectives.»



6.3 . Pro_ductionVDynarnics and the Environmental Problem 

Although section 6.2. demonstrated some of the dynamics atwork in making technology advance, a closer. 
look should be taken at production processes to draw a link with environmental conditions. Economists use the 
conceptofa "production function" to generalize the operation of firms in an economy. For current purposes, it is .

’ 

sufficient to state that a production function is a "recipe" which links outputs to their factor inputs. In other words, a, 
production function —— forany activity — simply denotes the way in which resource inputs are combined to produce a 
given output. . 

I

' 

a 

The critical point here is that the selected combination of ' inputs normally reflects relative input costs. The 
logic behind this is clear— producers want to minimize their costs and do so by selecting the least-.cost combination 
of inputs. The combination process takes place in a dynamic sense, such thatif the relative prices of the inputs change, 
the input quantities, or even the types’ of inputs, will change. A corollary to this process is that cheap or unpriced 
resources, such as water, will be used ""inf1_nitely'l' that is to the degree required, with no consideration for

V 

alternatives which might conserve or protect the resource. 

This production function approach to viewing the economic process offers a powerful means of diagnosing the 
water resource problems described in this paper. Environmental resources principallyyvater and air — serve. vital 
purposes for any type of socio-economic «activity,-both as inputs and depositories for wastes. Industry, for example, 
could not operate without these resources. A pulp mill operatingwithout water, or athermal generating station without 
access to both water and air, are inconceivable prospects. And yet, with the exception of small, economically. 
irrelevant "water rentals" in some provinces, and the cost of pumping, these environmental resources have a very low- 
or zero cost. In other words, users can gain unlimited access to environmental resources very cheaply. The results are 
wholly predictable —— resource overuse and abuse, examples of which are documented in this paper. It is this overuse 
and abuse that has created almost all environmental problems. 

To summarize, Canadian water management has developed with an almost exclusive orientation toward 
moving supplies to meet what are perceived to berequirements that are fixed and unchangeable. Although this 
predominant paradigm has been successful in satisfying these requirements asethey ar'ose',- the approach has not been- 
without both private and social costs. In the industrial context there is a visible, quantifiable overuse of water, 
accompanied by a decades-long overcapitalization of water conveyance facilities. In terms of social costs, the problem - 

is even greater. When industries draw water from municipal systems, theirnon-conserving practices inflate ‘municipal 
water usage, again overcapitalizing water systems. The more serious problem, and the one at_ the root of environmental 
concern, is the pollution problem. As bus"ines_s is now conducted, the cheapest pol_lution control alternative is untreated 
discharge to receiving waters, including groundwater, or to municipal systems. Unless prosecuted for contravening 
quality regulations, which in itself has proven difficult, industries have very little incentive for in-plant treatment. 
When action is forced, only the minimal levels of treatment are provided, ‘asshown in the relevant portigns of" sections 
2, 3, and 4 of this paper. The ‘authors believe that complementary methods of handling the industrial water use 
problem are required and are-available. It is to a brief deseription'of these that the paper now - 

~ 6.4 
I 

* Economic Rent and Its Importance for Environmental Management" 

Economic rent is an uncommon concept in the water management field, but one which is common to other 
A 

resource fields, such as mineral extraction and forestry. It is a potentially valuable one in the water resources field, for 
it can be used to provide an economic dirnension to the use offwater.‘ In formal terms, Gunton and Richards" (1987) 
described economic rent as follows: “Afier revenues from natural resources have been disbursed to payall costs of 
production —including, a return on investment, ornormal profit, equivalent to what could be earned, in the next best 
use of capital —.any.surplu‘s-remaining is economic rent”(p. xxxi). ’ 

i
' 

” We acknowledge that water resource ownership rests solelytwith the ‘rovinces under the Constitution Act of. l98l. We have
I 

from this issue,and are neutral as to which party is.entitled to w ich share of the economic rent from water resources. For 
present purposes, the use of economic rentsin placing a realistic, incentive-gerrerating price on wateris the sole concern. - 

- 
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The most outstanding example of economic rent the recent past related to the moneta’ry.“windfalls” that 
accrued to petroleum resource owners or controllers. The OPEC-induced’ rises in the price of cmde oil raised the 
marketprice substantially. Production costs remained essentially unchanged,» and, with “normal profits” already 
monetized-into the pre-rise price, a substantial excess profit, or rent, accrued to the owners of the resource. In Canada, 
the policy response federally was the so-called-National Energy Program, an attempt to share the rent amongst the 
public and private sectors. » 

" * - 

‘ 

.

- 

‘In the water resource area, industry benefits fiom having available sufficient quantities of water to serve their 
needs. benefit, theoretically, is the difierence between the cost of current water provisioning and the cost of-the 

' 

next-best alternative, for example a recycling system toelirninate the needfor muchof the waterintake. This rent is 

56.5’ Methods for Capturing Economic Rent" 

implicit and elusive because there have been few ‘attempts to measure it. Some provinces levy “water royalties” for 
licences to withdraw water, but as noted earlier in the paper, the resulting charges’ are administrative in nature, not the 
product of analysis; As a result, most of the economic rents_ accruing from‘ water resources go to the users of the 
resource, not the (public) owners.‘ This is an additional way of explaining why industrial wateris literally “cheaper 
than dirt” in Canada, with the attendant effects as outlined in section 6.1. . 

- 
- 

6' 

i 

Many methods exist for ‘ca_ljctilating and assigning economic rent.- The current debate about economic‘ 
instruments for environmentalmanagment is essentially" a debate over the capturing of this rent. We will not join this 
debate in the present paper, forthe final decisions must be analytically based. However, a number of criteria exist as - 

possible bases for rent calculation, a few of which follow: 
'» 

‘ 

- 
.

' 

- l‘ Any economic rents charged must be-viewed as charges for the use of publicly owned resources. They are not, 
and- must not be envisaged as taxes. They are not unlike service charges for other public utilities, like telephones or 
cable T.V. 

A 

'

' 

° The level-of the charge should be-sufficient to act as an incentive to change behavior. Very small, 
administrative charges will notbe effective, and will be more costly to operate than they are worth. ; 

I 

o« 
. Charges should coverat least the full cost" of public‘ adrninistration of the resource within the respective 

jurisdictions. Publicly owned resources are being used, and are becoming costly to Users should pay the full 
costs ‘of maintaining, and where n‘eces"sary,~ improving the quality of these resources. 

’ 

. . 

\ . 

°- Current resource valuation techniques_ are advancing ‘very rapidly, and will "soon have the ability to place A 

, 

' ' 

. economic values ondamages from pollution. These values could be used as the basis of rent calculations. 

-- The noted American economist, Robert Solow (1991) suggested that the key _dynamic sustainable 
A 

development lies in gathering a portion of current rents from resource use to allow future generations to develop and . 

prosper. The “bank account” idea has never been properly explored, and-may form the basis of a rent calculation that. . 

both acts as_an incentive today and provides the basis forfuture development. 

6.6» Commonly Held Myths About Economic Instruments . 

A number of myths and misconceptions currently exist in public decision-making circles about using V 

economic incentives and disincentives in the environmental field-. Theseare of concern, as they may be inhibiting the 
wider application of econornicprinciples in improving environmental quality." It is ._i_nf1portant to address these and to . . 

try to putthem finally to rest. 
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6'._6,.l Raising Taxes . 

A common response to suggestions concerning the use of economic instruments to achieve.environmental 
ends is that the adoption of such a policy would raise taxes. In an. economic situation like the one currently faced by _ 

Canada, such a policy suggestion cansbe anathema, despite‘ the fact that tax regimes are changed all the time. 
However, public policy makers and, indeed, the public themselves must recognize that 'a healthy environment is going 
to cost.a considerablearnount of money. To solve the ‘toxic chemical pollution problem, for example, is likely to cost 
many billions of dollars. On the other hand, these costs are quite small relative to the costs of other social objectives, 
such as income stabilization. Assuming that society,‘ asreflected by our political institutions, decidesthat this is a 
legitimate aim, as it appears to have done by passing the Canadian Environmental Protection Act, for example, the 
economic policy problem is to achieve this objective at least cost. » 

Environmental resources, as shown earlier, are absolutely essential inputs for all industries. In common with 
- other resources, they form part of the production fimction for all firms, In contrast to most_ productive inputs, their V 

ownershipaccrues in Canada to the Crown, usually to the provinces. (This divergence in the pattern of ownership 
fundamentally has very little to do with the economics of production.) Any input pricerise withrespect to water and 
air, regardless of origin, but in this case by -apublic body, would comprise a charge for services provided, as opposed 
to a "tax." Further, the revenue accruing should be passed» back into ’the,maintena._nce .and improvement of theiresource. 
This contrasts strongly with thexconcept of "taxation? as‘ generally accepted — that is, a set’ of measures designed to 
raise money for general government expenditure. 

A 

. 

‘
" 

The analogy between the use of environmental charges and other public servicecharges (e.g., telephone. bills,‘ 
transit fares, cable T.V. payments) is very much stronger than that between such charges and new taxes_._1r'_: other 
words, environmental charges are service charges, not taxes. ,

' 

Recognition of this basic concept is crucial, simply because the public may accept charges for ‘essential 
services inorethan it would increased levels of taxation u_nt_racea_ble to a specific end. An important part of the 

'

I 

research and plan formulation functions for effective water management should be to foster an understanding of this 

V 

basic distinction and‘to demonstrate that economic instruments such as input charges are the cheapest and most 
eflective means of achievinglthe desired ends. 

I 

6.6.2 . "Licences to Pollute'-' 

One of the most common objections to the use of economic instruments forenvironmental control is that they 
constitute licences to pollute. The implication is that public agenc_ies should not be party to the sale of such licenses.

- 

Thus, many economic‘ instruments are discarded out of hand almost automatically by public agencies,
' 

The actual fact is that any sort of action to prevent any sort of pollution is a licence to pollute. The converse of 
a regulation is-that firms are still permitted to dump some of _the ofiending material into the environment, simply 
because complete elimination through regulatorymeans, and in theeabsjence of changes_in products, processes or 
technologies, is very expensive. Thus, any attempt to control pollution thatallows some residual discharge of the 
harmful material constitutes a licence to pollute. The crucial pointabout an economic instrmnent is that it acts as a 

. strong incentive for pollution prevention and technological change,» and also raises money (perhaps to remediate past 
problems). Thus, the "licence to p_ollute'7' argument against economic instruments must be dismissed as'.both facile and 
fallacious. 

6.6.3 InternationalCompetitiveness 

The argument is frequently put that_.any attempt to take economic measures against polluting firms will 
somehow harm Canada's trading position. This argument is counter-productive forat least four reasons.
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A 

"First, input charges aimed at environmental irnprovementoperate in the direction of making more -

I 

efiicientewith respectto their resource use. Economic history shows that the more efficient a firm's, and, ultimately, a 
nation's use of its factors of production, the more productive will be. that firm and nation. A clear example, ‘although 
not frorn the environmental field per se, can be seen in viewing Japan's reaction to the energy price shocks ofthe 

. 19.705. The fact that Japanese producers,» by whatever public policy, were not shelteredfiom the effects of rising 
(energy) pricesmadeoeindustry much more efficient. They also paid‘ for the energy by increasing exports. The results 
are clear today, with the Japanese economy generating a bumper crop of international trade surpluses. It has very 

i 

significant technological changes in the international auto/truck industry, toward increased fuel efficiency. There isno 
reason at all why such '_a dynamic cannot apply equallyto the use‘ of environmental resources, given the same type of 
incentive structure. 

' 

» 
i 

- 

. 
. 

' 

.

A 

Second, the claim that industries will "leave Canada"t_o search for pollution havens is almost certainly 
overrated. ‘Industrial location is influenced by a: great many factors, chief among them access to markets, access to 
capital, and access to a trained labour force. Many studies (e.g., Bower, 1966), including this one, have demonstrated 
that environmentally related costs constitute only a small”proportion of production costs, and, as shown above, are ' 

unlil_<_e_ly"ever to be major locational decision factors. While there may be occasional (and possibly well—publicized) 
instances of firms moving for environmental cost-related reasons, the authors believe that these are strictly marginal 
cases. Canada has tremendous advantages for industrial location, which, for example, underpinned the signing of 
NAFTA. It is unlikely that the adoption of any economic iristrrrrnents under CEPA will destroy those advantages. 
Should the issue of "pollution havens" become important, there are multilateral and bilateral forums, such as GATT or 

\ 
NAFTA through which redress-can be sought. 

Third Canada is a member of the group of "developed" nations, _and the largest trading partner of one of the 
J 

most developed, the U.S. All of these nations face similar environmental problems, including toxic ‘chemicals, and all 
must eventually deal withthese problems. Again, the economicipolicy challenge is to do this as cheaply as possible, 

I and as shown earlier, economic instruments such as realistically set water" rents are far superior to regulations in this
_ 

international payoffs of a non-monetary nature from such_ a program. 

regard. . 

o _ 

_ 

Finally, there are definite international benefi,t_s‘to be’ing'a_ble to show that effective and efficient
_ 

environmental program is in place to deal with toxic chemicals. It appears to the_authors that there are some 

6.6.4 ‘Market Structures 

The principles underlying the call for the use of economic ‘instruments for environmental control derive'fi'om 
a "pure competition" model of the economy. ‘Opponents of such instruments invariably point out that no modern 
national economy bears much resemblance to a purely competitive market, and therefore that the conclusions which

’ 

» follow from the use of that model are invalid in various degrees. The authors acknowledge that Canada's mixed 
economic system is quite different from the textbook model of pure competition. The economy, in reality, contains v 

many imperfections, such as monopoly, oligopoly, and other market forms. In addition, the involvement of public . 

agencies themselves in the economy may be a source of such imperfections. 

Despite this fact, the question must be asked, "Do these conditions reallymatter?" in the context of using 
economic instruments for environmental control. In other words, do market imperfections act in such a manner as to 
make economically based actions ineffective or even harmfiil? 

The authors believe that the answer'her"e is a resounding» "No." The specific instrument put forth earlier, input, 
charges on_wate_rto recover economic rents from resource ownership, IS relatively free. fromthe influence ofmarket

'
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structure. This type of instrument addresses the input side of the production cycle. As such, the issue of market 
structure is not "particularly relevant, except possibly as determining who pays the costs in the first instance.” 
Much more important are issues such as relative production costs,’ incentives andtechnologies. Input charges most 
certainly would have favourable'impacts on these factors from the viewpoint of public policy. In fact, this type_ of 
instrurnent is needed precisely to correct the market imperfections known as externalities. It is the only way to use the 
market to correct itself. 

_ 

t 

j 

' 

C V 

. 

i 

\ 

V

- 

Thus, objections based on market structure ought to be heavily discounted or even dismissed. 

6.7 

This section has outliried economic interpretation of the patterns of Canadian industrial water use, which 
emerged from the 1991 industrial water use s“__ur‘v‘eyA. This interpretation places economic factors at the heart- of 
explaining these patterns. The authors -view input charges, based on economic rent principles, as a major way in 
which public agencies could provide very substantial- incentives for improving the management of industrial water use 
and would lead eventually to significant and environmentally beneficial technological changes. Without these types of 
economic reforms, improving industrial use of environmental resources will prove very difficult, if not impossible. 

7. CONCLUSIONS . 

- Canadian industry, composed for current purposes of the mineral extraction, manufacturing, and thermal 
power sectors, use prodigious «amounts of water as a basic and essential input to production; For the two largest users, 
‘thermal power and manut_‘acturing,- water use is very "extensive" in the sense that relatively little recirculation is used, 
The potential for increased recirculation-, to make water use more efficient, is very large. The fact that action here 
occurs at a "snail-like"' pace reflects the cheapness of water to industrial users. 

' 

I " ' 

- 

I 

Recirculation rates in rnafiufacnning continue to decline, asthey have done over the entire 1972+l991 period, 
‘ This trend appears related to two primary factors: the large abundance of water relative-to needs and the exceptionally 
low ‘costs of self-supplied water.. 

0 By far, the greatest proportion of industrial water is derived fromself-‘supplied systems. All major industrial 
operations have their own intake facilities, and only small amounts of water from municipalities, principally for .

V 

sanitary and other domestic uses. There is, however, a significant variation from this general finding for industry 
A 
groups characterized bysmaller plants, or plants requiring potable water (e._g.,‘ the foodsand beverages groups). These 
plants tend to draw more on municipal supplies than plants in the so-called heavy industries. To the extent that the 
former employ only rudimentary forms of water recirculation, they tend to exacerbate the overcapitalization of 

. municipal water systems, 

- Canadian industry still practices only elementary waste water treatment methods. Even the’ most positive 
interpretation would find that just over 40% of "discharges are treated by means of primary, mechanical methods. Even 

K. less is afforded more advanced threatrnent. The conclusion must be that between 50% and 60% of industrial 
discharges are untreated at the-present time. - 

- 
. 

j 

The industrialvplants included in the survey, for the most part, discharged their wastes, either untreated or 
‘partially treated, directly to surface waters. A relatively minor portion of waste water was discharged to municipal 
treatment systems. The amounts discharged to municipal systems showed a substantial relationship to plant size, with 

‘2 Over the long run, of course, all of society pay for achieving environiriental The question "Who pays?" is 
- therefore’ an equity question,- which, although ‘important, does not conflict with the objective of achieving adequate environmental 
quality at minimum cost. - 

_ 

'

~ 
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smaller plants tending to use public faciliities to a much greater extent than largerplants, principally because of the 
costs involved in building, operating, and maintaining on-site treatment facilities. ‘ 

o 
. Efanadian industries paid less, than 1% of theirgross value of shipments for water and wastewater 

_
A 

conveyancing. As noted at several places in the paper, this fact that water is "cheaper than dirt" is -thought to explain 
why Canadian industries are relatively primitive in their water using practices.

, 

- 
I 

Industrial water use grown consistently through the_entire 1972.—1991 period covered by Environment 
Canada's industrial water use surveys. Growth in .the’thermal power sector, the largest water-using sector, was the 

. chief contributing factor in this growth, dwarfmg all of theeother sectors. Manufacturing water use grew during the 
p 

1972-1981 period, but has fallen.subst‘antia_lly since 1991. Because this decline in manufacturing water use was 
accompanied by falling recirculation rates, increasing water use efficiency is not the explanation for decreased 

V manufacturing water use. Rather, the authors believe that structural changes in the Canadian manufacturing base ‘are 
largely responsible‘ for this trend in manufacturing water use, but this will rernain hypothetical until the required 
research to show this structural change effect. I 

A 

-. Total water use was dominated by the thermal power generation industry, which accounts for abouttwo-thirds ' 

of total gross water use. Almost exclusively, plants in thisindusty, which are located adjacent to large water bodies, 
employ once-through cooling systems and recirculate no water. One exception is a thermal power plant in Alberta. In 
terms of current economic conditions and relatively narrow private or quasi-private interest, once-through cooling is 
justified to maximize returns on investment. On the other hand, it is antithetical to sustainability principles, especially ' 

should increased water rents be irnplementedto encourage .moreefficient water use. 

- v 

' 

Tlieiexplanation for the water use inefficiencies observed in this paper resides to a large degree in the lack of _ 

economic incentives to adopt better methods. In spite of a number of unjustified "myths" that have developed
, 

concemingthe use of economic" principles for improved water use, the authors believe that economic re_form holds the 
key to increased efficiency. The principal mechanisms through which this will "occur are the adoption of existing 
improved management practices, such as recirculation technology, the fu_ture occurrence of technological changes 
to alter production processes and/or products themselves. Suchchanges are highly unlikely without basic‘ economic ' 

reforms, such as realistic pricing, rent capture, and effluentdischarge fees; - 
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F “i 

4. 

._..iv 

I_— — 

I 

~ 
. 

, 

- 
- 

- 
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« (Form Ecs-3309-2.1) 
I. 

I 

. 

‘ SECTION 1: GENERAF INFORMATION__. 
V N_ _ _ _ 

‘P M V

V 

V 1.1 AQTHORITY This survey is conducted under the authority 01 the Act, R.S.C. Chapter S-19. To reduce response burden 
and to ensure more uniform statistics, Stati_s_l_ics has entered into an agreement Department of the 
Environment under-Section 12 of the Canadian Statistics Act for sharing of data herein. This Section 12 agreement shall not 
apply it an authorized officer or person of_ your Company objects in writing to t_t_iejCl_Ilot_ Statletlclan and mail; that letter 
to the Operations and lntegrauon‘ Division‘ of Statistic’; Canada together wilht the completed questionnaire. 

The Department of the Environmentnmay In turn share data if requested by the provincial agencies (as listed below) with the 
~pr‘o‘vince in which this establishment is located it you so consent in writing. These agencies are: Newloundland Department 
of the Environment; and Lands. Prince Edward Island Depaitmerit of the Environment. Nova Scotia Departrnent ot the 

‘ 

Environment. New Brunswick Department otthe Environment, le ministers de l'Environnement du Quebec, Ontario Ministry 
oi the Environment. Man_'r_toba Department of Natural Resources, Saskatchewan Water Corporation. Alberta Department ot 
the Environment, British Columbia Ministryof Environment. or their succeesoror equivalent provincial agencies. 

I consent to the sharing of the data by the Depamneht of the Environment the provincial agencies (it requested)within 
the province inwhich this establishment is located. for statistical, research and planning purposes. 

Signature o1'_ authorized ottlclal: 
V 

' 

T. 

Z 7 >_ s U 

1.2 COMPLETION The data included in this report must relate to the calender year 1991. Please complete’ this questionnaire within so days‘ 
AND RETURN of receipt, and retum it to Statistics Canada utilizing the return envelope provided. _ 

NOTE . . (i) Shaded areas are for oilice useionly. . 

-

_ 

(ii) Water volumes are to be reported in the units in use at the plant, Some of t_h_e more common units are: 
[I thousand lmpenalgallons 

‘El cubiclteet 

El cubic 

If one of these units has been used, pleasecheck the appropriate box, 
'1 

it another unit has been used, please specify: 

Please confirm that your water is not measured in tens(-10's) or hundreds (100's) of units reported_. 
Please report all monthly or annual water volumes in the units indicatadabove. 
(iii) Please report all cost items in Canadian dollars (to the nearest $000's)._ 
(iv) Where exact values are not avaiIable,_please estimate. 

1 

D:E"|‘-AlLS oF'oi5EitA’riori.’ 

1a Indicate the average number of employees: 

1b page the tum; at days of t§;$§eration"au}{n_§ ti; reporting pains; . 

11c 
Irtdicate the average number of: hours worked in an average day: . 

1d Indicate the major products produced byuyour plant: . . 

'067—2143E (09/91) DOE/‘CAP-200-02308 Envi,r0_|'lmer1t ‘Environnement 
’ 

_ 

' 

- ion‘ 
STC/_lND-310-05143 - » 
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section 2 : uorrrntv‘ MID ANNUAL TOTAL WATER I'u1’Ax‘£ AND DISCHARGE 
in this section, under intake. please report by month the quantity of "new water” brought into your operation and under discharge 
the quantity of water routed to its ultimate point of discharge. __For’the purpose of this questionnaire “new water" is defined‘ as 
water introducedfor the first time into this establishment regardless of source or quality. 

HINSTRIJCTQONS (i) 

1 

(ii) Report units specified i_n section 1.2 (ii). 

(iii) "Under discharge do not report the volume of water released to ponds, lagoons or basins and intended for recirculation or .reuse 
until such water is actually discharged to a location beyond the. control of the plant. 

(iv) Under discharge do not include any water lost in production through evaporation. permanentlyheld i_n open or closed st_ora‘ge, or 
othenniise consumed (e.g. included in a final product). . 

(v) Annual total intake should be greater than or equal to annual total discharge.
_ 

(vi) Where you supply water to adjacent industry(ies) or municipality(ies_), please report e_stim’at_ed water intake for your plant ofnly. 

~~ 

» Volume per month Volume. per month Month Month 
Intake Disclfiarge Discharge 

January July
' 

February August 

\_March September 
April October 

May November 
June Decem ber 

ANNUAL 
TOTAL 

2a Estimated annual cost of water cost Payment to public utility: S 
acquisit_i_o_n ~ 

’
' 

(I'n-h'ou"se operating and maintenance 5 C057 costs (excluding water treatment costs); 

Cost of our plant's annual intake 5 C057 licence if applicable): 

If the annual total intake amount indicated in "box 2. 13 above is less than: 1,000,000 gallons, or 160,000 cubic feet, or 4,500 
cubic metres, then please ignore the remaining questions, sign theebaclr page, and return the questionnaire as instructed on 
page 1. Thank you. ' 

V 

' 
- 

' 
‘ 

A 
_ 

-‘ 

SECTION 3 : WATER INTAKE BY SOURCE AND KIND

~ 

INSTRUCTIONS \(i) Reportin units specified in section '1 .2- (ii), OR as a percentage of the annual total as" reported in section.2.1.3 above where 
V 

y 
percentages are used,‘please _i_n_dicate with a percent sign (%). v 

,. 

' 

(ii) 
" 
Bra_c_ki_sh'vvat_er_" is defined as vyat_e_r_ containing rr_ioreth_an 1,000 parts per m_l"_l_OI_l of dissolved solids, 

' Volume per year 
SOURC;E> » 3.0 % . 

V 

‘ 

Fresh Bra_c_kish 

’ 

3a Public-water utility system (name) ............................................... . .‘. 

3b Self’-sup. lied su_rface water ' 

system |ake‘ five“ etc.) (namie) . . . . . . . . . . . . . . . . . . . . . . . i . . . . . . . . . . . . . . . . . . .
_ 

3’: Self-supplied groundwater system ~ 

,

’ 

(we||,5prjng‘letc_)(§pecjfy) . . . . . . . . . . . . . . . . . 

3d 
7 

_ 

Selfisupplied tide water (salt water) body 
l (vestluaj-y’ bay. ocean etc) (name) . . . . . . .-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3e Othersources (specify) .......... ......... ..‘ ......... .. ...................... .. .. 

3f Total water intake (sum of 3a to 3e). 
(Quantity should equal the amount reported in box 2.13 or 100%) 
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sscriou ii : TREATMENI or irmiijc: WATER‘ 
lNsTRUCT|ON§ 

K 

“(i)”. 
' 

‘Indicate the amount of intake water treated within your plant prior to use. 
‘ fl 

' 

- (ii) Report in units specified in section 1.2 (ii). 
‘ f 

V 

_ _‘c_ATeGoRv or TREATMENT Volume per y_ea_r_ 

4a Filtration ................ ..................... ............ ........... .._ ......... ............ ..

I 

ab Chlorination &.disin.fectionA .... ................. ..‘ ...... 
.;‘ ........... ....................... .... .. 

4c Corros_ion and slime control" ....... ..... ..... .... .... .... .... ...... ..
fl 

4d Screening ...................... ..» ................................................... ...... .... 

4e Hardness and alkalinity control. ....... ................................... ......... ......... . 

.' 

....... .. 

4f :0thér.(specify)‘,..,..,..._...._.....> ........ ............. ......... .; ..... .,.-. ......... ........ .. 

W _ A 

Ag. 
Esti_rr_i_a__te‘d a_nnual_operating and maintenance cost of water treatment 5 

INSTRUCTIONS ii) 

/‘ 
- 

e 

' SECTIONS: warm iurnksiav-i5uni>os:V'_ 

section-5a. (For a definition of "recirculated water‘-‘, see section 6) 
Report the amount ofwater within your pl_an_t by i_riit_ial u_se. Thisse_ction should not include recirculated water except as stated in 

(ii) In 5d "Other uses“ should not include water pumped by the plant. and intended for initial use outside the. plant.
V 

(iii) Report in‘ units specified in section 12 (ii) OR,as a percentage of an_nual total as reported in section 2i13.._Wh_e,re percentages are 
used please indicate with a percent sign (%). ' 

Sa 

Sb 

Sc 

_ _5;°.,. _
% buaposc 

if i 

V 

H 

_ Z

I 

Process water --includes all water which comes in direct contact with (products and/or materials: It 
' 

is further defined to include water which is consumed in millin and special processes, water 
which is included in final output or water which has been use foranother purpose, and is 
undergoing its final use as process water. , 

'

. 

Cooling, condensing and steam - defined as water which does not come in direct contact with the 
products, materials or by-products of the processing operation. Includes pass-through water used 
in the operation of cooling or process equipment (including air conditioning) and water 
introduced into boilers for the production -of steam for either process operations or electric 
power. - 

. _ .,, 

Sanitary service (i_n_c|udi_ng cleanup) ‘ 
‘ V 

T 

- 

.

- 

(The average toilet uses‘4‘gallor_is, 18 |itres,0.018 cubic metres or 0.64 cubic feet per flush.) i‘ 

5d 

Se 

0theru'ses(_s_p’ecify) ............. .._ ........................ ........................... .......... .. 

‘lotal (5a to 5d should equal sum of figures reported in box 2.1‘3Hor 100%)
l 

Volume per year 

Viustiiucrionsv (i) 

sscnou s 2 WATER rizcincucnsoroii REUSED av_ PURPOSE 
V 
Forwater recirculated or reused within your plant, please indicate the additional q,ua_nt_ity of water that would have been required 
by purpose had no water been recirculated or reused. For the purpose of t_his quest_ionna,i,re, "water recirculated or reused" is 

defined as water which is discharged from the plant. or from a particular process within t_he plant, and which is subsequently 
recycled into theisame-p'r‘foces's or into a different process within the plant. ~ ~ 

.

v~ ‘ 

(ii) Report in units specified in section 1.2 (ii).
_ 

‘ 

PURPOSE Volume peryearr 

6a . Process ....... . .- ............... ............................................ ................................... ... 

6b Cooling, condensing, and steam ..... .......... .... ...... .... ...... 

6c ' Other uses (specify) ................ ................... f. ................... .f. . .... ..i ............................ IA 

6d Total (items 6a to 6c) 

6e Estimated annual operating and maintenance cost of water recirculation COST S 
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lNST§UCTI5N§ 
H 
in items 73 to 7c, specify treatment process used in each of the treatment methods. 

(ii) include only on-site treatment. -
- 

(iii) Report in units specifi_ed in section 1.2 (ii). 

L’ 
- 

' 

f 

Ws_£cri_ou7:rnsnrmzjuror‘wAriiu>nioizrooisciinnaié 
_ 

A 
_ 

'- ' 1 

b ]

~ 

‘ 

]'REA_‘l'll[lE_NT METHOD‘ . . Volume per year 

7a 
4 V Pri_m,a_ry or mechanical (specify process) (i) ..... .............. ......... 

(ii) ...... ............... .._< ............. .... ...... ..................... ......................... ..
1 

7b Secondary or biological (Specify process) (i) ., ........................... ..... . ........................ 

'(ii) .... ...... ............ ................................. ..- ........ ..- .............. 

7c 
V 

-Tertiary 6? advanced treatment (specify process) (i) . 

' (include toxig5_remova|) ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(ii)...-. . . . . . . . . . . . . . . . . . . ..'. .............. ................ .. .......................... .............. .. 

7d » Estimated annual operatirig’and maintgn:ar3_ce_cos:t of treatment prior to discharge 
' COST $ 

7e P|ease‘indicat'e if your fiiynal plant effluent i_s'r_nonitored_ (by any agency) for
‘ 

>». (check the appropriate items El) : 

‘ 

I 

-

“ 

' B.O.D. . [:| 5.5. [3 Phenols E] Toxics 
’ E pH . [‘_'] Grease 

Tempe}atu,ev 
V 

I 

I 
D Colour Other

' 

[ 

f k 
« . — 

- 

T 

' 

. SECTION a~: W[lT_§l_t_l_)lSC_I-IARGEN‘ 

lN'$TRUCT_lONS . (i) lnthis section, please r’e'po’rt’the volume ofralllvvater routed to its ultimate point of di,schar_g'e.' 1 

'

_ ' 

(ii) Report in units specified in" section 1.2 (ii),_ OR as a percentage‘ of the annual total discharge reported in section 2.13. Where 
percentages are used. please indicate witha percent sign (%). — 

'

- 

(iii) Do not report the volume of water released to ponds, lagoons or basins and intended for recirculation or reuse u'ntil suchwater is
V actually discharged to a location beyond the control of the plant. v 

'

, 

(iv) Do not include. the volume of water lost in production through evaporation, permanently held in_ open or c‘lo's'ed storage or 
' 

_ 

otherwise consumed and not b_r_ou_gh_t to the ultimate point of discharge. ‘ 

[(v) In item 8e, please identify theuse intended. 
V 4

. 

(vi) If discharge is not rn‘et_ered, please provide your best estimate. 
oi*sc'H/«Ree POINT , 

. 
. 

_ av._oV 
_ 

H’ ‘g. 

V A 1 

‘volume per year 

ea 
p 

Pub.|_iclut.i._lity sévver imunicmiity. etc.) rriarnei. .._. . . ._ .... . . . . . . . . . . . . .

7 

8b 
‘ 

1 

- Fresh water body (lake. river, etc.) (narrv-item.) ....... . .......... ... ........... . . .................... . .. .......... 1.
‘ 

8c Tide‘wat'e"r' (salt water) body'(estuary, bay, ocean, et§.)(name) .................... .'. .......... ......... 

8d Ground (§l‘>eC.lfKy)A-(includinguwell disposal) ........................... ..... .; ........................... 

8e Transferred soy‘;/)tl1‘er_uses outside your plant (specify) .... .............. . .. . ..... .; ................ .. 

. pf 
‘ 

Total (Quantity should egua|.djsc_harge values as reported in box'2.13 or 100%) 

8g Gross value of shipments for your plant in 1991. (or fiscal year 1990-91) 3 

8h Total ca ital expenditures made at thisplant on water related facilities inK199’1 
A T"

f 

, 
'_ ‘.9-.’ ““.°_ Y9?’ ‘9.99.‘9..‘.’ . 

' m 

_ C_El_lTIFlCA]’lON I certify that the information ‘herein is complete and correct to the best of my knowledge and belief and covers the calendar year I 99 1. 
Signature of authorized ‘person 

_ 

’ 
- 

, 

" 

' 

Title 
> 

' ’ Date 

‘Name of co‘/ntafctfrye.-'g'>ardi‘ng this" report 
H 

Area code TelePh°"9 "umber 
_ 

5 
_ 

E“ K 

Comments 

Thank You 
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_____..V..——..—_m—._._F.—u.—.—rwy.—ww..—.———V—..~_..¢_——.—.s___~ 

var 

..r—V._, 

V.-- 

..,.‘r 

——v.~_.....,r 

._ 

V74 

Statistics" Statistique
a Canada Canada . ‘wATl-fir’: use in IIIINERAI. EXTRACTION INDUSTRY 1991 

. 

_ 
. ; 

. 

‘ 

_ 

. 

I 

Slvousdésirezunqllesfionnalrefrancaistveuiibzcocrleretreuaumer 
In 3” ¢°’T9SP°”d9'7°.9-°°”C9m’"9 1'79 11‘!-I.9$”9’7."3/I9 919.359 ’9f9’ 10 a la Division dos operations et de ilntégratiorl. Stafisfique Canada.‘ D 
the first seven digits in the top line of the mailing address below: Ottawa. K1A 0T6. A v 

Mam,-,9 Agd,-gs‘; (please go.-"racy |f ngcgssgry) Physical Location of Establishment (Please correct It necessary) ' 

V 

"b 
_ 

T 
' 

' 

— .(r=ormEc-5-a3o9_-1.1‘) 
" t ' ' ’ 

SECTION1:GENERALlNFORIlA'I'ION 
' 0'

‘ 

This survey is conducted under the ot the Statistics Act. R.S.C. 1935, Cinapter S-19. To reduce response burden 
and to ensure more uniform statistics. Statistics Canada has into an agreement the of the 
Environment under Section 12 of the Canadian Statistics Act for sharing of data herein. This Secfion 12 agreement shall not 
apply it an authorized officer orperson of your Company objects In writing to the chief Statistician and malls that 
to the OperatI_o_r_ls.and Integration Division of statistics Canada together witht the completed questionnaire. 

-1.-1 AUTHORITY
' 

The Department of the Environment may in turn" share data it by the provincial agencies (as listed below) with the 
province in which this establishment is located Ityou so consent In writing. These agencies are: Newfoundland Department 
of the Environment and Lands, Prince islarld Department) of the Environment. Nova Scotla Department of the 
Environment. New Brunswick Department of the Environment. le ministére do l'Environnement du Quebec. Ontario Ministry 
ofthe Environment. Manitoba Department of Natural Resources. Saskatchewan Water Alberta oi 
the Environment, British Columbia Ministry 'oi_Environment. or their succewor or equivalent provincial agencies. 

~ 

I consent to the sharing _of the data by the Departrnent of the Environment w'rlh the provincial agencies, “(iI'requested)within 
the province in which this establishment is located.’fcr research and planning 

t 

slonanm of authorized omen-_l:'; 

1.2 COMPLETHION 
. 

» 

' 

1 . . 

V 
The data included in this report must relate to the calendar year.1991. Please’ complete this quesflonnalre ‘within 30 days 

AND RE_'I_'URN . 
- of receipt. and return it to Statistics Canada utilizing the retum envelope provided. 

NOTE (i) 
' Shaded areas are for oflice use only‘. , 

(ii) Water volumes are to be reported in the units in use atthe plant. Some of the more common units are: 
El thousand imperial gallons 

I 

El cubicfeet
7 

El cubic I

~ 
It one of theseunits has been used, please the appropriate box 
It another unit has been used. please speclly: 

Please confirm that your water is no_t measured in tens(10's) or hundreds (100's) of units reported. 
Please report all monthly or annual water volumes in the units indicated above. 
(iii) Please report all cost items in Canadian dollars (to the nearest $0O0's). 
(iv) Where exact values are not available. please" . 

'

_ 

DETAILS OF OPERATION " ' Numb’; 
1a indicate the average number of employeesi 

. 
t ' 

lb Indicate the number of days of operation during the period: 

to Indicate the average number of hours worked in an average day: 

1, Indicate the principal output and the type or operation on by this unit 
. 

' 

(in. underground ‘Edna... s’h1fpmir1e,_9a$_p|ant on extracfion plant etc.) - 

.

. 

, 
9' Has iricrcyboen an addition to or"; e'nange“n technology inlna mine or since the 1986 1 

’ ’2
‘ 

. 
survey °.r_in the last live (.5), x¢ajr=.?._ Eves Please. wan A U M V C‘ no 

Page I of 4 
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. SECTION 2 : MONTHLY Auo AjuuuAL rorAL-.vvAr:ii _lNTAl(E AND oisciiniieg , g __ 

irisriiucrious (i) 
I 

define as water introduced for the first time into this establishment rega_rdless ofsource or quality. 
(i_i)) 

_ 
Report in units specified in section 1.2 (ii). 

Ill 

only. 
‘ 

_ 

. I -

. 

(iv) In oil and gas operations please include produced water not reused for any‘ other purpose (orfor reinjection) as i:I_is_i:har'ge water 
only. "Produced water" is defined as water which is removed from the original oil-water mixture, 

(v) Under discharge do notinclude any water lost in production through eva oration, permanently held in open or closed storage or
R otherwise consumed (e.g. included in a final product or slurry). Include suc water only as intake. 

‘ 

until such water is actually discharged to a location beyond the control of t e mine or plant. ,

- 

(vii) Annual total discharge may be reater than annual total intake as explained above in'item_s 2(iii),and 2(iv). 
(vi) Under discharge do notreport the volume, of water released to ponds, lagoons, or basins and intended for recirculation or reuse, 

(viii) Where you supply water to ajacent industry(ies) or m’uni‘cipa|ity(ies), please report estimated water ‘intake for your operation
0 nly. 

Volume per month Volume per month 
Month Mont_h 

Intake Discharge Intake Discharge 
V 

July 

August 
January 

February 

March 

\April 

Septem ber 
— October 

May November 
June December 

In this section, under intake. please report by.r_non_t_h the quantity of ‘new water" brought; into your operation and under - 

dischar e the quantity of water routedto its ultimate point of discharge. For the purpose of this questionnaire "new water“ is 

In mining operations please include waste water pu_mped from the mine, and not used for any other purpose as discharge water 

ANNUAL 
TQTAL 

2a . or the reported annual volumes of discharge wa_ter (2.13) What volume of water 0 
originated as mine water or waste water pumped from the mine? - 

. R "/0 

2b Estimated annual cost of water cost , Payment to public utility: s 
' - 

acq'uis'ition ' ' 
' ' 

‘ Operating and maintenance costs r 
n s C057 (excluding water treatment costs); 

Cost of your mine's or plant's annual s intake licence (ifapplicable):
_ 

cosr 

If the annual total amount indicated in box 2.13 above is less than.‘ 1,000,000 gallons, or 160,000 cubic feet, or 4,500 
cubic metres, then please ignore the remaining questions, sign the back page, and returnfiie questionnaire as instructed 
on page 1. Thank you. 

_ 

« 

'
‘ 

section 3 : WATER INVTAKE BY SOURCE AND Kjmjo 
’lNS‘l'RU,CTI’0NS 

' 

. 
I 

. 

_

. 

(i) Report in units specified in section 12 (ii), OR as a percentage of.t_he annual total as re_portecl.in section 2.13 above. where 
p‘er‘ce’ntages are used, please indicate with a percentsign (96). _ 

“ ‘

. 

(iii) -" Brackish water‘ is defined as water containing more than 1,000_ parts per million of dissolved solids. 

~ 

‘ 

‘ 

’ 

_ V 

H 
Volume per year '

- 

SOURCE 
_ 

3.0 . %. ~— ' s. 
_ 

_ ’. 

‘ Fresh Brackish 

3a Public water utility system (name), ......... ..... ......... .... 

3b Self-supplied su_rf_ace water 
_ 

,

. 

system (lake, river, etc.) (name) ....... ............ .................. .... 

'3c Self-supplied groundwater system »
- 

(we||' gpring’ etc_) (gpecify) . . . . . . . . . ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . 

3d ' 

Self-supplied tidewater (saltwater) body‘ 
(estqafyl (gcean etc) (name) . . '. ._, . ._. .V. . . -.- . .-.y'; . . . . . . . . . . . . . . . . . . . . . . . . . . ._. . . 

3e. other sources (specify) . .- .... .... .3. ._ ........ . ........... 

3: Total water intake (sum of 3a to 3e). 
‘ 

(Qua,ntit_y should equal the amount reported in box 2-.13 or 100%) 
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(Ff 

INSTRUCTIONS (i) 

sEc1iori4.: riinrmcur or INTAKEWATER 
IN STRUCI IONS

~ 
4a 

4b 

4c 

46 

4e

M 

(i) 
‘, Indicate the amountof intalievvater treated within your operation priorto use. 

(ii) Report in units specified insection 1.2 (ii). 
’ CATEGORY OFTREATMENT Volume per year 

Filtration
‘ 

Ch.'°-'l"°‘l°" 3' dl5".'.f°“i°" ...... ................................. ..- ...... -. -.3. .~. . . .~ .................. .. 

C°''°5—l°" 3”‘ 5”-‘"9 C°""°' ........ .; ....................................... ..' ...... ..... .. 
E. 

............. .. 

5C"ee"l"9 ........................................................................... ...... ................. .. 

Ha'd"955a"d‘3'l<3'l'?"Y <°""°' ....... ........................... ............................... .; ..... .. 

C>}her(sbecify)- .... ........................................ .................................. .. 

F9 (Estimated annual operatingrand maintenance cost of 
’ 

COST $ 

SECTION 5 : WATER INTAKE BY PURPOSE . 

Report the amountlof waterwaitltin your establishment by initial use. This section should not include recirculated water except as 
stated in section 5a. (For a definition of "recirculated water“, seesection 6) 

'

. 

(ii) in 5d ‘Other uses‘ should not include water pumped by mine or plant facility, and intended for initial use outside the operation. 
(iii) Report in units specified in section 1.2 (i_i)_ OR as a percentage 0 annual total as reported in section 2-.13. Where percentages are 

used please indicate with a percent sign (%).
’ 

Volume per year 

F. 
irisrauctious 

' 

(i) 

‘ 

PURPOSE‘ s;o % 
5a Process water -1 includesrall water which comes in direct contactwith products and/or materials. it 

is further defined to. include water whi'ch'is consumed in millin and special processes, water 
which is included in final output or water which has been use for another ‘purpose, and is 

undergoinfls final useas processwater. 
if as 

‘ 

7 7 

5b Cooling, condensing and steam '- defined as water which does not come in direct contact with the. 
products, materials or by-products of the processing operation. Includes pass-through water used 
in the operation of coolin or process equipment (including air conditioning) and water 
introduced into boilers for t e production of steam for either process operations or electric 
power. - 

‘ 

.
- 

Sc 
, 

Sanitary service (including cleanup) , 

(The average toilet uses 4 gallons, 18 litres, 0.018 cubic metresor 0.64 cubic feet perflush) 

5d Othewsefisveclfvl ....... ...................... ..; ................... ..'. ............. 

Se Total (Sa to 5d should equal sum _of"figures_ reportedin box 2.13 or 100%) ” 

5f 
' 

What volume of intake water was used as injected water or- 
steam in the secondary recovery of oil or natural gas? 

.59 - Of the ann'ual.volume of intake water for process 
reported in 5a, what volume of water was consumed or lost? 

.5h' Of thevolume of intake water for cooling, condensing, _ 

o'r'steam production reported in 5b, what volume of water was consumed or lost? 
\ 

; SECTION 5 : WATER RECIRCULATED on acusso av PURPOSE 
For water recirculated or reused within your plant, -,lea_se indicate the additional quantity of water that would have been required 
by urposehacl no water been recircu ated or reused. For the purpose of this questionnaire "water recirculated or reused" is 
de ined as water which is discharged from the plant or from a particular process within the plant, and which is subsequently 
recycled into the same process or into a different process within the plant. 

(ii) 
‘ Report in units specified in section 1.2 (ii). 

PURPOSE Volume per- year 

Process 

c°°"."9'°°"d¢"5l“9:3"d ‘team ....................................... . .~.-.» ............................ .. '1 

Other uses (specify) 
’ Total (items 6a to Sc) 

Does this operation have a tailings pond? .1 E] Yes‘ ZHE] No 6e 

If yes, indicate the volume of water recirculated or reused from the tailing": ponc_l_ . _____________ 

‘

_ 

6f Does this operation inject wat_e_r into an oil bearing formation? 
' 

~ 
_ 

1 D Yes 2- E] No 
H yes’ indicate thevmume of water injected 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .§ ..... .§ . . . . . . . . . . .“. ....... .. 

i

‘ 

69 Estimated annual operating and maintenance cost of water rvecirculation 
W 

-5
' 

liege of4



I 
. 

- 

' 
r 

' sic‘-riorn : tnnmsut or WATER man TO DISCHARGE 
INSTRUCTIONS (i) In items 7a to 7c,'specify treatment process used in each of the treatment methods. 

- 

‘ 

(ii) , 
‘Include only on-site treatment-.* 

' ’

5 

(iii) Report in units specified in section 1.2 (ii). 
TREATMENT METHOD Volume per year 

7'a Primary orrnechanical(specifylprocess) (i) .... ..... 

(ii) ..... ........ .. ............ ..,.; ..... .; ........... .... ............ ......

_ 

75 Second.ar.yVorvbio|09i.ca.l (sp.ec.ify process) 0) .- ................ ..... ....... ................ . 

(ii) .......... .............. ..j ............. ...... ......... ................................................ .. 

-7c Tertiary or advanced treatment (specify process) (i) . . 

(inclgde toxic; rqmoval) .................. . .'. ..... ............................................................. . . 

(ii): ..... .. .......... ..... ..... ............... ........ .§ ......... ................ .. 

7d Estimated annual operating and maintenance. cost of treatment prior to discharge COST 5 

7e .I"lea_se‘i‘ndicate if y_ ur final plant effluent is monitored (by any agency) for 
U 7" 

(check the appropriate items 8]): ~ 

g . 

E] B.O_.D. E] SL5- |:_| Phenols Toxics. pH D Grease 
D peyatlufe 

‘ D COIOUF U 
- - SECTIONAB : vvjntsn oijscunmsc _ 

_ J 
INSTRUCTIONS (i) In this section please report the volume of all vvater routed to its ultimate point of discharge. , 

V 
(ii) Report in units specified, in sectioh 1.2 (ii),' OR as a percentage of the annual total discharge reported in section 2.13. Where 

L percentages are used, please indicate with a percent sign (%). 
'

‘ 

(iii) Do not report the volume’ of water released to ponds. lagoons or basins and intended for recirculation or reuse until such water is 
actually diséharged to a location beyond the control of the mine:or plant. . 

,

‘ 

(iv) Do not include the volume of water lost in production through evaporation. permanently held in open or closed storage or 
otherwise consumed and not brought to the ultimate point of discharge. 

(v) in item 8e,‘ please identify the use intended. 
’ 

-

_ 

‘ 

(vi) If discharge is not metered, please provide your best estimate, 
DISCHARGE POINT 

‘ 

8.0 
|
% 

~~
~ 

. 
1: Volume per year 

83) Publicutilitysewe'r‘(lmunitipality,etc.)(name) .................... ...... ...... ........ .......... .. 

8gb ~ Freshvi/aterbody(lake,river,etc-.)(name) ...... .... ..... 

8; -Tide water (salt w_ater) body (estuary. b_ay, ocean, etc_.)(n_arne) ...... .J ................. . . . . ..' ...... .. 

Ground (specify) (including well disposal) 
" 8e 

_ 

Discharged from'ta_i|irigs pond ori_nject_ed to p_roducingformation (specify) ......................... .. 

8t Transferred to other usesoutside your operat_i_on (specify) ._ 
....... . ._. ....... . . . . . .... . . ._. . . . . .. - 

89 Total water discharge (Quantity should equal d_i_sc'l-iarge value_s_as reported in box 2.13 or 100%) ~ 
_ 

_(7ir_o's_s)_/a_|_uegf s_'|'i_ipme;n‘t's for ‘your plant in 1991 (or fiscal year 1990-91) VlM.UE~ 

8i V Total ca ital ex’ enclitures made at this plant on water related fa‘ciliti’e's in 1991 » r 

(or fi‘sca_ry_ear 1 90-91) ' 

y 

- 

EXPENDITURES s 

. 

CERTIFICATION 
_ 

I certify that the information herein is complete and correct to the of lrhovvledge and belief and covers the calendar year I99.1\. 

S_ignatu_reof authorized person 
\ 

' Title 
Z 

' 

_ 

Date 

Name of contact regarding this report" _ 

f N A M I A 

Area code Telephone’ number 5“ 

Comments 
‘ ‘ 

. 

"“ 
.. 

‘ 

4 

‘ 

H 
’ 

'9 
If 

‘ 
- 

' 

Thank You 
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é,.¢___.V—._._.._.__ 

.7 

_,..,.._.. 

y._.T_,.;.._.¢.._,_..,._V.,,,. 

j. 

.,vV._ 

MI 
In all correspondence concerning the questionnaire please referto 
the first seven digits in the top line of the mailing address below: 

Mailing Address (Please correct ltnecessary) 

I‘ 

‘L_. 

WATER use av THERMAL powan puma 1991 
Si vous déslrezen quesllonnalre.lrancais. veuiilez cocher'et'retourner 
alaDivlslondesop6_retlonsetdel'lntégration.StaiistlqueCanada.' U Ottawa. K1A dT6. 

Physical Location of Establishment (Please correct It necessary) 

a «=vv~=<>m-~1»-’ 
SECTION 1:.e:n:rm’:ia'.=¢iauA+.ou 7

’ 

1.1 AUTHORITY 

1.2 COMPLETION ' 

AND RETURN 
NOTE 

This survey is under the of thestatistlcs Act. n.s.c. 1985, s_-19. To reduce 
and to ensure more unifonn statistics. Statistics Canada has entered into an agreement the "Department at the 
Environment under Section 12.01 the Canadian Statistics Act for sharing of dam harem. This Section 12 agreement shall not 
apply it an authorized ofticer orperson of your Company objects In writing to the chlet‘ Statistician and malls that letter 
to the Operations and integration Division Statistics Canada together wiiht the completed questionnaire. 
The Departmentot the Environment may in turn share data iirequested by the provincial agencies (as listed below) with the 
province in which this establishment is located it you so consent In writing. agencies are: Newfoundland Department 
of the Environment and Lands. Prince Edward Island _ 

ot the Nova Scotla Department ofthe . 

Ehvironhtent. New Brunswick Departrnent ofthe Environment. le minlslere de l’Environnement du Quebec. Ontario Ministry - 

of the Environment. Manitoba Depar_tment of Natural Resources. Saskatchewan Water-Corporation. Alberta of 
the Environment. British "Columbia Ministry of Environment. ortheir successor or equivalent agencies. 

.I consent to the ehenneher the eerepy the oepanment or me .En\r|ronm.ent.wflh the agencies (It requestealwmn 
the province in which is establishment is located, for statistical. research planning purposes. 

Slsnature of auth.o.r|.zed 
The data included in this report musireiate to the calendar year 1991. complete this questionnaire within 30 days 
at receipt. and retum it to Statistics Canada utilizing the return envelope provided. ' 

(il Shaded areas are ffoI.r offioe use only. 
(ii) Water volumes areto be reported in the units in use at the plant. some of the more common units are: 

V 

El thousand Impenai gallons 

E] cubic feet
‘ 

[3 cubic 

if one of these units has been please check the appropriate box. 
If another unit has been used. please specify: . . . . ._ 

Please confinn that yourwater is not measured in tens(10's) or hundreds (100's) of units reported. 
Please report all monthly or" annua|.walar volumes In the units Indicated above. .

’ 

(iii) 
_ 

Please reportall costitems in Canadian dollars (to the nearest $000's). 
(iv) Where exact values not available. please 

. . 
°ET“'.L."5_°.'_"f’.'°§3.‘.‘-".'°'! 

_ . ._ .. . 

Number 
'4 

. 
'r'<!*°9*° tisavereoa ."j€".=°5r °?.9nP'év.°:-éfireéuiréé we plan in 1991: employees 

.15. .!noi¢§t§ tho. !!t!rnl?9rio_f.51¢y-{of dunno 1.991: 
_ 

" 

-days 

.19 __ mm num_be.rofho.urs worked In.anaverageday:. hours 

In Indicate the arnountofpowerproduoed atthlsplantin19912 a) netgeneration Mm.
‘ 

1e lndicatetheaverageheatrateottheplant _ W H _ m,M, 
. 1r mam; the apaenya was int;-'k:;>uin’p§ (speciry units): 

A

I 

19’ indicate the generation capacity of this plant in 1991: 
" V 

V 

’ Mw _ 

"' ie‘§ci§".iL$°".“”.l. -'f“’_'f°‘l°"°'“‘°‘°"‘°""“"l‘"“‘° """°""“*“‘ 
it 

:1 yes 
’ 

tr e... 

o'er-21425 (09/91) -3%/cAP-200-02368 En_vironment Envlronnement ‘ 

I 
A 

. lol 
A 

/IND-310-05143 
_ Canada Canada Page 1 of 4



l 

sccnon 1 : Mourntv ruin riririugii rota; wiirsii lNTAl(E mo DISCHARGE 
INSTRUCWONS (i) in this section.'und_e_r'ihn_t,ak_e‘, please report by month the quantity of ‘new water“ brought into‘you'r‘operation for power 'p|ant_Ius'e 

. and under discharge the quantit of waterrouted to its ultimate point of discharge. or the purpose of this q‘uestionnair‘e "new 
water’ is defined as water intr ucedfor the first time into, this establishment regardless of source or quality. "New water" also

_ 

includes water diverted from a natural source into storage ponds or outside holding facilities for later use. 

(ii) Report inlunits specified in ‘section 1.2 (ii).‘ 

(iii) . Under discharge do not report the volume of water released to ponds, lagoons or basins and intended for recirculation or reuse, 
until such water is actually discharged to a location beyond the control of the plant. . 

«

. 

' 

(iv) Under discharge do not include any water lost infproduction through evaporation, perrnanently held in open or closed storage, or 
otherwise consumed. 

;

. 

(v) A_nn_ual intake should be greater than or equal to annual total discharge. »

l 

(v_i) Where you supply water to adjacent industry(ies) or municipaIity(ies), please report estimated water intake fo'r.yo_ur plant only. 

Vol_ume per month ' Volume per month 
_ 

Month 
_ _ y 

_

' 

intake Di‘sch_arge 
‘ Intake Discharge ‘ 

Month
‘ 

January . 

' 

July 

February 
‘ 

- 

V 

August‘ 

- ‘\M3fCh _. 
_ 

- September 

April 
_ 7 

, 
October 

May ' ‘ 

_ 

November 

June 
, 

.» . 

' 

l 

, 

~ 
' 

- 
' 

‘ December 

ANNUAL 
« TOTAL 

‘25 Estimated annual‘ cost of water acquisition ch51’ Payrnentto public ut_ility: 
‘ f 

Qperating and maintenance costs v

V 

(057 (excl_udir_ig water treatment costs)»: s 
' 

Costof ourplant'sa_nnuaI intake 
“

' 

C057 
(_ licence iifapplicable): g 

’ S 

_ 
$_EC_1'l0N 3 : WATER mun: av souace mo KIND 

~ ~
~ 

INSTRUCTIONS 
_ _ 

. 

_ V . 
. 

_

- 

— (i) Report in units specified in section 1.2- (in), OR as a percentage of the annual total as reported in section 2.13 above. Where 
percentages are used. please indicate with a percentsign (%). V 

(ii) “Brackish water“ is defined as water contai_ni_ng more than 1,000 parts per million of dissolved solids. 
f 

7 M 

A 

‘_ 
' 

_ y 

Volum_e per year 
SOURCE ‘, 3.0 

' % _ 

Fresh Brackish 

3a Public water/utility system (name) .... ........ .. ....... . 
.4 
........... ._ ...... .. 

3b 
' 

Self-sup 
I 

lied surfaceiwater _ 
y _ _

g 

sygtem |a‘kel fiver, etc.-) (name) ........ . .'. . . . . . . . . . . . . . . . . . .' . . . . . . . , . _._. ._.l . . . . . . . . -.». .2 

3c Self-supplied groundwater system 

(estuary; bay, ocean etc.) (name) ................... ....... .w ..................... ..
_ 

43e . Othersources(specify_)_ ....... ................. ........ 

3f Total water intake (surnof 3a to 3e).- - 

‘ (Quantity should equal the amount reported in box 2.1_ 3 or 100%) 

(well, spring. etc.) (specify) ... ....... .. ..................................... ..
V 

3d Self—'su'p'plied ti_de water (salt water) body 
l 

‘ ‘ .‘ 
V 

. 

-

D 
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' 

I 
4g 

I 

Estimated annual operating and maintenavnce cost ot water treatment 

r ~ 

1r'<v—~r-— 

-—-~— 

-~—v~«~——

x 

‘ 

, V V _ g _ H A 

section 4": riisnrusur or INTAKE wkrsii 
_ 

' 
'

I 

INSTRUCTIONS (i) Indicate the amount of intake water treated within your plant prior to use. 
' 

(ii) 
, 

Report in units specified in section 1.2 (ii). — 

cnzooav or TREATMENT '

g 

Volume per year 

4a Filtration 

ab cmorinationaaisiniecrion ..................................... .; ......... .... . ......... 

4c Corrosion and slime control 

4d Screening 

4e Hardness and alkalinify Control ..' ................................. ............................... ......... .- 

4f Other (specify) 

cosr s J 
_ _ _ _ 

' 

g 
.scc_'nou 5} {limit lusneci 

H H ‘ 

_
. 

INSTRUCTIONS (i) Report t_he.amount of water used within the therrnalplant initial usef This seetion should notinclude recirculated water. 

(ii) Report in units specified in section 13.2’ (ii) OR as a percentage of annual total as reported in section 2.13. Where percentages are 
used please indicate with a percent sign (%). 

V2'[‘:]NoA 

° C (eX.25°C) 

2|:|No 
ZDNO 
-2DN.o 
2DNo 
?[:INo 

I 

5a Is there a water-cooledcondenser in your plant? 1 D Yes 
If yes, what is the design temperature rise or the cooling water in your condenser cooling cycle? 

A g 

1 Yes 

‘ D Yes 
1 II] ves 

1 Yes 
V 

'- 1 D Yes’ I 

5b What kind of cooling system is employed i_n you_r‘pl_an_'t? (i) once,-through 

(ii) cooling pond 

(a) on stream 

(b) off stream 

(iii) 
_ 
otherimethods (e.g. tower)

‘ 

(explain) ,_ 

5c Did this plant produce steam for purposes other than power gen'erat‘ion (i .e."process, for sale)? 1 Yes 2 No 

’ 
‘ 

V 

' 

l 

5'0‘ % Volume per ‘year 

Sd What was the amount of boiler make-up water required for power g‘eneration'pu‘rpose »\ 
’ (excluding production for steam sales or transfer)? ' 

.

‘ 

- 

7 
H’ 

- 

V > K 

y 

H l 

(i) 

A _ 

condenser cooling for power 
‘Se: , _ 

or the total water intake reported in box 2,13 what _ 
generation purpose only?‘ 

‘ was the amount required for»: . 

(ii) 

' 

sanitary, fire protection or
A 

other (ie. service water)? 

(i) in cooling c‘yc‘le? 

Sf What were the estimated water losses (including , . . . - .. _ , K .. 

evap-mat-i°" -a"-d 5999399: 
(ii) in ash control system (include 

evaporation losses from ponds)? 

I 
~ 

. SECTION 6 : WATER RECIRCULATED OI; REUSED 
In this section "water recirculated or reused" is defined as water which is discharged from the plant or from a_‘ particular process INSTRUCTIONS (i) 

_ 
within the plant,_ and which is subsequently recycled into the same process or into a different process within the plant. 

(ii) Report in units specified in section 1.2 (ii). 

/ 

Volume per year
- 

6a 
A 

If this plant recirculated water in the cooling and . 

i h . 

condensin s stem (open or closed) estimate the (') 
_ 

'9‘ 
amount o a_ ditional intake water that would have 
been required WITHOUT such recirculation havjn .. .. . 

taken place (i .e. the amount of water recirculate . 
('0 

. 
b'.°""5h 

I . 
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I H _ _ _ 

‘ 
- 

_ _ 

' SECTION 1: WATER DISCHARGE - 

W ..

I 

INSTRUCTIONS 
, 

(i) In tl:‘is_fsectin|:in fillease reportvthe volume of all water routed to its ultimate point of discharge from the ‘plant (and Ior the cooling ' ponfll appic_‘a_ e. , . 7, V .V 
(ii) 

, 
Report in units pecified in section 1.2 (ii) OR as a percentage of the annual total d_ischarge reported in section 2.13. Where 

I percent_ages‘a_re used, please indicate with a percentsign (96). 
’ 

. 
t 

'

_ 
(iii) Do [not-reporfthe volume of water released to ponds, agoons or basins and intended for recirculation or reuse until such-water is 

- 'actua_l_ly discharged. - 
r 

, , . . 

(iv) Do not include the volume of water lost-in production through evaporation, permanently held'in open or closed storage, or‘ 
otherwise consumed and not brought to the ultimate point of discharge. ' 

, 

A 
»

t 

(v) In item 7f please identify the use intended. 
_ 

‘

, 

(vi) . 
» If discharge is not metered, plea'se:pr‘ovide your best estimate. 

DISCHARGEPOINT 
‘ ’ " " 

3.0 
" '%4 Volumeperyear 

7a ' weuwamewerimunaapa-a:y.e:c.><naine> ..................... ............................ .. 

75 "Freshwater bodyllake. river. re.se.~oi.r;eetc:->(na.mel, .... ... ..... ......... ...................... 
7:" Tidewater (saltwater) body (estuary. bay. ocean. etc.-) (name) .............. .. ......................... .. 

7d Ground (specify) (including well disposal)
~ 7e Final discharge from plant to artificial surface body (specify) _________ __

~ 
7* ’ Trarisferredtootherusesoutsiderourvlant<spe<ifr>Z... ................................... ..... .. 

7g 
9-" 

Total water discharge (sum of'7a to 7f) 
7h Was the discharge water reportedin 79 treated so as not to exceed a certain given temperature? 

~ \ If yes. please specify the methods of heat dissipation employed .

I 1DYe§ IZBYNO 

7i 
I 

' 

ir_idi_cate thehighest and lowest temperatures of water permanently‘ 
discharged from the plant during 1991 alo’ng.with-the c‘or'resp'onding - 

months of occurence (ex. 45°C). 1 

7j Total capital expenditures madeat this plant on water related facilities in 
1991 (or fisca_l year 1990-91). '

' 

EXPE'NDI'TU_RES ‘ 

_ 

sections): Moutntv iiuo ituuum. POWER §ENERATION__ 
_ A , V _ A_ _ 

INSTRUCTIONS (i) 
‘V 

In this section ‘lease’ brea'l'<’d-own. as accurately aspossible, for the calendar year 1991 the electrical net power generation as — 

I 
' 

specified in '1d Ii’). Please report below in net Mwh (megawatt hours) per month. A
. 

Month 
‘ 

- 

' «Mwh per month A. 
f 

~ Month Mwh per month 

January ’ 
‘ 

' ' V 
‘ 

. July 

February 
_ 

‘ 

- 

’ 

. August 

March 
_ 

' 

j ' — September 

A 

April . 

~ ‘ October 

May 
_ 

_ 
g 

_ 
. November 

June . 

V 

. 

_ 

December 

CERTIFICATION {certify that the information herein is complete and 
A 

ANNUAL correct to the best of my knowledge and belief and «T‘o1-AL 
covers the calendar year 1991.. . . 

"
7 

' 

Sign.ature of a.ut.ho.ri_zed person 
' A 

“'5 ‘ 

_ 

1 
D3“? 

Name. of contact regarding this report ' 
‘V 

V 
I Area code 

, 
.Telephone number ‘ ext. 

Comments 
N ' 9 _ — N l M 

H 

_ 

Thank You 
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I‘. 7 statistics .StatiVsti'qUe 
Canada Canada . 

In all correspondence concerning the questionnaire please refer to 
the first seven digits in the top line of the mailing address below: 

Mailing Address (Please correct it rrejcessary) 

I’ 

L. 

HYDRO GENERATION WATER USE 1991 

(lee opérationsetdel'lrrtegra‘tion. 
Ottawa.K1AOT6. 

'

A 

~~ 

Physical Location of E_s_tabIlshrnent (Please correct It necessary) 

E05-3309-4.1) ‘-I 

SECTION 1: GENERAL INFonrrAr‘|oN 

1'.1‘ AUTHORITY 

1-2 CQMPLETION AND RETURN 
NOTE 

1.3 LOCATION 

This §!Jr.vey is conducted undergthe authority oi Act. R.S.C,- 1985. Chapter S—19. To reduce response burden 
and to ensure more uniform statistics.‘ Canada ‘has entered into an agreement the oi the 
Environment under Section 12 ofthe Statistics Act for sharing of data herein. This Section 12 agreement shall not 
apply if an authorized otficer or person ofyour Company objects in writing to the Chief Statistician and malls-tllatletter b 

to the Operations and integration Dlvlalonot Statistics Canada together witht the completed questionnaire. 

l The Department of the, Environmentmay in turn share data if requested bythe provincial agencies (as listed below) with the 
province in which this eslablishrnent is located If you so consent in writing“. Them agencies are: Newfoundland Department 
of the Environment and Lands. Prince Edward Island Department of the Ergvironrnent, Novascotia oi the 
Environment: New Bmnswick Department oi the Environment. le ministers de IfEnvlronnement du Quebec, Ontario Ministry 
otthe Environment, Manitoba De‘pairlrnerIt of Natural Resources, Saskatchewan Water Corporation. Alberta Department of 
the’ Environment, British Columbia Ministry of Envlronrnent, or their su'cc'e$or or equivalent provincial agencies.

‘ 

I consent to the sharing of the data by the Department of the Environment with the provincial agencies (it requesled)wlthln 
the province in which this establishment is located, for statistical. research and planning purpom. 

_

- 

‘Signature of ctticial: ' 

The data included in this report must relateto the calendar year 1991. Please complete this questionnaire within 30 days 
of receipt. and retum it to Statistics Canada utilizing the return envelope provided. 

I 

(i) Shaded areasare for otfifoe use only. 

(i) in the space below, please indicate:
I 

ta. Plant Nanje: 

1b. River:
' 

sééfrou 2:.rioNrHLv flows 

INs1'nucrroNs 
A 

(i) 

V 

For the calendar year 1991, please provide the monthly average llaw through turbines in cubic (m3/s). 

Month’ Floviln m’ls Morrth 
’ 

FlowInrn'le 
- " July 

A ' 

February 
T HAugTuT'+l=t.;_ 

March 
I

V 
N April ,1 _ 

May November
’ 

June December 

067-21_51E "(as/91') DOEICAP-200-02308 
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' 
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A



ll 

43 

4b What was the maximum ('1 h'o’u‘r) outpgutoflthis plant in calen'dar:yeavr~1991? 

4c‘ 
‘ 

What flow (in m3‘/s)lwalsAassociated with the maximum output givenin question 4b above.? 

' 4d In 1991. the capacity of this plant was used for: (check eit_he_r or both items as appropriate). 

(1) Pe_a_l_<‘in.g D A 

(_2) BaseloadD 
1 4e I_n 19\9>1, what was the capacity factor of the plant? 

' 

g 

Y) 

4f 

SECTION 3 : MONTHLY snu 
INSTRUCT IONS (i) For the Calendaryyear 1991, please provide-the monthly average spill in cubic r'ne't'res/second (m3/s) at this plant. 

' 
l
\ 

Spill in m3/s Month Spill in m3/s 

’ July 

,
// 

August 

September 
- October 

November 
December 

sections : wnzn us: DETAILS 

INSTRUGIONS 
I 

(i) 
' Please answer the following questions in the units specified. 

In relation to long run averages at this plant, was calendar year 1991 (please check. [g )_:

l 

(1) a high water year?D ;‘ (2) a_n average level year?D (3) a low water year? E] 

In 1991 , the total usable storage (including pondage) available to this plant in thousands of cubic‘ 
metres (000m3) was: » 

000 m3 
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F _ 

T ' H 

_ _ _ 

' ' ‘ 

stcnon 5 : Moumlv AND ANNUAL powsn GE_N_EflAT|ON _z 

l A M l I l ' 

' 

I

' 

. INSTRUCTIONS (i) In this section please break down, as accurately as possible. for the ca_le_ndar year 1991 . the total gross electrical power generation. 
' Please report below in Mwh (megawatt hours) per month. _ 

'
’ 

,__ 

I g

/ 

5 
Month Mwh per month Month Mwh per month 

t 
January July 

F 
V 

February August 

March September 

April October 
‘ 

May November ’ 

L 

June December
H 

' "ANNUAL 
TOTAL

\ 
C_E_RTl_FICATl0N I certify that the information herein is complete and correctto the best of my knowledge and belief 

and covers the calendar year 1991. . 

_

. 

Sign_atu_re of authorizedlperson 
A ' 

‘ 

T Title - 

V 

Date 

. 

> 

, '. . , , , 
/ ' 

Name of contact rega,r,d_in,g this report 
I ’ 

Area code Telephone number 
g 

ext, 

Com ments
— 

Thank You

\ 

' 
g ’ 
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