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CHAPTER ONE 

GEOGRAPHICAL BASIS OF‘ THE PROBLEM 

During 1972, th International Joint Commission, an international 
body with powers to investigate problems of mutual concern to Canada and 

the United ‘States of, America, asked Environment Canada, in co~operation 

-with the Province of Ontario, to investigate whether the Upper Great Lakes 

were likely to become polluted and to suggest measures to alleviate such’
/ 

pollution if it were expected to occur. 

The sflmulation model described here represents only a small 
fraction of the effort devoted to responding to those questions, ‘yet it 

forms an integral step in the process. 

The_ focus ‘of this study is directed toward river basins as a 

result of men's ubiquitous use of natural river networks as the mechanisms 
to« dilute and carry away domestic and industrial liquid wastes. The 
ability to focus on a smaller geographic uit than the lake basin offers 
many advantages. 

Then large Lake Huron and Lake Superior lake basins (see Maps 1 

and 2) possess diverse physiography, in that the Lake Superior Basin exists 
mainly on the Canadian Shield,, whereas the Lake Huron Basin is located 
primarily in the sedimentary lowlands. The economdc development of the two 
lake basins differs in mix and concentration by locality. Table 1 shows 
Value of Output for Selected Industry Groups in both the Lake Superior and 
Lake Huron basins. ,These figures show that, except for forestry production 
in which the Lake Superior Basin surpasses the Lake Huron Basin by
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vvirtually 50 percent, the Lake Huron Basin value of output exceeds that of. 
‘the Lake Superior Basin by at least 300_ percent. -These figures provide 
sone insight into the magitudes involved, but just how representative are ’ 

they with respect to their basins? Tables 2. and 3 provide a partial 
answer. 

Tables 2 and 3 represent the Value of Output for Selected.River 

Basin Groups in the Lake Superior and Lake Huron Basins, both in absolute 

terns and as a percentage of the total basin. Agriculture, nanufacturinge 

and ccnstruction donunate Basins 1 and 4 (Thunder Bay and Sault Ste. 

Marie, respectively), whereas uuning and forestry dominate Basins 2 and 3 

_(Nipigon4Long_Lac, and Marathon-Michipicoten), as shown by Table 2. 

Table 3 shows just how deceptive aggregate lake basin figures can 
be. The value of output in mining for the Lake Huron Basin, from Table 1 I 

is 456.119 udllion dollars. lTable 3 shows that the-output is distributed 
'88.? percent in the Sudbury Basin, 8.1 percent in the Muskoka-Parry Sound 
Basin and 3.1 percent in the Saugeen—Maitland River Basin. 

These very large disparities in the distribution of output make 
it inperative that sone finer areal breakdown be used. The following 
section points out the derivation of the final areal basis for tackling the 
problem. 

The basins referred to in Table 2 are river basin groups (that 
.is, river basins which are aggregations of a nmber of smaller river basins 
which discharge at least 1,000 cubic feet/second mean annual flow). The 
aggregation took place based upon four criteria: a) urbanization;_ b) 
'economic development; c) recreation; and d) proximity to each other. Data

V
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regarding the first" three criteria were obtained from the Ontario 
’ Government Design for Development series [1, 2, 3, 4]. 

The analysis. of this data proceeded along these lines. General — 

infomation regarding a), b), and c) were located in the primary 'set 

of nineteen 1,000 basins listed in Table 4. Anuanalysis then took 

place using a strategy similar to that used by ‘hierarchical grouping 

analysis routines ($1.. The difference in this case is that the procedure 

is manual rather than computerized. The fact that members" had to be 

V 

physically proximate to the other merrbers prevented a computerized analysis 
I 

from being carried out. 

The attributes of the grouping procedure assure that an 

individual river basin is added into a group in which the 
I 

between group 

variation is maximized and the. within group variation is minimized. The 

method also attempts to ‘form the smallest number of groups possible while 

maintaining between-group variation as much as possible. Maps 1‘ and 2 show 

the location and extent of the basin groups, while Table 5 shows the river 

basin groups and the original river basins which are contained in each. 

The final point to be made,‘ with respect to selection of a 

geographical basis for the subsequent analysis, is to "recognize that in 

practically no sense are the regions self-contained with respect to social 

and economic activites. If these basins are to be treated as waste 

production and delivery systems, it must be recognized explicitly that they 

are open systems with flows of materials, labour, capital and migrants 

crossing the boundaries of the system. The interaction of the regional 

systems with supra-regional systems will be elaborated on. in a later 

chapter .

/



can we 
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I 

The production of forecasts over a fiftyeyear forecast horizon is
' 

I 

an extremely-difficult task, one in which available methodologies are few 

and ill-suited for the purpose of this study. The one methodology which is 

suitable is.a composite drawn from several disciplinary areas. 

The driving .forces for the forecasting exercise are population 

and economic activities. Since these activities are part of the larger 

surrounding 
' 

provincial and national ndlieu, ypopulation and econondc 

activities can be treated as being exogenous to the river basins used in 

forecasting. The implication here is that population growth and economic 

development occur in_hierarchical1y highr sub-systems through processes,’ 

the details of which are of no consequence here except that measures of 

.population and economic activity are available which correspond to the 

river basin group's share of" the growing (declining) population and 
. 

'

6 

econondc activity. Thus, the primary components of the methodology include 

exogenously provided estimates of future population and econondc activity 

and an allocative or distributive mechanism through which each region 

receives its quota of population and econondc activity. This set of_ 
conditions satisfies Lowry's edict: _"His [the model builder's] second task" 

is to neke _sure that those variables which stand at the beginning (prime 

causes, often called exogenous) can be plausibly evaluated as far into the 

future as may be necessary." [61
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The evaluation of the future exogenous variables is derived as 
follows. A macro-economic. model of the Canadian economy, a variant of A the 
cennxns Model 1.1 [7] developed by th acononuc Council of Canada, is used 
to produceythe national estimates of economic activity over the period ]9_72 

to 2020 A.n. [8]. 

The key, assumptions used in producing. the economic projections 
are that: 

(a) the government will continue to view full employment with
V 

moderate price increases as a main objective; 

(b) fertility trends will follow their current pattern. of decline and 
stabilize from 1985 onward at approximately 01,900 births per 
1,000 fem.a_les; and 

(c) immigration’ ‘will. be sufficient to make up any shortages in the 
labour‘ supply [9] . 

The assumption that full employment will be maintained is crucial 
to the projections in three ways. First, it is a realistic and 
reproducible solution to the CANDIDE Model in that sufficient parameters 
are constrained to provide a feasible solution (no mean_ feat in a non- 
linear dynamic model of over 2,000 equations, one-third of which are 
simultaneous). Second, removing full employment assumption leaves an 
infinite. range of solutions to choose from while lacking any real basis for 
choice.» Third, from an environmental point of view, a “full employment 
scenario corresponds "to a worst ‘case situation. There will be maximum 
output, maximum production and, other things being equal’, maximum pollution ‘



uder these circumstances. Any deficiencies in pollution abatement will 

become readily apparent. 

Population is the second exogenous variable used in the model. 

Fortunately, estimates of population are available for Census Division .in
‘ 

Ontario so that a need to work from the national population estimates did 

not occur. The-Economdc Analysis Branch of what is now the_ Ministry of 

Treasury, Economdcs and Inter-Governmental Affairs produced, for the 1973 

Ontario Statistical Review [10], estimates of population basedl on various 

assuptions about fertility, mortality and net migration. The estimates 

used in this study were medium estimates, that is estimates which assumed 

mediumt fertility and medium net mdgration. These estimatesv were 

extrapolated from 2001 to 2020 based on the continuation of the 1990 to 

2001 growth trends. The population estimates by Census Divisions were then 

re-aggregated into the river basin groups shown earlier. 

It is customary in modelling work to include a break-down of 

population by age or by age and sex,. since the composition of the 

‘population has many implications for the labour force, school enrolment and 

migration. While CANDIDE has such a breakdown, and its impacts are felt in 

terms of value of output in a region, the waste loading model includes no 

specific break-down by age and sex. This situation arises because the only 

function _of the population in the waste loading model is as one of the 

cmponents of municipal waste production calculations. Because municipal 

waste production, from the empirical observations of the Ontario Ministry 

of the Environment, is reported in per capita terms, additional detail in 

the population sector is superfluous.



At the regional level, the economdc data used corresponds to the 
C" 

Standard Industrial Classification code used by Statistics Canada I111. 

The ‘level of‘ disaggregation is at .the S.I.C. Division for all sectors 

except mining and manufacturing, which are broken down into their 

respective major groups (that is, to the two-digit level).' A complete. 
specification of the industrial components of 'the' regional econpmues' is 

shown in Table 6. These data are derived as follows. 

For each region,’ statistics Canada produced employment figures 

for all of the industries in the regions by S.I.CQ classes; The data were 

retrieved by enuneration areas and re—aggregated into the river basin 
groups by Statistics Canada using the geoécoding facility [12]. 

V 

These 

aemployment figures, when compared with the national employment figures by 
industry ‘group, produced a regional, distribution matrix giving the 

proportion of national employment by industry group in a region. 

The next major sement of the model structure involves two 

parallel phases, the computation of municipal raw sewae and the 
corresponding calculation of industrial raw, sewage. Th industrial 

calculation will be outlined here since, in conceptual terms at least," 

muicipalities can be viewed as just another waste producing “industry”. 

I 

For municipalities. and for industries, coefficients of waste 
production were obtained: The municipal waste production coefficients were 
supplied by the‘ Ontario Ministry of the Environment frm special studies 
performed at selected municipal sewage treatment facilities where little 
industrial usage occurred. The resulting figures indicate the nmber of 
pounds per capita of thirty chemicals and ions in raw sewage, that is, 

before treatment (see Table 7).
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On the other hand, the only data available for. use in calculating 

industrial discharge coefficients, a study by Industrial Waste 

Management Branch of the Ministry of the Environment [13], provided the 

' actual post-treatment discharges to the Canadian.Great Lakes. These data 

were used with Statistics" Canada data on Value‘-Added in Ontario. in each of 

the thirty—one industry groups. 

For each time period and each region, the ‘value of output in each 

industrial group was multiplied by the industrial waste _ 
production 

coeffic-ient for each waste loading substance. Theweight of each waste 

loading substance is converted to tons. 

For industries, the waste loads produced. are final waste loads 

(post-treatment); municipal waste loads are pre-treatment loads. A 

description of the manipulations’ to s,im_ulate the municipal. treatment . 

process follows . 

In each region, several pieces of information are required to 

‘perform the calculation which derives treated municipa1~ sewage from raw 

municipal sewage; the major requirements are the mumicipal treatment 

capacity and the treatment efficiency. Estimates of treatment capacity 

with respect to primary, secondary and tertiary treatment___types were 

provided for each region the Ministry of the Environment. These data 

are shown in Table 8. The treatment inefficiency is derived from treatment 

efficiency measures (Treatment inefficiency =1.-Treatment Efficiency) 

which," 
' 

in turn, were collected from the literature on pollution abatement 

[14]. 

The municipal sewage treatment sector is strongly linked to the 

municipal treatment investment equations by the use of a simple capital-
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output model to determine capacity. In this model, there is a relationship 

between the capital stock used to produce a connodity and the output which 

can be. produced. This relationship is expressed in the capital-output 

«ratio. In econonuc terns, a firntproducing a commodity will have a certain' 

anount of capital and produce a certain number of uits of output. 

correspondingly, a sewage treatment plant has a capital stock in terms of 

equipnent and so on and, with this capital stock, there is a certain amount 

of untreated waste. Thus the capital-output ratio in this case expressed‘ 

the ‘ratio of -pollution ‘abatement capital to pollution output. From the 

data, the 1972 proportion treated (by treatment type) is known and, given 

the raw sewage production figures, the first year calculation is trivial. 

The difficulty occurs only in the second and successive years, wherein th 

population and hence the raw sewage production have increased. 

Since the 1972 proportion treated corresponds to the capital- 

output ratio and since, in the first scenario, it is desired to Heintain "a 

constant capital-output ratio despite output (raw sewage production) having 

increased, the. increase in the capacity (capital stock) required to 

neintain the capital-output ratio can be calculated. At given uit cost, 

total expenditures required to neintain a constant capital-output ratio 

followsidirectly. 

.The capital-output ratio can be increased, as a matter of policy, 

and the additional expenditures required to increase the treatment capacity 

to the higher levels proceeds sindlarly. The-fundamental difference in 

this case is twofold:
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(a) ‘the unit cost of additional capacity is assumed to remain 

constant until the 90 percent treatment efficiency is reached, 

whereupon the unit cost becomes exponential; and 

(b) the investments to increase the capital-output ratio result in- 

impacts upon employment, output and prices in a fashion which is 

,not accouted for in the CANDIDE "Control solution". 

The implications of these differences will be explored later. 

All of ‘the essential ingredients to determdne the total river 

basin calculation have been determined previously; By adding the untreated 

muicipal sewage (that portion which_ receives no treatment because of 

inadequate capacity), the loads remaining- after a "less than totally 

efficient municipal treatment and "the loads resulting ‘from: economic 

activity, the total basin loads on each of the waste loading substances are 

produced. 

These then :are the fudamental ‘calculations Eb. produce the 

desired waste loading information. There are, however, several other items" 

' to be considered, namely, what are the economic and social impacts‘ 

~ associated with the desired degree of cleanup? 

These impacts can be measured in terms of additional and total 

investments required to effect a given degree of cleanup, in terms of the 

economdc impacts of changes. in Gross National Product and prices, or in 

terms of social ‘impacts as measured by increases or decreases‘ in 

employment. As mentioned earlier, the municipal investments are calculated 

by multiplying the required increase in capacity by treatment type by its
"



-11-" 

unit cost. The increases in- capacity result. from: maintaining (or 

the capital-output ratio. 

In‘ the municipal treatment sector, these calculations are rather 

straightforward and require few assumptions since data on— treatment 

capacity, treatment cost and treatmentl efficiency exist. On th other 

.hand, for industrial investments, much less complete data exists. Data on 

installed capacity in each region is not available directly, but the dollar 

- values spent on abatement are available. similarly, no data exist on the 

treatment efficiency of industrial abatement, and only post-treatment waste 

load coefficients are available. Hence, the model user must make a clearly 

stated _assumption _about what the base year treatment efficiencies are and 

what the desired efficiency will be at the end of the simulation run. Of 

course, default values are provided initially, and these may be modified or 

replaced as suits the model user. 

The expenditures on. industrial abatement over the 1967-1972’ 

period ere accumlated and depreciated at an assumed rate of.5 percent per 

_year to form a lstock variable which served as a proxy for industrial 

treatment capacity. Capital-output ratios ‘were calculated, given the 

initial assumptions about treatment efficiency. From these data, them 

investments required to maintain the capital-output ratio when pollution 

output is increasing can be calculated. 

To increase the treatment efficiency, it is not sufficient simply 

to state what the desired treatment level is; one also has to provide an 

indication of when the increase is to occur. This is done by means of a 

matrix of dummy variables provided for each year of. the simulation. The 

values in the matrix are zero everywhere except in those years and those
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"industries in which treatment eff iciency is deemed to increase. In a year 

in which no treatment efficiency increases occur, the investment 

transactions correspondfto depreciation and replacement investment. 
I 

When 

efficiency increases, there is depreciation, replacanent. investment and a 
‘ one-time net investment‘ to increase the capital stock to a higher level. 

In following years, elevated stock levels are maintained by ‘replacement 

investment ; 

The total .investments by business and government are useful 

indicators of economic impact, however, these ‘rather large expenditures 

result in a complex set of direct -and indirect economic effects. Some of 

the effects might be to raise interest rates as money is bid for in the 

capital markets, ‘or to raise industry prices since abatement investments 

are in essentially non-productive capital. 

Indirect effects result from the purchase of capital eguipment, 

services, materials, and so on from other sectors of the economy than where 

the investments were made. 
A 

Because these kinds of transactions result in 

increased goods and services being produced, Real Domestic Product and 

Gross National Product may increase.’ 

To assess these effects upon the national economy, a set of 

impact multipliers were calculated in the CANDIDE model and built. into 

waste loading- model. The ' term impact multiplier as it is used here 

requi_res some explanation. CANDIDE isva dynamic model and, hence, the 

multipliers produced give the difference between the base value and the 

resulting value of a given variable when an investment "shock" is fed 

through the economy.’ The dynamic nature of CANDIDE results in non-zero 

shock effects lasting between eight and thirteen years. In surrmary, the
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impact multipliers give the magnitude of _the change in a response (output)- 

variable over an eight to thirteen-year period following a si,_n_gle year . 

investment impact . 

A 

This short discussion have given a clue to the complexity of 

the computation carried out here. First, for a single investment, the 

impacts must be _calculated on every other industry, GNP. Elnployment, and- 

the Consumer Price Index. The amount of the investment must be saved for 

use in successive years. At the same time, there may be investment in
‘ 

other industries, and the impacts mu_st be accumulated over the industrial 

categories. 

multiplier is being used since the magnitude of the impact varies 

temporally. All of this may transpire in a single simulated year. 

. Needless to say, investments can, and do, occur in successive years so that 

a very complex impact structure results. 

A strong feedback exists between the economic impact of 

investment and the following year 's output (RD?) by industry group at the 

national level. 

of the major areas of the model have been discussed except 

one, namely, simulation capability of the model. There are 

approximately ten variables which give the user the ability to simulate 

various scenarios. These adjustments affect "population, urbanization’ 

"rates, technical change in industrial and municipal waste treatment, 

capital effiency, the degree of pollution cleanup, and so on. 

In ...cor_nputational terms, all of these adjusunents are made to the 

original data by means of a simulation pre-processor. That is, with the 

exception of capital efficiency which is used directly in the model stock 

It is also necessaryto keep track of which dynamic impact.
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equations, a small stand-alone program reads all 
V 

the 
_ 

data which may be 

changed, 
‘ 

solicits changes from the user, and writes out adjusted data. 

where no changes are required, the data are simply copied over.‘ '1‘-his 

facility, without being specific about the cause of the adjustment, allows 

the user to set the scene for the model runs- as he sees fit. 

On.‘ this basis," the model user can implement the effect of any 

legislativepsocial or technological ‘change which he can assess with 

respect to the magnitude of its impact upon the current input variables. 

There is, as yet, only one comprehensive study which has attempted to 

express foreseen developments in the future» of water management 

alternatives in terms that can be translated directly for use with the 

waste loading model [15]. 

H 

The purpose of this chapter has been to present an overview of 

the methodology used’ in the waste loading model in tents‘ which are fairly 

general and non-technical." The next chapter will outline in some detail 

the model equations, the various software systems used, how data files are 

managed during computation, and other related details of the model.
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Gm[)TEIl THREE 

' 

MODEL STRUCTURE 

‘ 

This éhaptér outlihés huh detailed structure of the model. Each 

of the active nodules is described t° provide an understanding. of their 

fuhctihhal fhrms_ This infornmt10n is provided for the economic sector, 

the population &Ddu1e' tééhnolohy and waste htreatnent, waste loading 

calculation, as wen as the economlc impact nodule- 

Economics 

ihe écohonfic hector fig outlined previously, uses an allocative 
, . 

-Structuré which assigns a spécifiaq proportion of the national output in an 

ihahghry to a fegihn 
‘ 

The éuunoudc ‘nodule is, then, a simple spatial 

;-gxlceatmn made; in when the valué3«‘3 of real domestic product it each 

ihdustryl are suppliéd as exogenous variables from the CANDIDE Model of the 

Canadian economy [16]. 

That national éutput 3” each industry group is allocated to a 

region based on a -coefficient W“'Ch is: defined by the pr°p°rti°n °f 
- émpihyhehh in fegioh- j ih hhh } ch industry group, relative to the total 

éfiéloymeht in the i th induétfy in lcanada, assuming spatially constant 

labour force productivity. 

Pogulation 

The pophlatioh hbduga reads the population forecast and 

transforns it to urban population,
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uRBpoP(j)=PoP(j)*URBR(j) 

. where,l 
URBPOP(j) is the urban population in the j th region, 

POP(j) is the total population of the j th region, 

URBR(j)' is the’ proportion of the total population living in 
,urban centres in the jpth region ' 

w The population sub~nndel plays a fairly nfinor role in this model 

relative to the roles of other population sectors in other models. This is 

so in this application because he are only interested in how much waste 

load is generated per person. Differences with respect to age, sex or 

other factors connbn in most population Hndels have no substantive bearing, 

and thus, total population for each region is supplied directly as an 

exogenous forecast developed by the Ontario Government [17]. _Since the 

real variable of interest is urban (or serviced) population, the _total 

population figure is scaled by the proportion urban in the j th region. 

Municipal Waste Treatnent 

The equations for the nmnicipal waste treatment subfinodel are; 

1) MwwFL(j)=uRBpop(j}*pcwAm:(t)/1oooooo. 

2); MMLij,k)=URBPOP(j)*MMLFAC(k)/200. 

3_) zc(,j)=1.-ZB(j) 

u) zz(j)=zB(j)+MMsIM(j,t)*zc(j) 

5) ZN(j)=1.-zz(j) 

6) . UNTRT(j,k)=ZN(j)*MWL(j,k) 

7) MsTRy(j,k)=Z,Zv(j)*NML(j) 

3) DISTLD(j,k,n)=MSTR(j,h)*PRPCAP(j',n) 

9) TRULOD(j,k,n)=DISTLD(j,k,n*CTIFF(k,n)
n 

10) MWLF(j,k)= ZTRULDD(j,k,n)
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where, 

MMwFL(j) is the municipal waste water flow in region j, 

URBPOP(j) is as previously defined, 

PCWATR(t) 
_ 

is the per capita water consuption, 

MWL(j,h) is the municipal waste load; raw waste load in the j th 
region for the k th wasteloading substance, ’ 

ZB(j) is -the proportion of the total waste load passing 
A "through treatment plants in the j th region in the base 

,year. ZB(j) is given, 

zc(j) 
V 

is the proportion of the total waste load not treated 
in the base year in the j th region, 

MKSIMlj,tY is the proportion of the load over and above the ZB(j), 
. treated in the j th region in the t th year as a result 

of a policy decision to increase treatment, 

ZZ(j) 
in 

is the total proportion of the municipal waste load 
treated in the j th region, ,

‘ 

ZN(j) 
i 

is the proportion of nunicipal waste not treated in the 
j th region, ’ 

UNTRT(j,k) the untreated waste load of the k th substance in the j 
th region, A 

’

‘ 

MSTR(j,k) the pre-treatment waste load of the kwth substance in 
the j th region, 

DISTLD(j,k,n) th treated waste load of the k th substance, treated 
by the n th treatnent.process, in the j th region, 

PRPCAP(j,n) te proportion of the total capacity in the j th region 
» that is in the n th treatnent process, 

CTIFF(k,n) the treatment ineffiency of the n th treatment process ‘with respect to the k th waste-loading substance, 

TRU1OD(j,k,n) th treated waste load remaining after treatment by the 
n th treatnent process, for the k th substance, in the 
j th region, 

MLF(j,k)i the final waste load after treatment, sunned across the 
treatment types,.for the k th substance in the j th 
‘region ’

- 

The constants in the equations are scaling factors to maintain 
dimensional accuracy.,
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.In. this module, municipal waste flows are calculated, the degree 

of treatment in terms of capacity and in terms of efficiency are considered. 

separately for each of the seven regions. 

In detail, the calculation proceeds as follows. Equation 1) 

calculates the municipal waste water flow in millions of gallons per day. 

AEquation 2) calculates the loading of raw sewage before treatment. The 

urban population (see Table 9) and the per. capita_ waste loading" 

coefficients for each of the substances under consideration, are used, 

Equation 3) calculates the base-year proportion untreated, that is, the 

proportion which, because of insufficient sewage treatment capacity, is not 

treated. The value of 2B. for each region is» given, and Equation .4) 

lcalculates the current year proportion treated as the sumrof the base year 

_proportion treated and a proportion of that part which was not treated in 

the base year, A zero value for MKSIM produces ZZ(j)=ZB(j), while a value 

of MKSIM in the range 0 < MKSIM < 1 produces a value of ZZ approaching 100 

percent “as MKSIM approaches 1. Since the value of MKSIM is supplied 

exogenously as a simulation variable, the proportion treated in the current 

,year can be manipulated at will. The consequences of such changes appear 

in the TECH subroutine as costs for additional plant capacity. 

Equation*'S) maintains consistency in the current year proportion 

not treated. .ZN(j) is then used in Equation 6) to calculate the waste 

load not treated in the current year for each substance in each region. In 

,turn, Equation 7) calculates the loads of municipal sewage being treated by 

waste load type for each region. 

The total load being treated is broken down into proportions 

being treated by primary, secondary or tertiary treatment. The basic
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assumption. is made that each treatment type is used to its capacity and 

that overloading of one type of treatment is not pernfitted while there is 

still capacity of another type available to treat it. The assumption 

corresponds to a rational management scheme. whereby when one treatment 

facility is used to capacity, other under-utilized facilities are brought 

to bear util all available treatment capacity is utilized. Only at that 

point will overloading occur. 

Once the load has been distributed by treatment type, this 

information is used in conjunction with the efficiency of treatment figures 

for each treatment type in order to calculate the after treatment waste 

loads by treatment type for each substance in the region. .The final 

muicipal waste loads, in Equation 10), are the sumetion over the 

treatment types of_the post treatment waste loads by treatment type. Final
s 

waste loads are provided for each substance in each region. 

Industrial Waste Treatment 

Industrial waste loads are calculated by the following equations. 

Table 10 provides the waste coefficients. 

IWL(j,i,k)=(RO(i,j)*IwLRAC(i,k)*1.-DESTRL(j,i,t)/ “’ 

1.-BASTRL(j,i,t))/2000. 

1 . 

IWLSUM(j,k)= Z IWL(j,i,k) 
where, 

IwL(j,k) 
‘ 

is the industrial waste load, in tons, of the k th 
substance after treatment, in the j th region 

R0(i.j> is the real .domestic product of the 1 th industry in 
the j th region, in mdllions of 1961 constant dollars, 

DESTRL(j,i,t) ’is the desired treatment level in the i th industry, in 
the j th region, for vthe t th year. DESTRL is a 
simulation variable,
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BASTRL(i,j) the base year treatment level in the i th industry in ‘ 

th j th region, 

IWLSUM(j,k), is the sum of the industrial waste loads, summed across 
. the industry types. one value occurs for each waste 

loading type in each region. 

The equations for the industrial waste loading calculation are 

deceptively sflmple but have wide ranging implications for many other 

sectors of the model. The consequences of this situation will be mentioned 

later as the point of effect in the model is reached. 

The real domestic product in each industry in each region, 

calculated by the economic spatial allocation model, is used in conjunction
. 

with ‘the post*treatment industrial waste loading coefficient. This, in 

turn, is modified by th expression 1.-DE$TRL(j,i,t)/1.-BASTRL(j,i,t). The 

first part represents the infficiency of treatment ‘at the desired 

treatment level, while the second part represents the‘ treatment 

inefficiency at base year treatment levels. Thus, the whole expression is 

the ratio of the desired treatment inefficiency to the base year Vtreatment 

ineffiency. When. progress in cleanup is occurring, the desired treatment 

inefficiency will approach zero as the cleanup proceeds. Calculation of 

th industrial waste loads ,are made much simpler by the fact that post- 
treatment waste loads are directly observable for the period prior to the 

base year. lndustrial output in dollar terms is readily available, making 

the waste loading coefficient (pounds of waste load per constant dollar of 

output) easy to calculate. Please note here that the use of these waste 

load coefficients in calculations of future waste loads implicitly assues. 

that the treatment efficiency is at base year levels. vHence, an adjustment 

must be made to the coefficients if the treatment efficiency is not at base 

,year levels.. This is one of the deceptively simple parts mentioned 

earlier. Projections of regional domestic product are all that are 

. n..,-.-ya»,-.;..
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required to calculate industrial" waste loads. The only other factor, 
- changing treatnent efficiencies, is compensated for in the latter half of 

the first equation. The second equation simply totals each industry's 

contribution to the regional total of that waste loading substance. 

Total Waste Loads 

Until 
, 

this 
I 

point, waste loads from industry and from municipal 

sources have been calculated separately. These are now brought together to 

obtain total river basin waste loads: 

MWLT(j,k)=MWLF(j,k) + UN‘IRT(j,k) ' 

TBLD(j,k)=MWLT(j,k) + 4IwLSUM(j,k) 

cAL'IBR(j,k)='rBLD(j,k)-oBsE:Rv(j,_k) 

C . 'TTBLD(j,k)=TBLD(j,k.)+C.ALI’BR(j,k) 

MAXSO2(k)= inaximum (TI‘BLD(j,k‘)) 

Next, calculate the lake basin loadings from theriver basin 
loads, 

MUNSUP(k)= §MwLT»(j,k) (j=1,...,ll) 

IWLSU1?(k_)= Iw1sUM(j,k) (j=1,...,u) 

Mm-zRmk>=§MwLT<j,k) <j=s,..'.,7> 

IWLHRN(k)_= §Iw1sUM(j,k) (j=5,.»...,7) 

where, 

MWLT(j,k) . is the total regional municipal waste load for each 
' region by waste loading substance 

,MWLF(j,k) is - the ‘final municipal waste loads after treatment in . 

each region for each waste loading substance 

--«-.-r-.~».._...y,-.,—w



TBLD(j,k) 

OBSERV(j,k) 

CALIBR(j,k) 

TTBLD(j,k) 

TBLD(j,k) 

MAxso2(k) 

MUNSUP(k) 

mxnmziumi 

IWI.SUP(k), 

IWLHN(k) 

- 22 - 

is the total river basin Vwaste load‘ of the R th 
substance; MUT(j,k) and IWLSUM(j,k) are as defined 
previously i 

is the base year observed loading of the k th substance. 
in the river basin 

is a calibration variable used to adjust the output to" 
a 1973 base; this variable accounts for certain 
ucontrollable factors such as the contribution of 
agricultural runoff, the assimilative capacity of the 
water body, atmospheric inputs and other uncontrollable 
sources 

is the calibrated final waste loads by region, by waste- 
loading substance - 

is as previously defined 

is the naxinunuvalue of the waste load of any substance 
in any region 

is the final municipal ‘waste loads in the Superior 
Basin, by substance 

A 
is the final municipal waste loads in the Huron Basin, 
by substance 

is the final industrial waste loads in the Superior 
Basin, by substance 

is the final industrial waste loads in the Lake Huron 
Basin, by substance 

In this procedure, accounting summaries of total waste load by 

waste loading type are calculated for each river basin and for the Lake 

Superior and Lake Huron lake basins. These data are the primary results 

of the modelling process, which the modelling task sought to achieve. It 

was also felt that the naxinunldischarge of each substance in any region, 

MAXS02, would be a key policy variable in that the ~whole gamt of 

industrial waste dischargers may, face increased regulation because of 

abnormally (or significantly) higher discharges of a substance in a single 

region and, perhaps, even in a single industry. For example, all lead
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dischargers in Ontario face regulation_ because of the actions of a single 

Toronto firm. 

‘ Investment in Treatment. 

The next series of calculations are performed in the module 

TEJCHN. First, municipal treatment capacity, is calculated: 

MEAL03(j,nt)=EFFDLR(t)*MTMI03(j)/MTCOST(nt) 

where, 

tI~tIGAL03('j,nt)4 is the number of gallons of treatment capacity by 
treatment type in the j th region,‘ ‘

- 

EFFDLR(t) is the capital efficiency in the t th year, 

NEDCOS'I‘(nt)' is the unit cost of municipal treatment capacity, of 
' type nt. .

’ 

The summation occurs in each time period and adds the incremental 

capital cost for new capacity to the existing cost. 

Industrial treatment capacity increases in proportion to 

increases in R.D.P. under the 
' 

base scenario - (the one in which the 

capital-output ratio is held constant) . The adjustment made to the 

coefficients because of increased treatment levels is made as follows: 

TEMP2(j,i,t)=(Ro(j,i,t)/R0(j,i,t—1))/CHwFAC(t) 

where, 

TEIMP2(j,i,t) is the proportional change in real domestic product in 
the 3 _'th region, in the i th industry at time t, 

RO(j,i,t) is the real domestic product of the i th industry, in 
the j th region, at time-t, V
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RO(j4i,t-1) is the RDP a year earlier, 

CHWFAC(jyi,t) is the change in industrial waste load coefficients in 
the i th industry, in the j th region at time t 

Using‘ this ‘information, the calculation of industrial treatment 

cost occurs: 

ITMIO1(j,k)=E:E'FDLR(t)*(s'nocK1(j,k)*TEMP2(j,i,t)+ 
STOCK1(j,k)*DEPR(t))“ST0CK1(j,k)A 

where, 

ITMIO1(j,k) is then additional treatment investment which is 
' necessary to maintain the pollution capital-waste 

output ratio at its 1973 value, 

EFFDLR(t) is the capital efficiency in year_t, 

STOCK1(j,k) 
A 

is the stock of pollution capital in the previous year 
(t-1), 

‘ 

.

. 

TEMP2(j,i,t). is as previously outlined, 

DEPR(t) is the depreciation rate of the capital stock 

This equation functions as follows; nt investment is calculated 
by SlOCK(j,k) * TEMP2(j,i,t), replacement investment is calculated by 

STOCK1(j,k) * DEPR(t) and‘ sTOCK1(j,k) is subtracted to avoid double 

couting (because additional investment, not" total . investment, is 

required). 

Then, the value. of the pollution capital stock in the present 

,year is: 

siocK2(j,k)%smocx1(j,k)+1iiuo1<j,k)— 
' S'IOCK1(j,k)*DEPR(t)' 

Now the current year capital stock, STOCK2(j,k), equals last 

years stock, STOCK1(j,k), plus gross investment including that to replace 

depreciated capital stock (STOCK1(j,k)*DEPR(t)) which is subtracted out.



Next, the additional investment to increase the capital-output 

ratio above its previous value‘ is calculated. 

-.2's - 

‘ In the situation which 

occurs when the capital-output ratio is not changed, the result of the 

calculation has the same numerical value as does ITMI01. 
.. ..r—,. -7,. 

Thus,» 

ITMI03 (j,k)=EFFDLR(t)*(A.(j ,k)*Z*S'IOCP1 (j ,k)* 

where,. 

ITIMIO3(j,k)
3 

A(j,k) 

S'IDCP1(j,_k) 

ATE:MP(j,i,t.) 

papa ( t.) 

TE:MP2(j,i,t)+l(S‘1’OClP1 (j ,k)*TEW2(j,i,t) ) )+ 
(s'1ocp1 (j ,k)*DEPR(t) )~sTocP1 (j ,k) 

is the additional investment toe finance industrial 
treatment capacity sufficient to changev the capital- 
output ratio to that corresponding to the new desired 
treatment level, ‘ 

is a dung variable (1's or 0's) controlling 
expression consisting of A(j,k) and the next two terms. 
when A(j,k) is zero, the expression is always zero, and 
when A(j,k) is one, the expression has the value 
Z*STOCP1(j,k), ~

' 

is the industrial treatment efficiency. If the desired 
treatment efficiency is above 90 percent, Z increases 
exponentially, ' 

is as defined previously, 

is as defined previously, 

is as defined previously 

The rule for calculating Z'is as follows: 

If‘ DE.‘S’l‘RL < 91 percent THEN Z=DE-STRL-BASTRL, 
ELSE Z= EXP(.5*((DESTRL-90.)*100.)) 

The new value of the stock variable associated with this 
investment is:
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siocp2(j,k)#sTocP1(j,k)+ITM1o3(j,k)- 
"V STOCP1(j,k)*DEPR(t) 

Since, 
A 

at this point, we know the value of the additional 

investment to maintain a constant capital-output ratio, and we also know
_ 

the" value of. ITMI03, the investment required to rreintain and improve the 

capital-output ratio, hence we can subtract the second from the first to 

obtain the investment which is necessary to move from the old desired 

treatment level to the new desired treatment level: 

ITMI02(j,k)=ITMIO3(j,k)-lTMI01(j.k) 

where ITMI02(j,k) is termed the "impact creating investment". In the- 

CANDIDE econometric model, a certain arrnunt of government investment in 

< pollution abatement is captured in the government expenditure equations. 

But because the additional expenditures in the simulation model result from 

"policy" decisions not accounted for in the CANDIDE control solution, the 
' 

effects must be accounted for separately by the use of impact multipliers. 

These multipliers ftmction as outlined in the previous chapter. Sub- 

routine SPEND handles the impact calculations. 

First, the additional investments are totalled by industry group 

across river basins: 

INVEST(i)= i ITMI02(i,j) 

Next, ignoring the selection of the proper interim multiplier 

(which is simply a messy programming problem), the total additional 

investment multiplied by a vector of impact multipliers, one for each 

industry, and summed across the impact producing industries:
‘ 

IMPACT(j)= § (INVEST(i)*NIM(i,j)) 

where ,



IMPACT( i ) 

INvEsT(i) 

NIM(i,j) 

Finally, 

V 
va lues . 
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’is the additional RDP in th 1 th industry in Canada, 
generated by-additional investment in other sectors, of" 

the economy, " 

"is as. defined previously, 

is the national impact multiplier for the j th industry 
when impacted by investment in the i th industry (tifj )-. 
There is an implicit titre subscript which has selected 
the proper. interim multiplier from the set of possible 

Each mu_l_tipli_er represents RDP in millions per 
25 million of investment. 

treasures of’ economic impact are calculated. These 

measures are the change in the Consumer Price Index, the change in 

employment nationally, and the change in Gross National Product. 

with this description of the model structure, the results of 

applying the model to several large river basins in Ontario will be 

described in the next chapter.
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CHAPTER FOUR 

APPLICATION TO SELECTED 0NTARIO_WRTERSHEDS 

As outlined in earlier chapters, the impetus to develop such a 

,policy oriented waste loading simulation model was the need to answer such 

basic. questions as to whether Lake Huron and Lake Superior were likely to 

become polluted, and what the social, econmic and linnological 

consequences of our choices would be. 

To answer these questions, or at least provided the basis for 

than being answered, the Hodel was used to simulate three sets of 

conditions, that is three possible futures. ihese are to: 1) maintain the 

degree of waste treatment at a base year (1973) level; i) Hake several 

changes in various- parts of society, the -economy, in technological 

progress, as well as investing in waste treatment; and 3) attempt to match, 

in Canada, the stated U.S. intention to achieve a "zero discharge" policy 

by 1985 was legislated in Public Law 92-500. 

Only_ two of these _policies provided interesting results. As 
expected, the zero discharge scenario resulted in industrial waste loadings 
falling to zeroxin 1985 with the requisite need for enormous and increasing 
capital expenditures to maintain zero discharge. These sums of nbney ‘(see 

Table 10.1) are annual investments which are required each year. From this 
lpoint of view, the Canadian economy could not. generate that type iof 

investment, nor could it stand the inflation caused by it. For example, 
Federal government spending in 1974 was approximately 45 billion dollars, 
with GNP at over 140 billion dollars in current terns. In real terms,
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these correspond to 26.8 and 89.4 billions, respectively, in 1961 dollars. 

,By 1885, real cup is projected to reach 143‘b'illion dollars 1191, whereas 

the total investment required for both lake basins is 6.5 billion dollars 

or 4.5. percent of real GNP. Please note that here we are only talking 
about Lake Huron and Lake Superior which are relatively clean in comparison 

to the Lower-Great Lakes.. 

The first scenario, to maintain the level of waste treatment at ~ 

1973 levels, provides a situation in which a decision is made- that an ‘ 

adequate level of effort is being made to fight water pollution and that no 
increase in effort is required. Thus, it is an attempt to maintain the 
status guo in terms of 1973 waste treatment. Tables 11 through 17 give the 
results of the model run for lake basins from 1974 to 2020 A.D. 

The loads of three key substances, phosphorus, nitrogen and 
dissolved solids, are graphed for the Lake Superior Basin in Figures One, 
Two and Three. Beside each line corresponding to the first scenario is. 

marked a (1) for identification. Each substance discharged by industrial 
polluters increases in value from itst 1974 value as expansion of the 
economy,'coupled with a set degree of treatment, cause waste loads to grow 
over the-interval. Phosphorus increases from 1,157 metric tonnes per year 
in 1974 to 1,834 tonnes per year in 2020. Nitrogen vincreases from 97,911 
tonnes in 1974 to 110,865 tonnes by 2020, while dissolved solids increase 
from 3.0 million tonnes in 1974 to 5.375 mullion tonnes by 2020. The 
annual investment in waste treatment increases from H1.8 million 1961 

' dollars to 15.7 million 1961 dollars for industrial treatment in the Lake 
Superior Basin. Because there is little in the way of population in the 
Upper Great Lakes Basin, municipal treatment investment does not climb much 
beyond the quarter-mullion mark per year.
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The second scenario is one in which several factors are varied so 

as to allow waste loads to renein constant, or virtually constant, vover 

tine. 

municipal and industrial waste coefficients and the desired treatnent level 

for industry. 

In Region 1 (Thunder Bay), the population is initially 11s,7ua 

and increases at 1.11 percent per year; Region 2 population starts at’ 

26,391 and increases at the sane rate as the first region. Region 3 begins, 

with 6,417 inhabitants and grows at .99 percent per year. Like VRegions 1 

and 2, Regions H and 5 also grow at 1.11 percent per year but they have . 

261,30fi and 407,120 inhabitants, respectively. Most slow growing is Region 
71 with‘ a growth rate of .6fl percent per year. 1A full summary of the 

population projections used in the second scenario is shown in Table 18. 

Tables 19 and 20 give the values ,for CHWFAC and CHMFAC, 

respectively. Table 21 shows the new values ‘of the desired treatnent 

level, DESTRL. In this scenario, CHWFAC has a value of zero from 1972 

through 1976; in 1977, CHWFAC changes the waste loading coefficients_ by 

2.061 percent. 

coefficients inmrove,by 2 percent of their _value the previous year. 

Naturally, over the forecast horizon, 2 percent when’ compounded 

corresponds to over one hundred percent change «in the waste discharge 

coefficients. 

Sindlarly, .CHMFAC, the change in the municipal waste loading 

coefficient, has a value of one (signifying no change) for the first five 

1 years. After 1977, CHMFAC first rises to 1.15, corresponding to a decrease 

In this scenario, urbanization rates are altered, as are the 

Each successive year, until 2020, the waste treatment
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in the quality of waste discharges, and then decreases over the years to a 

value of 0.H0. 

The changes in both of these variables can be ascribed to 

disembodied technological progress, that is technological progress which is 

not ascribed to labour‘ or capital but simply occurs. These changes in 

CHMFAC and CHWFAC represent major technological improvements in waste 
' treatment technology at the rate of one percent to two percent per year 

over the forecast horizon. 

The effects of such a policy can be seen in Tables 22 to 28 which 

show waste loads for the second scenario over the forecast horizon. 

Figures One, Two and Three show the loads of phosphorus, nitrogen and 

dissolved solids, graphed in relation to the waste loads from the first 

scenario. Investments for both scenarios are shown in Figures Four, Five." 

and Six. 

The effect ‘of the changes with respect to the variables above 

results in substantial changes compared to the output from the first 

scenario. First, waste loads ‘for all substances are reduced from their 

previous values, showing little if any growth over the forecast period. 

Second, because of decreased population growth (relative to the first" 

scenario), and increased technological progress, the smaller waste loads 

generated resulted in decreased expenditures on pollution abatement of from 

fifty percent to sixtyrsix percent less than in corresponding periods of 

the previous scenario (see Table 29). 

In many ways, the results shown here are exemplary of what can be 

done using the simulation model. In the first scenario, the ‘input 

’variables were set up and the run produced a set of waste loadings and



‘-32- 

corresponding requisite expenditures. The second scenario attempts to keep" 

the absolute waste loads constant over tine; This is achieved through an. 

iterative process of setting up the input variables, running the model and 

checking to see if the requisite output is produced. If it is not, the 

_ 

process is repeated until success is achieved. This procedure results from 

asking a question along the lines of - what must one do (in terms of 
adjusting policies) to achieve a given level of waste loadings? 

Using these two types of analysis, one can see: a) the changes 

in output for given changes in input variables; or bl the changes ‘in the 

input variables necessary to achieve a given state of the output variables. 

Naturally, b) can be achieved in Hany ways. It is the Aassessnent of the 

viability of these alternatives ‘that allows the fornulation of sensible 

policy.
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CHAPTER FIVE 

CONCLUSIONS 

This paper has attempted to present a l_arge FORTRAN—based 

simulation model which was prepared during 1974 and 1975 to analyse. the 

effects of population and economuc activity upon the water_qua1ity of the 

Upper Lakes. 

The model itself is interesting from several points of view. .It 

is one of very few attempts at regional water quality modelling to laccount 

for social and economic variables in a meaningful way. It represents the 

»state~of-the-art in computing terms with the combined use of a highrlevel‘ 

language (FORTRAN) in conjuction with a data-base management system to 

store results, print reports, and allow direct accessing of the data-base, 
' through time-sharing, to obtain information not available in the standard 

reports printed by the model. Finally, it produces results which are. 

reliable, and consistent with intuitive reasoning. and empirical 

observation. 

The full set _of results produced by the model cannot directly 

answer the question of whether the Upper. Lakes are likely to become 

polluted. This answer must come from the limnologists who have the skills 

to interpret what the addition of waste loads of these magnitudes mean to 

_ 

the water quality of the Upper Great Lakes; 

Thus, it is clear why the waste loading simulation model is such 

a key element in responding to questions on these serious ‘matters, for, 
without knowledge of the_future waste loads generated by human activities, 

the questions cannot be answered.
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TABLE I 

VALUE OF OUTPUT IN 1972 
(SELECTED INDUSTRY GROUPS) 

IN MILLIONS OF 1961 DOLLARS 
Lake Lake I Superior- ‘ Huron 

Basin Basin 

Agriculture " 
A 

1.430. _ 

‘ 

35.153 
Forestry 

A 

15.101‘ 10.188 
1 Mining 145.579 

. 455.119 
*pManufacturing :320.095 ~ 

I 

- 1099.231 
Construction" 40.230 .2 

A 198.482 

Sourcez‘ C. A. Sonnen and P. M. Jacobson, 
"Estimates of Economic Activity in 
Regions of the Canadian Great Lakes 
Basin for the Period 1972 - 2020". 
Prepared for the Social Sciences Division, 
IWD — Ontario Region. Unpublished 
report. December 1974. V



_TABLE'2~ 

VALUE OF OUTPUT IN 1972 
(FOR REGIONS OE THE LAKE SUPERIOR BASIN 

(SELECTED INDUSTRY GROUPS) 

Source: 

2.772 

IN MILLIONS OF 1961 DOLLARS AND AS PERCENT OF BASIN 

$IC 
A 

Region 1 Region 2 
7 

Region 0 Region 4 
_Div Name $M (%) $M (%) $M (%) $M. (%) 

1 Agriculture 0.665 (47.0) 0.064 (4.5) (0.000 .(0.0) 0.701 (49.0) 
A 

2 
V 

Forestry 9.071 (60.1) 5.927 (39.2) 
’ 

0.310 (2.0) 2.793 (18.5) 
'

. 

4 Mining 
1 

7.592 (16.7) 21.7487 (47.7) 13.707 (30.1) 2.532 (5.6) § 
5 Manufacturing 124.600 (38.9) 33.115 (10.3) .0.405 (0.1) Vl61.975 (50.6) 

6 Construction 21.615 (53.7) (6.9) 0.770" (1.9) 15.073 (37.5)) 

C. A. Sonnen and P. M. Jacobson, "Estimates of Economic Activity in 
Regions of the Canadian Great Lakes Basin for the Period 1972 - 2020". 
Prepared for the Social Sciences Division, IWD - Ontario Region. 
Unpublished report. ' ‘December 1974.



TABLE 3 

VALUE OF OUTPUT IN 1972 
FOR REGIONS OF THE LAKE HURON BASIN 

(SELECTED INDUSTRY GROUPS) 

IN MILLIONS OF 1961 DOLLARS AND AS PERCENT OF BASIN 
SIC — 

' Region 5 Region 6 
. 

' Region 7 
Div. Name $M (%) $M (%) SM ‘ (%) 

1 Agriculture . 0.994 ’ (2.8) 
I 

20.374 (58.0) 13.785 (39.2)
I 

2 
_ 

Forestry ' 6.620 (65.0) 2.534 (24.9) 1.034 (10.1) £5 

4 Mining 404.626 (88.7) 7 37.165 (8.1)- 14.328 (3.1) 
I

I 

5 Manufacturing 157.456 (14.3) -687.752 (62.6) 254.023 (23.1) 

6- Construction .53.911 (27.2) 97.408 (49.1) 47.163 (23.8) 

Source: C. A. Sonnen and P. M. Jacobson; "Estimates of Economic Activity 
‘ in Regions of the Canadian Great Lakes Basin for the Period 

1972 - 2020". Prepared for the Social Sciences Division, IWD - 
Ontario Region. -Unpublished report. December 1974.
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. TABLE 4 

_RIVER BASINS WITH MEAN ANNUAL DISCHARGE EXCEEDING 
‘ -1000 CUBIC FEET/SECOND 

Kaministikwia River 
Nipigon River 
Ogoki Diversiofi 
Long—1ac Diversion 

b 

White River 
’ Magpie River 
Montreal River 
Michipicoten River 

1 

''A 
p 

A 

‘ 

.Mississagi River 
1 

” Spanish River 
‘ 

._ _ 
Serpent River" 

. ' 
0 

I "n 

. 

.‘ French River 
I I ’V Muskoka River 

Severn River 
Saugeen River_' 
Mait1andiRiver



..q2.. 

TABLE 5-‘ 

VRIVER_BASIN GROUPS AND COMPONENT RIVER BASINS 

RIVER BASIN GROUP NAMEp

1
2 

Kaministikwia 
Nipigon~Long lac 

Magpie—Montrea1 

Sault—Mississagi 
French—Spanish 

.Muskoka-Georgian‘Bay 

- Safigeen—Mait1and 

COMPONENT RIVER BASINS 

Kaministikwia River 
Ogoki Diversion 
Long-lac Diversion 

‘ Nipigon River‘ 
White River 
Magpie River 
Montreal River 
Michipicoten River 
Mississagi River 
French River 
Spanish River 
Serpent River 

'Muskoka River- 
Severn River 
Saugeen River 
Maitland River



' 

_- 
‘ 

' 

TABLE -'6 

REGIONAL ECONOMIC DISAGGREGATION 
..BY S.I.C. GROUP 1 

S~.I.C.. 
‘ 

- 

. 

' 
‘ NAME 

Division 1 Agriculture 
Division 2 Forestry Division 3 » - 

' 

' Fisheries- 
Division 4 . Mining 

Major Group 1 
_ 

Metal Mines
. Major Group 2 M 

‘ 
' Coal, Petroleum, Gas Major Group 3, 4, 5 ‘ Non—Meta1 Mines‘! ' 

Division 5 - 

A 

‘ ‘Manufacturing 
.Major Group 1 Food Processing 
Major Group 2 1 

' Tobacco ’ 

Major Group 3 ‘ 

_ 
Rubber 

Major Group 4 ' 

A 

” Leather
5
8 

-- Major Group Textiles . - Maj or Group Wood 
' Major Group 9 Furniture 

Major Group 10’ 
_ 

Pulp and Paper Major Group 12 
V Primary Metals Major Group 13 ' Metal Fabricating 

~ Major Group 14 
_ 

‘ Machinery .

, Major Group 15 - Transport Equipment Major Group 16 - Electrical Products Major Group 17 ‘ 

. _- -Non-Metal Minerals Major Group 18 ' ' Petroleum and Coal Major Group 19' » 

_ Chemicals Major Group 6, 7, ll, 20 Miscellaneous 
. Division 6‘ M Construction V 

.

~ 

Division 7 - 

. . Transportation & Utilities Division 8 
. .Trade

1 Division 9 * Finance Division 10 
. 

' 

. Services ‘ 

Division 11 
, Public Administration



MUNICIPAL RAW SEWAGE PRODUCTION COEFFICIENTS 

-:4g- 

TABLE 7 

(Lbs/Capita) 

Phosphorus. 2.0 Calcium -' 0.39 

Nitrogen 9.0 Chromium 61.0 
iDissolved Solid; 200.0 Copper 0.52 
Chloride. 30.0 . ._ Fluoride 0.75 
Silica» '3. 0 

‘ Iron 12 . o 

Susfiendefl Solids '99.0‘ ' Lead. 0.30 
Oil ‘9.0 Magnesium 18.0‘ 

Sulphate 70.0 Manganese 19.0 
'NH3 

0 

5.6‘ ' Mercury. 0.001 
R1"1eno_ls. ' .o.o03 Nickel 0.28 
Cyanide 0.0.100 ‘Potassium7“‘ 8.1 
Aluminum 06.0» 

H 

Sodium 04.0 
Boron 0.0006 

_ 

Titanium ' 

0.0 
Bromine 0.0 Zinc» 0.78

n 

0 

Cadmium 0.02 g 
_ 

BOD 9.9.0



TABLE 8 

.MUNICIPAL SEWAGE TREATMENT CAPACITY 
A BY REGION AND TREATMENT TYPE 

. 1972 

BASIN CAPACITY PRIMARY SECONDARY TERTIARY-IA 
. (M.G..D...).V _‘ (Percent of. Basin) -

. 

1 
' 

14.0 100.0 .0.0 _0.0 
2 . 

. 1.265 1. 71.1 
' 

28.9 0.04* 
3 -’- 

_ 0.4 A 

_ 

0.0 .10o.0 0.0 
4 ~ ~ _' 12.3 

A 
97.6. - 2.4 » 0.0 

5 ‘I 
A 

I 

’ 

25.47 
_ 

5.5 A 78.0 16.5 
6 « _j 25.66 ' 13.7 

: 

'86.3 
7*_- * 5.97 

_ 

0.0 I‘.88.3_; '11.7.



’ 

1972 
1973 
1974 
1975 

- 1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

-1984 
1985 

‘ 1986 
’1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998

1 

115748. 
116255. 
116809. 
117406. 
118040. 
118706. 
119397. 
120110. 
120839. 
121578. 
122322. 
123066. 
123805. 
124533. 
125245. 
125935. 
126599. 
127231. 
127825. 
128377. 
128691. 
128963. 
129200. 
129408. 
129120. 
129337. 
129573. 

RIVER BASIN POPULATION

2 

26391. 
' 26515. 
26650. 
26795. 
26949. 
27111. 
27279. 
27452. 
27628. 
27808. 
27989. 
28170. 
28350. 
28528. 
28702. 
28872. 
29035. 
29191. 
29339. 
29477. 
29560. 
29633. 
29698. 
29757. 
29696. 
29758. 
29824. 

- 46 1 

‘TABLE 9 

6417. 
6500. 
6588. 
6681. 
6778. 
6880. 
6984. 
7092. 
7203. 
7316. 
7431. 
7547. 
7664. 
7781. 
7899. 
8017. 
8133. 
8249.. 
8362. 
8474. 
8568. 
8660. 
8751. 
8841. 
8895. 
8987. 
9082.

4 

102503. 
103825. 
105232. 
106716. 
108271. 
109890. 
111565. 
113290. 
115059. 
116863. 
118697. 
120552. 
122423. 
124303. 
126184. 
128060. 
129923. 
131767. 
133585. 
135370. 
136875. 
138347. 
139795. 
141226. 
142080. 
143559. 
145080.

5 

261304. 
266158. 
271201. 
276415. 
281786. 
287298. 
292935. 
.298682. 
304524. 
310444. 
316427. 
'322458. 
328522. 
334601. 
340682. 
346748. 
352784. 
358775. 
364704. 
370556. 
375688. 
380750. 
385764. 
390754. 
394164. 
399336. 
404652.

6 

407120. 
412598. 
418347. 
424347. 
430575. 
437012. 
443637. 
450428. 
457365. 
464427. 
471593. 
'478843. 
486155.- 
493508. 
500882. 
508256. 
515609. 
522920. 
530168. 
537333. 
543643. 
549873. 
556048. 
562192. 
566552. 
572894. 
579392. 

’

7 

167408. 
167971. 
168660. 
169466. 
170377. 
171385. 
172479. 
173648..

2 

174885. 
176177. 
177516. 
178891. 
180292. 
181710. 
183135. 
184556. 
185964- 
187348. 
188699. 
190007. 
190938. 
191826. 
192680. 
193510. 
193605. 

. 194489. 
195425.



YEAR ' ‘1 

1999 129828. 
2000 1 130099. 
2001 130386. 
2002 130687. 
2003 .131001. 
2004 131327. 
2005 131662. 
2006 132007. 
2007 132359. 
2008 132718. 
2009 133081. 
2010 133448. 
2011 133817. 
2012 134187. 
2013 134557. 
2014 134924. 
2015 135289. . - 2016 135649. 
2017 136004. 
2018 136351. 
2019 136690. 

'..137019.

2 

29896. 
29971. 
30051. 

' 30134. 
30220. 
30310. 
30401. 
30495.

I 

30590. 
30687. 
30784. 
30883. 
30981. 
31079. 
31177. 
31274. 
31369. 
31463. 
31555. 
31644. 
31731. 
131814. 

TABLE 9 
"CONTINUED 

RIVER BASIN POPULATION

3 

9180. 
9280. 
9383. 
9488. 
9595. 
9704. 
9815. 
9928. 

10043. 
10160. 
10278. 
10398. 
10519. 
10642. 
10766. 
10891. 
11017. 
11145. 
11273. 
11402. 
11532. 
11663.

4 

146641. 
148242. 
149881. 
151556. 
153266. 
155010. 
156786. 
.158593. 
160428. 
162292. 
164182. 
166097. 
168035. 
169995. 
171976. 
173976. 
175994. 
178028. 
180077. 
182140. 
184214. 
186299. 

5. 

410109. 
415704. 
421435. 

V 
427299. 
433293. 
439414. 
445660. 
452029. 
458516. 
465121. 
471839. 
478668. 
485606. 
'492650. 
499796. 
507043. 
514388. 
521827. 
529359. 
536980. 
544688. 
552480.

6 

586044. 
592845.

' 

606880. 
614106. 
621466. 
628956. 
636572. 
644311. 
652168. 
660140. 
668222. 
676412. 
1684705. 
693097. 
701585. 
710164. 
718831. 
727582. 
736413. 
745321. 
754301.

7 

196409. 
197441. 
198517. 
'199637. 
200797. 
201998. 
203235. 
204509. 
205816.- 
207155. 
208524. 
209921. 
211344. 
.2l2792. 
214262. 
215752. 

_217262. 
218788. 
220329. 
221883. 
223448. 
225022.



TABLE 10 -

' 

INDUSTRIAL WASTE COEFFICIENTS 

populn 
' 

2.7j 15.0 220.0 30.0 5.5 72.0 _9.0 25.0 0.01 
0.18 6.0 .0006 '00.0 0.003 25.0 0.01. 0.06 0.75 1.1 
0.05 7.5 0.07 .00015 0.01 4.1 21.0 0.0 0.1 65.0 

agy 0. 0. 0. 0. 0. .0. 0. 0. 0. - 0. 
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. . 0. . 0. 0. 

A 

0. 
foy ‘ 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
0. 0. 0. 

V 
0. 0. 0. 0. 0. V 0. 0. 

fsy ' 0. 0. 0. 0. 0. 0. 0. » 0. 0. . 0. 
0." 0. 0. 0. 0. 0. . 0. 0. 0. 0. 
0. 0. 0. 0. '0. 0. 0. 0. 0. 0.

_ 

miy ’ 

0. 0. 0. O. 0. 0. 0.— - 0. 0. 0. 
- 0. 0. 0. 0. 0. '0. 0. 0. 0. 0. 

. 

. 0. O. 
V 

0. 0. 0. 0. 0. . 0. 0. 0. 
mi01y .00000441 .0142 .269 .0331 .0 .0383 .0763 .0452. .0235 .0 

.00118 .0 .0 .0 .0 .169 .0 .0000198 .0491 .0 

.0 .055 .00l09 .0000019l .0000986 .0101 .0233 .0 .0000401 .0 
mi02+03y 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

0. 0. - 0. 0. 0. 0. . 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 

_ 

0. 0- 
V 

0. » 0. 
mi04y .0000756 .00234 6.77 .0368 .0 . .0596 .0448- .0 .0 .0 

.0 .0 .0 .0 .0 .0 .0 
_ 

.0 .0 .0 
.0 .0 .0 ".0 .0 .0 .08 .0 .0 .0 

may‘ 0. 
. 

0. 0. 0. 0. 0. 0. 0. - 0. t 0. 
' 0. 0. 

‘ 

0. 0. 6 0. 0. 0. 0. 0. 0. 
0. - 0. 0. 0. 0. 0. 0. 0. 0. 0. 

ma01y . 0207 .0869 .156 .0442 .0 .0611 . 
-.00408~ .0188 .00678 .0 

.0 .0 .0 .0 .0 .000521 .0 .0 .0" .000272 

.0 .0028 .0 ‘ .0 .0 .0101 .0241 .0 .0 .138 
A 

ma02y 0. 0.‘ 0- 0. 0. 0. - 0. - 0. ' 0..‘ 0. 
‘0. 0. A 0. 0. ' 0.. 0. 0. 0. .0. 0. 
0-" -I 0-" On 0. 0. 0- 00 00 0-: 

.8...



mal7y 

ma18y 

ma19y 

67ll20y* 

coy 

uty+tsy 

try
‘ 

fiy 

csy 

ady
7 

tey 

0. 
0. 
0. 
.00O0403 
.0 
.0 
.0000803 
.0 
.0000823 
0. 
0. 
O. 
0. 
0. 
0. 
.0097376 
0. 
.0000004 
0. 
0. 
0. 
0. 
0. 
0. 

10. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
o. 
0. 
.25 
.0 
.098 
.ooo1o4 
.ooo935 
.093 

I 0‘ 
- 0O 
_0. 
0. 
0. 
0. 
.0455976 
.0000385 
0. 
0. 
0. 
0. 
0. 

‘ DC 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
O. 
0. 

c>c><:<: 

c>c>c>c>c>

I 

I 

0 U 

0. 
0. 
13.0 
.0 
.00070l 
.0577 
.0182 
.0ooo421 
0. 
0- 
0. 
0. 
0. 
0. 
19.99585 
0. 
.0000038 
0. 
C3 1 

GGOCD 

coco 

TABLE 10 
(continued) 

0. 0. 
0. 0. 
0. 0. 
.0125 .0 
.0 .0 
.0 ' .00O865 
.0144 .0 
.0111 .0 
.00000845 .000065 
0. 0. 
0. 0. 
O. 0. 
0. O. 
0. 0. 
0. 0. 
.0589549 0. 
.0000385 .0000057 
.0000004 . 

0. 0. 
0. O. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
'0. 0. 
0. . 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 

0. 
.99475l 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0- 

. 0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
.361 

' .000164 
.482 
.000794 
.0 
.0 
0. 
0. 
0. 
0. 
0. 
0. 
..00l5698 
.0000038 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
.712 
.00501 
.0 
.27 
.00002l7 
.0 
0. 
0. 
0. 
0. 
0. 
0. 
.0129263A 
.0000035 

'_ 00 
00 
0. 
.00453 
.138. 
.0 
.000321 
.000272 
.0 
0. 
0. 
0. 
0. 
0." 
0. 
.0. 
.000145 
0. - 

0. 
0. 
0. 
0. 
0. 

‘On 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
8.5 
.00 
.01 
.00 
.00 
.00 
0. 
0. 
0.. 
0. 
0. 
0. 
0.

9 
0126 
57 
00578 
236 
318 

.0000162 

.01 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

‘ 0. 
0. 

15009 

0C 

-69’-



ma03y* 

ma04y 

ma05y 

ma08y 

ma09y 

101+102 

mal2y 

mal3y 

maldy 

m;l5y 

maléy 

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0." 0. 
0. 0. 
0. 0. 
0. 0. 
.000O00082.00000899 
.0 .0

I 

.0 .0 
0. 0. 
0. 0. 
0. 0. 
.0021? .109 
.000006ll .0 
.O00l84 0.0 
.00l82 .0411 
.000000l .00049 
.0 .0 4 

.00000728 .00l07 

.000000l .00000046 

.000002 .00l4l 
0. 0. 
0. 0. 
0. 0. 
.0000060l .0000483 
.0000Ol07 .0000l98 
.00009l4. .0 
0. 0. 
0. 0. 
0. 0. 

0. 
0. 
0. 
0. 
0. 
0. A 

0. 
0. 
0_ . 

.00033 

.0 

.0 
0. 
0. 
0. 
8.33 
.0 
.0000061 
.493 
.0 
.000344 
.0001l7 
.00000964 
.0 
0. 

- 0. 
0. 
.00366 
.0 
.00000213 
0." 
0. 

" TABLE 10 
'”‘"Tcontinued) 

0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 

-0. 0. 0. 
0. 

b 

0. 0. 
.0000l3 .0 .00148 
.0 .0 .0 
.0 .00011l .0 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
.387. .0 . .495 
.00399 .0 .230 
.000001l9 .00184 0.0 
.0368 0.0 .0398 
.0 .0 .0 
.00000328 .O00746 .0107 
.00005l8 .0 .0567 
.O0825 0.0 .00473* 
.0000001. .0000021 .0 
0. 0. 0. 
0.. O. '0. 
0. 0.' - 0; - V 

.466 .0 - .0094? 

.0 .01 .0 

.0 .000000698.0 
0. 0. 0. 
0. 0. 0. 
0. 0 .. 0' OI 

0. 
0. 
0. 
0. 
0. 
0. 
0' 
0. 
0. 
.000l52 
.0 
.0 
0; 
0. 
0. 
.0362 
.O00l84 
.285 
2-6 
.0 
.0188 
.00234 
0.0 

.000185 

.00000581 

.827 
0. 
0. 
0. 

0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. 0. 
0. 0. - 0. 
0. 0. 0- 
0. 0. 0. 
.0 . .0 .000000644 
.000334 .0 .0 
.0 .000297 .0 
0. » 0.— 0. 
0. 0. 0. 
0. 0. 0. —_ . 

4.4 .728 . 00343 
.0000336 .0 .0133 
0.0 .000571 2.15 
.0037e .000446 .00257 
.O000984 .00O116 .0164

_ 

.0 
' 

.000594 .0284. 
.00103 .000954 . .0 
.00000245 0.0‘ .000046 
.00004a7 .000O061 .000122 
0. 0. 4- 0. 
0. -0. 0. 
0. 0. 0. 
.00201 .00000407 .000000072 
.000000388.0000218 .O000466 
.0 .000000678.000245 
0. 0. 10. 

0. 0. 0. \ 

.0. 0. 0. 

-05..



TABLE 10.1. 

ENVIRONMENT CARADA. INLAND WATERS DIRECTORATE, CNTARIO REGION. 
UPPER LAKES REFERENCE GROUP 

WASTE LOADING SIMULATION MODEL 

- ECONOMIC SUMMARY 
CAPITAL INVESTMENT ONLY 
SYNERGISTIC SCENARIO 

LAKE SUPERIOR 

INDUSTRIAL ' 

ITMIO1 122103 

- 1,332,520 $1,802,523 

$2,25k,3S6 $2,657,256. 

s2,a17,921 $3,050,397 

$2,199,227 s2,u29,205 

$2,570,013 ‘$2,953,097 

'53,32s,s39 
‘$9,683,702 $5,333,737 $319,106 

1961 CONSTANT DOLLARS 

DATE 0fl/20/76 

} RICIPBL 

cnuann 

_ 

Lats HURON 5 

MUNICIPAL INDUSTRIAL 

MTMIO1 fiwnxos ITMI01 ITMI03 MTMIO1 

$210,939 $210,939 ‘ $0,537,001 $0,537,031 550s,e2u 

$230,006 $1,669,007 _. "$0,050,738 Vs5,258,aa1 ‘$619,756 

s2u5,911 $266,719 $5,269,830’ ‘As5,7o0,11u $868,150 

$252,210 $1,222,039 
I 

su,a99,723 $5,406,001 
A 

$972,796 

‘$252,019 A $307,203 ' $6,205,292 $7,169,260 ‘«s1,0s5,a35 

$207,075 ‘ $731,195 $0,070,360 $10,117,391" $1,356,902 

‘$571,010 ’ I‘s12,230,92a 315,187,308 51,999,397. 

HTMI03 

6503,32: 

s1,6au,162 
’s717,392 
S7u6,614 
$900,959 

$1,233,627 
$851,690 

7 

~lS‘

—



ENVIRONMENT CANADA. INLAND WATERS DIRECTORATE: ONIAQIO REGIONo _ 

’ DATE 03/11/76. 
-__. - 1-1- ‘ ..1_. ..u1..M_”.-_.. ._-..1_“_.“I1ME _; 0°=57=25 '1. 

_UPPLR LAKES REFERENCE GROUP ' .~. , 

'. 

NASTELOADING SIMULATION MODEL 1 _ 
PAGE 1 

‘

' 

CANADA - . 

LAKE LOA6TN€§—§DMfiK§YT"1§73"f§€KTM€fi?"EF§0hT 

20AD1N6s FOR 1974. IN Meréxc TONNES. 

1 

LAKE SUPERIOR ‘- « 

‘ LAKE HURON 

; 

PARAMETER MUNIc1PAL INDUSTRIAL TOTAL , 
CALIBRATED TOTAL -MUNICIPAL INDUSTRIAL TOTAL CALIBRATEQ TOTAL 

E PHOsPnUaU$ 172 ’ 114 205 1.157 169 
‘ 279 ' 

- 449 ’ 3.ng3 
3 hX1R0b&N 1.123 2.390 -3.510‘ 9Zv91L;___________}{9}6 10.412 »7 11.044 2n.913_______ 

015$ s0L10 19.020 440.561 ' - 460.356 3.012.690 24.949 717.772 742.720 3.604.189 
cnpcxxua ’ 2.705 2.704 5.409 233.666 ’ 

- A 3.407 - 75.352 '7n.n3n 
_ 

-227.501 
SXLICA _w______”_~ 411_____“_ 2.379 ______ '2-790 

_ _ 
153.461 _.A”_ - 453 27.470 

_ 

27.930 09.075 
5059 s0L10 3.263 - 29-206 - 32.549 307.265 

_ 

4.549 ’ 55.407 59.955 211.113 
01L 144 177.103‘. 177.327 - 0- A 526 184.631 135.150 0 

SULPHUR 2.254 6.411 8a_¢.§4 ' 

A 31_t_)_.;>l_4'2 2..64_f9 6 6$_;_1_18_8 6F1..__2,}A'_7 5_o9._<=p_3_ 1 

NHJ 767 34.075 34.642 6.650 1.62? A 

’ 21.405 23.033 1.246 6"" 

Pn;HOL 1 109 ~ 190 . 364 2 201 203 6 121 Iv 

-_._CY*“10E_..__.__;.1 1°1-,_-__m.. 19.-._2- .... 1 55..1“_ _ 990 31mn_-W-.. . 

34‘ 
. .--w 31 m-"._ 65 . 263 1 

' ‘ .'«LU./..II.'UN'.‘ 5Q). (:81 - 10222 26v1“45 10149 - 266 10415 30569 
b0nQh 0 

. 
23 '- 23 . 

' 

0 0 1.061 . 1.061 0 

Ekcfllhfi - 
- 0 14 - 14 0 . 

. 0 ' 646 646 __o 
CAUMIUM 0 1 1 273 0 14 14 541 
cALc1uM 2.255 12.454 14.710 179.069 4.787‘ ‘ 95.373 10fl.160' 3.223.463 
_ChHCMIUM 1 13. _14_ 4_' a4n__________;_;_ 1;m;;___“”w_99“__;-_-.3 101____~_ 322_ M____ 

' coepam . 5 
_ 

16 22 345.000 -1 ' 5. 14 .’ 19 2.076 
P100410: 68 ‘ 61 

‘ 129 2.537 ' 144 
3 

377 521 5.406 
IRUH 63 1.346 1.428 12.500 - ~ '98 . 3.0349 3.133 10.272 
LLAO 4 3 A 7 1.302 . 4 30 34 2.263 
MAUHESIUM 677 _ 

'1.557 ‘ 2.253 132.139 - '_ 871 . 
16.736 . 

17.609 162.980 
ynncggasa . b_ ,,21 4271 5.760 14 _264 _277 ,1.2ae ______ 
MEMCURY 0 0 - .0 , 

4- - 

A 

~ 0 5 . 1 
‘ 

1 2 

NICKEL , 1 58- ,. 
' 58 

_ 

1.493 ': -A 1 
_ _ 

95 . 96 3.374 
P07Ass1uM 370, . 1.267 - 1.636 75.574 . 705 .12.1a0 12.965 32.922 
50010» 1.094 24.394 ‘ 26.267 146.040 . 4.021 .. 75.709 79.810 199.102 
TIIANIUM 0 703 703 0- 

, 

V 

. 0 
' 208 » 

- "205 
. 0 

216C 9 ..9 __w59 N b8 V;“m490_________;_*r.” 10 “_89; .,..99________h2.150________ 

; 

500 
_ 

-~ 5.863 3. 
99.001 . 104.864 ' 171.469 12.446 40.567 53.013 62-000 

T?£fl1E;1A2.____1_.___.--,--“_.1- ._"1________

4

~
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TY.“_’E 093573-3.§‘..__ _ UPPER LAKES RFFERENCE GROUP -

. 

wASTELeADING SYMUtATIOH MODEL a PAGF 2 
_ __ _ _CI\NI\D!\ ' 

LAKE Lo/xoffies SUMMARW 1973”TREATMEN? EFFQPI 

______;______________.A_______ -LOAOINGS FOR 1980» IN METRIC TONNES. . -., 

LAKE SUPERIOR LAKE HURON 
PAH.b3-‘.E'5'E'.R MUNICLPAL INDUSTRIAL TOTAL‘ CALIBRATED TOTAL MUNICIPAL :NDUSTR1vAL TOTAL, . CQHQRATED TOTAL 

PHOSPh0RUS 185 157 341 1:212 » 195 . 379 
_ 

s7u— 3-208 
“1TR0Gt-'° 19.3.98 53.21;? »L4..'.‘.‘..2.1' _98v'822 _1.r€21.9 _!§..-_':'>..0_9 1.5_v_.1?.0 21¢-195 
.0155 SOLID 21:53: 6131763 63So098 _3a187a308 28917! 19009287“ ’ lv03Re051 §o8§9o519 
CHLORldt 2:912 3v8”5 60717 23u.n9u 3:935 106rR27 10°o762 "25ns5x5 

____ _s1L1cr. _________ Am; 
, 

3.-sun 
. 

3.2783 
, 

15tm:53 516 318.575 30.1% 1n1‘..23e 
'SU:l-" 501.10 3.50-5 ‘<}Uo.'H'x2 lL3v8u-7_ 318-583 seat»-'1 73»u9o 78.73n é?.9sa87

' 

_0lL 15!: 255-use 2569156 789858 607 266-787' 267.39‘? ‘H2037
I "SULPHUR 2:925 &;§Q7 11a321 3131199 3:218 92;}83 9§¢900 6;1gnn1, 

HHJ 825 u7oj13 489137 '19o947 1:791‘ 29a770 
_ 319561 ‘ 9o77u ts PHth0L 1 ' 273, 274 N47 

_ 

2 290 ' 292 _?10 _ 

___.___CY**f-ICE 1".____.--....-.._. 28 .,__-_._-_. ‘*5 .2 .. 2. 999. ., 36 ., .. .. «+3 .__-.- 52 no ' 

. 'AL.u.~1nu;-1 582' ‘9u5 1-527 . 26.1151 ‘ 1:265 7 '372 1:635 3:789 
ao»<c.‘.a 0 33 :53 

' 10 0 1~501 1.501 ‘mu 
l1Hu.‘~-IMI u 210 20 _p . 0 - 915 919 953 
CApuxuM U 1 2 273 0 21 21 — SM? 
CALCIUM 2:426 17o252 19r678 1849037 -5:267 1331136 1381003 -3oZ6Xo7fl6 
CHHOMIQM 1 17’ 13. 

V_ 
952 ____ — _139_ _ =1tm.._.-....._._ 362 . - 

COPPER 5 22 28 345.094 5 F 19 ' 25 2.083 
FLUURIGE 7: 

Z 
88_ 161 2:569 158 535 69a S1579 

Ikun 89 1.932 2.021 13._n_g2 112 u».3.31 u.uu3 11._s_s2 
LEAD‘ . L; 4+ 8' 1.382 I 5 

_ _V 

' 142 - an ?o?76 
HAuhESIUM 728 21175 29903 132-809 98% ' 230543 2NvS27 169.9n7 
r;.Ar.u,m_:.-‘_SE __'I 2.9 35 _5.769______ _____'_1u______ . _____373____ ____355 ,_1.3918 .__ 
HEHCURY U 0 0 4 0 ' 1 1 - 2 
NILKEL 1_ 82 83 1:517 ’ 1 135 137 3:916 
Ponssxum 395. 1 . 755 2» 1534 75 .1_n_r: as}: 17. 033 17.997 37 . esp 
Soulum 2:038‘ _35o895 359932 ’LS6pH84 vu.a2u 107o029 - 111ruS3 230v745 
TITANIUM ' U 976 .976 273 

_ 
0 ‘ 289 ' 280 81 we .10 um-.. » 93-. _. 

522 12. M- ._12s__ __. . :37. .2.1a-8 
‘ 

BOU 69308 1370402 1439710 2100316’ '- 13069“ ' 559632 69v326‘ 78v313 

TABLE; 1.2

~ ~ 

-. . . .. -.... .._....... .j...,....... ..
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WASTELOAOING SIMULATION MODEL PAGE 3 
_ _ __ _ . CANADA 

LAKE LOADfN5§.§UfiHKfi97_1§T5"T§E3TMENT’E§?0RT 

..........-..-.~...»- 4.. . .~.- 

”’"""'2S676n2""" 

. 
.[1.'r.AI2.»IéE: .13.... g__ - -..,. ..- -....._—..u....... 4 , 

-. -- 

'”97.1se 

...-6....»-.........1. .. . . .... . 

_____m_ ,“_"”hw _ ,_4 pH_ LOADINGS FOR 1935. IN METRIC TONNES. 
_ 

.9, 

.LAKE SUPERIOR LAKE HURON 

PARAMETER 
_ 

MUNICIPAL INDUSTRIAL TOTAL . CALIBRATFD TOTAL » MUNICIPAL_ INDUSTRIAL TOTAL CALTRPATEQ TOTAL 

PHUSPMORUS. 196 200 “03 1.27“ 220 H79 698 -3.332 
NITROGEN 1.283 4.}u1 sigga 99,g2u 1pQOA 16.768 13.577 . . g1.5g; 
D155 soL1o 2Z.b82 e1b.ou9 337.731 3.39n.ou1 31.387 19299-205 1.330.592 3.192.060 
CHLORIDE 3.095 4.379 7.97u 236.151 “.382 13u.u89 138.871 '287.62u 

____s1L1cA ”W__r___W” 471 q_m___‘ 4.367.__w__, «.837 155.507 
_ 

576 50.388 }_ 50.959 113;n1o 
SUUP SOLID 3.715‘ 53.180 56-895 331.611 5.870 92.382 90.260 2Q9o"17 
01L 162 331.595 331.687 15u.359 

_ 
682 395.299 345.981 16n.n23 I 

SULPHUR 2.578 11.798 11.304 316.183 3.589 117.935 121.019 662.705 
HH3 877 63.116 63.993 35.802 1.992 39.198 41.189. ‘19.u02 Jr 
PMLLOL 1 35@ 355 528 3 379 377 299 . 

’CYANIDEM______“___‘ 19J"_ ______ 36‘__ 55 ___h_,1.009 "_“_m~.__h“"., H2 . “_m” “U” S6N._m-_m.. 96 
ALUMINUM 619 1.263 1.882 26.805 1.906 u91 1.806 u.n5o 
BOHCN 0 uz 42 19 0 1.921 1.921 "R60 
CRUHIHE U 26_ 29 12 0 1.171 1.171 525 
CALMIUM u 2 2 9 27a 0 26' 27 S53 
CALCIUM 2.579 22.602 25.181 189.540 -5.857 170.610 176.068 3.299.771 
ucnxcmlum 1‘ "23 23 ___ 858 2 _“176 178. ;;;h 000 _______ __ 
Cowrex 6 28 33 345.100 6 an 31 2.088 
FLUCHIDE 77 119 192 2.600 176 683 . 859 50795 
IRUH 95 2.513" 2.607 13.678. 125 5.556 5.681 12;§21 
LEAD - 5 u 10 17384 5 54 so -2.289 
mAonLsIUM 77u 2.e51 3.625 133.531 1.095 30.995 31.5u1 176.920 . 

MAHGg&ESE ' 

I _M3e us _5.77a___;_____"___ _16 use W,u99‘ 1.5oa>_m__"__ 
MERCURY 0 o ,0 4 0 2 2 2‘ 
NILKEL 1 106 107 1.502 2 175 176. 3.854 
POTASSIUM 923 2.303 ‘ 2.186 76;66u 960 21.923 »22.8a3 u2.auo 
SODIUM 2.166 45.132 97.299 167.851. u.92fl. 137.027 _1u1.9u7_ _261.239 
T1T;u1UM 0 1.303_ 1.303 600 0 386 386 178 
Z.1..5*C ..-1° ...._1°.9 . 

11’-9- 5*” ...____._._...._. 13____..__.._.__....;152 .__.. .175 ..2'22S._______. 
UOU 6.706 105.290 189.996 159229 . 7219“0 88!169
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WASTELOADING SIMULATION MODEL '_ PAGE 9 

______ “_ ____ 
010000 

LAKE L0A0iN0§"5uMMARY. 1973 TREATMENT EFFORT 

____”_.___11_1.___ -1. ._- 5 ._L“ '.L°AD1NG$ FOR 1990? IN METRIC T°NNE5~ ‘- 

LAKE 50250100 LAKE HURON 

PARAMETER MUNICIPAL. INDUSTRIAL TOTAL CALIBRATED TOTAL MUNICIPAL INDUSTRIAL TOTAL CALIBRATEO TOTAL 

pnospaonus 207 203 V050 1.320 209 535 329 3.962
’ 

u1'na.o<.an 1.355 «+~.9_1a __g=._._27I. 1_o,0.,_675_ 2_._017 20._361 2.3.377 31.002 

0155 5oL10 29.009 952.015 976o819 3.529.129 30.031 1.572.009 1.606.835 9-960-303 

CHLORIDE 3.275 5.007 9.153 237.300. 0.053 166.390 171.253 320.006 

_$1LICfl ____ ___ _ 
490_____"_”_5.350____ _ _5.0u7 _,, 156.510 600 62.020 __ 62.660 120.709 

SUSP SOLID 3:916 62.!-900 _ 
66.317 3lH...03_3 

' 60529 111.757 119.285 269.1342 

01L 168 000.550 000.826 '223.u99 . 759 017.501 910.299 233.101 . 

SULPHUR 2.720 13.033 16.561 310.900 3.97] 196156? 150.300 692.131 -; 

NH.) , 

926 73:51? 7lul+lHs 46.250. 27237 46.939 139.175 27.398 \n
V 

PHLHOL 1 026 027 001 3 050 use 370
, 

_______C'YA.'.IUE _ 20 _ u3.-_.__...-..-. 63 1.017 w__________ _~ 98 ._ 68 ______.A_ 116. 310 

ALuM1upM 655 1.060 1- 2.123 27.005 ‘ 1.579 
_ 

.505 2.15u_ 0.317 

50500 0 50 55 32 0 2.975 32.075 1.u1u 

eaoxxna 0 33 33 19 0 1.500 1.500 Ag; 

CAUFIIUM 
, 

U 2 15 2'79 1 1 . :52 33 S59 

CALCIUM 2v730 26.903 29.633 193.991 6.57? 212.602 219.173 3.392.481 

'CHl*(C!-TIL)?-1 J, 
‘?’7 M27 862 _ 

2 __ ___212 21.3 ‘____w' 1:35 ____ 

‘“"'c0Psen 6 32 39. 305.105» . 
7 30 36 2.090 

FLUCRICE 02 130 220 2.628- 2197 003 1.000 5.926 

won 100 3.021 3.12_‘_1_ 19.192 139 5.837 5.976 19.115 

Lthb 6 5 11 1.305 ‘ 6 ' 68 70 2.302 

000055100 3.052 0.271 139.177 1.216 35.110 39.325 130.705 

__ M.:u<5_AI_.1-:_§_:-; ___‘ 0.5 _ 53 __5.786 18 595 ______613 
‘ 

_ 1 -629 

3.¢.E-_I~.<CUHY 0 0 0 . 
lb 0 2 2» 3 

NIQAEL 1 120 129 1.563 2 213 215 3.993 

POTASSIUMV 407 2.775 3.226 77.163 1.078 27.123 20.202 00.159 _ 

SCUIUM 2.293 52.600 50.937 175.539 5.525 170.205 175.730 295.021 

-T11ANIUM 0 1.515 .1.515 ' 812 ~ 0 409 . nun 290 

ZLNC- __111 _ .129 ._1..1“°;.L.-_1 “.568w.M___-.___- .1 1“m__m_._,w1_196 ___ , 211______ 122261, ___._ 

000 7.097 213.250 220.355 205.961 17.101 - 55.913 103.019 112.001 

-....._.u..-........... .. ...... ....« 
.'1.i’ABLE .14.. .. . .......... ....... 

.1“ 
.4’ 

.-—.—.—.-——-’ -~--. . .
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‘LAKE LCADINGS SUMMARY: 1973 TREATMENT EFFORT 

—.—___.....__..__......._.....———.._...-........ .. ;. .._._............_...... 
LoA0IN6s FOR 2000. IN METRIC TQNNES.

~

~ ~ 

LAKE SUPERIOR 
* 

. LAKE HURON _ 

PARAMETER MUNICIPAL INDUSTRIAL _ 

TOTAL CALIBRATED TOTAL MUNICIPAL INDUSTRIAL . 
TOTAL CALIBRATEO TOTAL 

PhuSPHORUS 223 . 

» 331 559 = 1.925 _ 292 ' 
- 

’ 895 1.137 3.770 

I NlTN06hN 11565 6v5“9 -8:915 1Q2vZ15 ' €151“ - 297280 311399 521965 

: 
0155 suLI0 25.979 9 1.309.032 1.330.011 ‘ 3.002.321 5 91.972 2.250.570 2.296.050 5.157.510 

cuLunIu; 3.595 0.034 
_ 

11.979 200.156 5.739 205.296 251.035 399.703 
- s1L1c1” H1537 _a.1e9_ mV_a.727 w".“_»159.397 WM_1..,“_, 769 _. , 

94.961 __". 95.725 157.771 

susv soL1o 9.213 65.767 09.901 369.697 ‘7.012 159.013 166.824 317.992 

Q]__l_, 
V 177 592.573 592.750 v.15.n2.'-.‘- 

. 

910 617.853 6111.763 4253.605 

suLvH0n 2.953 19.159 22.112 3233990 - «.735 210.120 222.659 764.501‘ . 

HHJ ' 1.009 100.007 1o1.012- 
9 

72.821 . 
2.699‘ 

_ 

68.108 .70.0n7 09.019 

PHhHOL1 1 I 
626 627 ' 

_ 

001 - 9 - 670 
, 

I 
— 670 591 3: 

§YAh1DE_ _.221 .2.65 1 86.____,1. 1.040.wu-_".L_m,. 56 ..»1n 1. 102 ..._w1 155 . 

‘ 356 F- 

ALUI-":IhuM 709 1.986 ‘.2v696 
3 27.616 - 

‘ 1.905 I 
822 2.727 u.n0_1- ‘ 

aohou , 

_U 85. ' 

. 
. 

85 ‘ 61 ' 

' 

0 
_ 

3.3142 3.893 2.782 

eaonuus - 0 51 . 51 V 37 0 21393 2.303 1-596 

CAubiuM u u 0 - 275 ' 1 . 
09’ 50 575 

CALCIuM « 2.955 30.196. 91.151 205.510 . 7.938 
_ 

322.376 330.314 3.953.617 

cHxoNIpM 1 __“50 A "39 1- 873_, ,-. ?“__.__1m.“.310,_____1__§ 311______. 34 .“1___. 

covran . 
7 

_ 
_ 

us 52 3u5.119~ ' 8 ' 42. 
_ 

50 _ 

2.109 

FLUCRKDE as 203 291 2.699 239 ‘ 1.299 1.902 6.367 

IRUA 108 u.u1u «.522 15.593 _ 

166 10.136 . 

' 10.301 17.991 4_ 

.; LEAD 6 7 19 13300 _ 

7 100 107 5 2.336 
* HAbhES1UM 886 S-088 5.973 135.880 _ 

1.997 . 58.538 59.985 205.365 

3 
.»_:A:.5AN1_:sE 8 63 76 ~ _'23 __e90 

' 

. __921 __1.931 ________'____ 

V5 mancuav 0 0 _0- 
' u 

' 

A 

. 0 A 7» 4 9 u 

3 

NICNEL . 1 6 188 189 _ 
1.624 =2 317 I 319 3.597 

, POTASSIUM uau . 
u.o67. 0.531 70.989 1.302 u0.a§2 -' u2.1a3.- 62.190 , 

souzum 2.402 71.300 79.363 19u.91u 
_ 

6.668 252.ue7 259.155 37a.uu6 

TITANIUM 0 2.099. 2.049 1.396 0 ’ "607 607 ' ‘399 . 

ZINC 12 "151 
' ._«193V _»fi622"_________“___16 

‘ 207 309 2.3Sw_______ 

sbu 7.661 239.135 296.567 363.973 , 
20.539 118.442 139.032 196.063 

TABLE 15

~
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CANADA ' ' 

LAKE LOADINGS SUMMARY. 1973 TREATMENT EFFORT 

__ ___ __ ___ _ Lono1N5s FOR 2o1n. IN METRIC Townes. _ 

LAKE supsnron . 

.. LAKE HURON 

PARANETER MUNICIPAL INDUSTRIAL" VTOTAL CALIBRATED TOTAL MUNICIPAL .INDUSTRIAL TOTAL‘ cAL1aRAIFn TOTAL 

PHuSPhoRus . ans » n69 '712 - 1.582 - 351 71.235 1.59n u.22u 
NITROGEN 1v601 91733 

' 

111399 1052791 21929 914538 ' #92998 532539 5 
0155 soL1o 26.u17 1.a5u.211 . 1.882.626 u.u3u.936 u9.765 3.293.512 3.3u3.27n 6.2nu.7u7 

, 

CHLORIDE . 3.878 12.331 15.259 249.1136 6.945’ . 36.6.1.9} 373.t.3r\ 522.191 

5 

_2__SILICA.;__;_____.- 557..____2 13.o6o_ _._13.657 “”m___16u.3oa ;p“m_____ 92n..1... 150.666 __"_ 351.586 213.631 
~ susr soL1o 4.579 ‘ 122.210 1269738. I uo1.5eu 9.u21 229.550 

A 

23n.971 I 39n.12a 
o1L 185 ' 

. 916.955 917.196 739.519 1.099 956.155 ‘ 957.251 772-"96
, 

SULPHUR 3v229 ' 27v5Q8 -30.758 - 332.617 5.653 - 329.u51 - 335.153 ' a16.n2q________ 
nus - 1.099 . 

- 141.576 1u2.675 119.984 3.270 103.036 1n6.3n5 su.51a _gg 
PH'r_I:0L - 1 963 965 -. 1.139 44 1.035 1.039 "957 

______cnu;1uE _v23 “__1no1_________m 123 __N____‘_ 1.n77 ’ 69 V__ 155 I 
221: 

. _ , 
422 ' 

ALUMINUM 77b 2.795 . 3.571 2n.u9u 2.309 1.193 . 
3.501 1 5-655 

eokuu U 
. 

I 132 132 1n9 A n 
, 

. 
6.n16 - 6.016 » «.959 

enunxua o n1 ' 81 . 67 - o 3.667 - 3.667 3.020 A 

cAuFIum u - 5 S » 
6 277 1 

» 

77 \a 6ou 
CALCIUM 3.232_ 56.580 59.312 22u.171 A 

- 9.617 5o3.uo7 513.021 3.636.327 
CHHL«1‘~‘-IUP-1 1 ____ 5.9 . __ 5e_ _, a9~3_ Z'~_______'___“_ 1.85 ______. _ 

I-me ________H__ 709 _,______ 
C_OPF-‘LR - 8 6-7 

' 

75 
b 

345.1411 10 . 64. . 71. 
‘ 

2.131 
FLUCRIUE 97 1 310 n07 2.815 ' 

- 289 10870 2.155 7.nu3 

; 

IROL 118 A »6r7hH 6.862 - 17.933- — 

' 199 . 
. 15.u19 15.61n5- 22.757 , 

- Lthfi b 11 - 17 ‘ 1.391 — 
- 9 1u9 A 

I 158 2.337 
. MAvuESIUM 969 7.7au .a.753 

2 

138.660 1.736 92.169 93.905 239.255 
’ _¥»’-\M..l‘~i.‘ESE 9 ' 

. _‘1nls __ 113 _ 
- 

_ 5.ats7_,______ _________‘_’ 27’______‘ _ 1. 396,_____________‘1-l+23___________ 2v“33 _.,..___.. 
"“'uexcuHr ' 

. u o 1 o‘ u 
‘ 

o u 5 5 

hlCKLL 1 289 291 1.725 I 
3' us7 - u9o .3.767 

POTASSIUM A . 530 * 
— 6.1n7 6.717 , eo.65u ~L 1.577 63.1au 6u.76a 65.115 

.sou1um - 2.719 101.930 ‘ 1n4.6uu 2257196 8.078 3so.ua3 58fl.S62 5o7.ns3 
TI1ANIu:~1 0 2.884 1- 2.859 2.181 - 

' 0 . 85!. 55:. 6% 
ZLEC - 13 _267 _ 

280 ;__“7oe_____ ___ 20 h_432 I ”,_BS2____._m_2r50J_________ 
aou 8.402 . .uo7.eu6 _ 

u16.2u9 . 482.355 ‘ 25.009 168.651 ‘ 193.655 2o2.6u2 

TABLE 16 I
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' ENVIRONMFNT CANADA. INLAND wnvsns o1nec7ouATE. ONIARZO REGION. DATE , 
03/11/76 

' 

\ 
‘ 

' ___._____J.I~e.-.-_ 09:57:46 
V - UPPER LAKES RFFERENCE GROUP ‘ 

WASTELOADING-SIMULATION MODEL '.- PAGE 7 
__.____. ...__._L .. _. .. 

CANADA 

LAKE LoA01N6s SUMMARY. 1973 TREATMENT EFFORT 

___ _ __ _ __ _______ __ ;_-LOADIN6S FOR 2020. IN METRIC ?0NNESo _ .V__ .; 

LAKE SUPERIOR LAKE HURON 

PARAfiE?ER MUNICIPAL INDUSTRIAL ‘ TOTAL CALIBRATED TOTAL MUNICIPAL‘. INDUSTRIAL TOTAL cALIaRATEo TOTAL 

PHOSPHORUS 266 700 967 1.636 427 19887 2.314 4.942 
»”“H0GEh 1'79? 191796 1§z99$_______11Q=669 3150“ $11518 95190? _74.“6a_______ 
01:5 soL1o 31.234 2.792.005 2.023.239 5.375.549 60.505 5.003.948 5.064.453 7.925.921 
cHLon106 4.262 — 19.020 23.290 251.467 0.444 ~ 567.763 576.207 724.°60 
51L_1cA___ _644 _21.744_ ~22.388 _ 173.058 _____‘______A_.__,1.12n 2.49.455 _,__.,,_ 250.574 312-620 
5052 SOLID 5.000 134.244 169.245 - 463.961 11.457 . 345.413 356.075 500.033 

' OIL 201 * 1.504.536 - 1.504.730 1.327.411 - 1.3394 -1.566.400 1.569.019 1.384.661
I SULPHUR 3'550 ' 41-799 A “S-598 3411227 69997 - 51§;13J_______§25.§39____1;9§J;3a5______; 

H65 1.208 212.534 213.742 105.550 4.073 164.320 168.393 146.606 :5 PHELOL 2 1.572 1.573 .1.746. 4 1.69o- 1.695 1.613 . 

- ___2_§YAh10E 25 .1631 H .189 __. .1. 19143 _-¢.-«".-”_... 86 "2. .- _ 249.;_... . 336 111 534 .' 
ALLm1nuM 052 4.172 5.026 29.940 4 2.576 1.037 4.712 6.866 
Bowen‘ 0 _21n ' 210 194 ' 0 9.211 9.912 6.051 
Gaoxlufi 0 133 133 119 n 6.042 6.042 51195 
CAU;.:1u:4 U 3 9 281 1 127 127 653 
CALCIUM 3.552 88.896 92.450 ‘ ~256.609 11.960 029.364 -841.344 3.964.643 
cuxcmzym .1 95 u_95 930 

_ _ _ _ . _ , .3_”____,” _ e14;______2H e17____.1-1.040. ._.__ 
' corpaa 0 

. 
104 113 « 345.179 1 13 ‘ 

. 
101 113 2.171 

FLUORIDE 106 503 "610 .3.o10 359 ‘- 2.925 3.205 3.170 
IRON 130 10.934 11.063 22.135 242 24.560 24.022 31.961 
LEAD 7 . 

16‘ 23 1.390 2 11 \ 233 "244 2.472 
HAULESIUM 1.066 12.534 13.600 143.507 2.111 152.166 154.276 299.656 
HANGAfiS§E 10 _171 mlbl 5.9142 ___33_ 2.259 ._2.292_____ .3.303 .._._ 
KLRCURY u 

' 

1 1 4 0 8 n 0 
NICKEL 2 472- . 473 1.907 3 _7a7 791 4.n69 
POTASSIUM 502. 9.913 —1o.495 04.433 1.965 101.920 103.883 123.340 
SOUIUVI 29984 1539208 -1569191 27697134 109063 5979676 6079739 7279031. 
TITANIUM 0 4.302 4.302 3.599 0 1.274 1.274 1.066 
zguc __m14 _u419 __433 _"__861_ — 

____ _,24 ”_681 ____h 706 . ’.m22756 
600 ‘9.236 609.957 619.194 685.799 31.146 253.376 204.523 293.510 

.'I‘1‘§9*“:1.1_Z._- ._._ -__ . - _-



YEAR 

1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993' 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 

'1 

115748. 
117033. 
118332. 
119645. 
120973. 
122316. 
123674. 
125047. 
126435. 
127838. 
129257. 
130692. 
132143. 
133609. 
135092. 
136592. 
138108. 
139641. 
141191. 
142758. 
144343. 
145945. 
147565. 
149203. 
150859. 
152534. 
154227. 
155939. 

' 157670. 
159420. 
161190. 
162979. 
164788. 

. 
- 59 - 

TABLE 18 
BASIN POPULATION 

SYNERGISTIC SCENARIO

2 

26391. 
26684. 
26980. 
27280. 
27582. 
27889. 
28198. 
28511. 
28828. 
29148. 
29471. 
29798. 
30129. 
30463. 
30802. 
31144. 
31489. 
31839. 
32192. 
32549. 
32911. 
33276. 
33645. 
34019. 
34397. 
34778. 
'35164. 
35555. 
35949. 
36348. 
36752.‘ 
37160. 
37572. 

6417. 
6481. 
6545. 
6609. 
6675. 
6741. 
6808. 
6875. 
6943. 
7012. 
7081. 
7151. 
7222. 
7294. 
7366. 

. 
7439. 
7513. 
7587. 
7662. 
7738. 
7814. 
7892. 
7970. 
8049. 
8129. 
8209. 
8290. 
8372. 
8455. 
8539. 
8623. 
8709. 
8795.

4 

102503. 
103641. 
104791. 
105954. 
107130. 
108320. 
109522. 
110738. 
111967. 
113210. 
114466. 
115737. 
‘117022. 
118320. 
119634. 
120962. 
122304. 
123662. 
125035. 
126423. 
127826. 
129245. 
130679. 
132130. 
133597. 
135079. 
136579. 
138095. 
139628. 
141178. 
142745. 
144329. 
145931.

5 

261304. 
264204. 
267137. 
270102. 
273100. 
276132. 
279197. 
282296. 
285430. 
288598. 
291801. 
295040. 
298315. 
301626. 
304975. 
308360. 
311783. 
315243. 
318743. 
322281. 
325858. 
329475. 
333132. 
336830. 
340569. 
344349. 
348171. 
352036. 
355944.. 
359894. 
363889. 
367928.‘ 
372012. 

. 6 

407120. 
410621. 
414153. 
417714. 
421307. 
424930. 
428584. 
432270. 
435988. 
439737. 
443519. 
447333.1 
451180. 
455060. 
458974.’ 
462921. 
466902. 
470917. 
474967. 
479052. 
483172. 
487327. 
491518. 
495745. 
»500009. 
504309. 
508646. 
513020. 
517432. 
521882. 
526370. 
530897. 
535463.

7 

167408. 
168479. 
169558. 
170643. 
171735. 
172834. 
173940. 
175053. 
176174. 
177301. 
178436. 
179578. 
180727. 
181884. 
183048. 
184220. 
185399.. 
186585. 
187779.. 
188981. 
190190. 
191408. 
192633. 
193866. 
195106. 
196355. 
197612. 
198876. 
200149. 
201430. 
202719. 
204017. 
205322.



YEAR" 

2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014' 
_2015 
2016 
2017 
2018 
2019 

4.2020

1 

166617. 
168466. 
170336. - 

172227. 
174139. 
176072. 
178026. 
180002. 
182000. 
184020. 
186063. 
188128. 
190217. 
192328. 
194463. 
196621.

2 

37989. 
38411.‘ 
38837. 
39268. 
39704. 
40145. 
40591. 
41041. 
41497. 
41957. 
42423. 
42894. 
43370. 
43852. 
44338. 
44830. 

- so - 

TABLE 18 ’ 

(continued) 

8882. 
8970. 
9059. 
9149. 
9239. 
9331. 
9423. 
9516. 
9610. 
9706. 
9802. 
9899. 
9997. 

10096. 
10196. 
10297.

4 

7147551. 
149189. 
150845. 
152519. 
154212. 
155924. 
157655. 
159405. 
161174. 
162963. 
164772. 
166601. 
168450. 
170320. 
172211. 
174122.

5 

376142. 
380317. 
384539. 
388807. 
393123. 
397486. 
401898. 
406359. 

7 410870. 
415431. 
420042. 
424704. 
429419. 
434185. 
439005. 
443878.

6 

540068. 
544712. 
549397. 
554122. 
.558887. 
563693. 
568541. 
573431. 
578362. 
583336. 
588353. 
593413. ' 

598516. 
603663. 
608855. 
614091. 

'7 

206636. 
207959. 3 
209290. 
210629. 
211977._ 
213334. 
214699. 
216073. 
217456. 
218848. 
220249. 
221658. 
223077. 
224504. 
225941. 
227387. 

__ 

._..__._.... 

._.._.._..
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TABLE 19 

0 A 

MUNICIPAL CHANGE FACTORS 
SYNERGISTIC SCENARIO 

1972 chmfac 
1973 
1974 
1975 
1976 
1977 
1978 
1979 - 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

_ 
1992 . 1993 
1994 
1995 
1996 
1997 
1998 
1999 
"2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 ~ 

2013 
2014 

” 2015 
2016 

» 2017 O 2018 
2019 
2020 

I-‘I-'9-‘Iv-'

I
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I

‘

0 oo 

o

n |—‘UuobU'lbJ 

:

n
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KDKDOOCDOOOCD!-‘I-‘F-‘i-'I—'|-"1-‘OCDGOOO 

~J\O|--‘U0-bU'lO'\-l\O 

O
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TABLE 20 

INDUSTRIAL CHANGE FACTORS 
SYNERGISTIC SCENARIO 

1972 
1973 
1974 
1975 
1976. 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996' 
1997 
1998 
1999 
2000 
2001 
.2002 
2003 
2004 
2005 
2006 
-2007 

~ 2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 

chwfac 

chwfac 

chwfac 

chwfac 

chwfac 

chwfac 

chwfac 

chwfac 

chwfac 

chwfac 

chwfac 

chwfac 

chwfac 

chwfac 

chwfac
V 

chwfac 

chwfac 

chwfac 

chwfac 
' chwfac 

chwfac 

chwfac 

chwfac 

0.0 
0.0 
0.0 
0.0 
0.0 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 ’ 

0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
‘0.02061 
0.02061 
0.02061 
0.02061 
0.02061‘ 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061" 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061 
0.02061
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TABLE 21 

DESIRED TREATMENT LEVEL 
SYNERGISTIC SCENARIO 

6666666666nDr06rD6rOrO7_/77777777771./,w/77/7WI_/71177778888888 
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1.1+?u9u9aQaQ4Q44.A.4:5.D.brOk0f:fi/QufluQuQJQJ 

T?l.z.A 

666666666666666667777./7777777777777./77.7777888oo8oo8

O 

coyotenoscou-Icons-ouocouunccu-naouuucoovoocuuu 

34566711880499 

1l22233.34445566671788899 

1122 

6666666666666666677771711177777771./_II~:I.vI_1I—/—rI_.l~..I~:J_/_/88 

8888 

c-nooonuoucoo-ucu-coco-occauououuuu-canusecocoon 

000000000000000000000000000OOOOOOOOOOOOOOOOOOOOOO 

345667788999 

ll2223334445566671I8889QJ 

1122 

6666666666666666.677.11-/.1111./—:I_..l_:I_:I—:I7I_.l_:I.~:I7771771“/7./fiI8oOOO88O08

n 

0

. 

I 

O

O 

O 

I

0 

case 

u. 

uuoonoooouuouuunucoun 

announces-oven: 

3456671188999 

0099 

1122 

77788888800

0 

.lW_2223334.4455666../78 

77 

777777 

I 

O

C 

Q 

U

0 

u 

0 

C

O

3

n 

0000000000 

666r0,6.6666666666667 

77711771771177 

0

O 

C 

U 

I

O 

O

I 

O 

one 

o 

cacao.

u 

oouoouuoo.

O 078 

1122233344 

666.6666666666666677777777./777 

I 

C

I

C 

I 

O

U

I 

I 

O

0 

I 

I

I 

O

I

I

I



.............-\; 

I S 
ENVIRONMENT CANADA. INLAND WAIERS DIRECTORATE. ONTARIO REGION. DATE 03/11/76 

- 

. 
- TIME 10:09:50 

UPPER LAKES REFERENCE GROUP 
PAGE 1 WASTELOADING SIMULATION MODEL 

I 

._ , 

.......... _cANADA ‘

- 

LAKE LOADINGS SUMMARY. s7uéRe1s71c scsmnnxo 

.E9A0¥N§§,E93_ }?79:_INLM§T5$C 7°NN55: 

LAKE SUPERIOR LAKE HURON 
cAL;pnA1En TOTAL PAnAMETER MUNICIPAL INDUSTRAAL TOTAL 

_ 
CALIBRATEO TOTAL MUNICIPAL INDUSTRIAL TOTAL 

PHUSPHORUS 172 ~ 119 
_ 

285 .1.157 . 169' 279 au9 .3.0A3 
~1rn0uL~ 1.123 2.360 3.510 971211 1.936 . 1o.u12 11.898 29:21: 0155 SULIU 19.625 uu0.661 060.300 3.012.69n- 2u.9u9 717.772 7u2.72n 3.600.139 cnLo«10& 2.705 2.709. 5.059 233.666 3.437 75.352 170.038 ' 227.501 
‘SlLILA;_ _<u11 2.379, __2.79o_ __153.u61 ' ‘_a53 27.978 27.930 89.975___ 5UbP s0Lru 3.263 29.206 32.549 307.255 ‘"*“"”’ "4.5u9 5s.ao7 59.955 211.113 01L 149 177.163 177.327 0 526 189.631 165.158 0 

_ , SULPHUR 2.259 6.911 0.664 31g.5u2 2.009 65.388 68.237 609.923 nu; 767 349075 39.092 - 6.650 1.62? 21.uo5 23.n33 - 1.296 g; PHLNUL 1 169 - 190 
_ 

369 2 
’ 201 203 i=121 = 

____;1.u1Ug- <__}6 19 _w 35 990 
_ 

39 31 65 263 .L_ ALUMINUM 591 601 1.222 26.1u5’ 1.199 266 1.015 3.569"““' 
Uuuuh 0 23 23 0 -0 1.061 1.061 0 666x106 0 10 

. 

» 19 0 
, 

0 '6u6 6u6 0 cALm1Um 0 1 1 ' 273 0 . 19. 10 , 591. CALCIUM 2.255 12.45» 19.710 179.069 - 0.787 95.373 100.160 3-223.063 CngOH1UM 1_ 13 . 14. 393 - 1 99 101 322 Curran 5 16 22 3051000 A 

. 5 _ 1a 19 2.076 FLUOMIUE 60 61 129 2.537 149 377 521 5.906 
1nU~ 03 1.306 1oQ£d 12.500 . 

- 90 3.034 3.133 10.272 LLAD 4 3 7 1.352 
_ 

9 6 30 34 2.263 MAuHhblUM 677 1.357 . 2.233 132.139. 371 16.736 _17.609 162.988 
056650555 6 21 27 5.760 14 26a 277 1.288 HLHCUNY 0 ”0 

0. 
" 

u 0 
, 

‘"1. 1 
‘”' 2 u1LmaL 1 .56 

’ 

58 1.093 ' 

1 . 95 96 3.379 P01A5s1UM 370 1.267 ' 1.636 - 75.579 705 12.180 12.965 32.922 
SULIU.‘-1 1.394 244.390 26.287 » 196.890 ' M021 75.739 79.810 199.102 TITANIUM 0 703— 703 0 0 208 . 208' -0 
z1nc .n_ 9 _ 59___"“__.;.. 08 H. u98_ V. 

. 10 H 09 99 2.150 5.863 99.001 _10u.364 "'""‘ 171.469 “" "”12}u96 ‘£0.56?’ 537013 62.000 BUD 

TABLE 22



‘. 
EHVIRONMENI CANADA. INLAND WATERS DXRECTORATE. ONTARIO REGION. -DATE 03/11/76 

_ 
-1105 10:09:51 

-upven LAKES REFER£NCE ououp 
_ 

WASTELOAUING SIMULATION MODEL , PAGE 2 
CANADA 

5......-....._ 

LAKE LOADINGS summafiv. V§YWE§Gi§TTE—§EfiNARI0
' 

~___LOAD1NGS FOR 19B0._IN METR;C_TONNES._ _ 

LAKE SUPERIOR LAKE HURON 
PAnAMETER MUNICIPAL 1hoUsTR1AL 1 TOTAL 

V 
CALIBRATED TOTAL MUNICIPAL INDUSTRIAL TOTAL CALIBRATED TOTAL 

PHuSPHORUS 125 122 2u5 1.120 179 
_ 

296 u7s 3.109 
N_1|nuu;'n 1.o_2_b 2.51.5 3.53?‘ 97.9110 1.017‘ 10¢-565. 12.182 21.?.'i7 

~ 0155 5oL1u 22.078 430.002 502.679 3.0SJ?3c9 217769 70§77au ‘ 8177563 3.6757962 
CHLOKIDL 5.002- 29970 0.057 230.230 3.878 02.753 a6o6u1 1235.395 

L______S1L.ILA 3e;7_ _. 2.012 2.979 153.550 1.91 30.2% 30.738 ' 92.783 
Susv 50L1u - 2.662 31.305 ""““‘5u.2u0-““"5og.9eu '“‘ ””“” 0.048 "" '"'"‘"s7.u7u‘“'“”““62.322“""213.u79 
OIL 153 200.203 200.590 23.063 566 20e.6uu 200.210 2u.n52

I SULPHUR 2152.1 6795? 99476 311v;5b7 30165 72:09} 75.258 616.9011 
nus 9u9 37.002 

_ 

37.951 9.760 1.971 23.202 257250 3.u67 cg PHLNUL 1 215 214 303 3 225 229 1“? '_ 

____ 7~u1ut A20 _ 22 a2 ' 
- 99¢ u1 su 76 275 '_ 

AL0m1nuM 570 zuon ’.”i.ao9 ‘25.332 
. 17391 291 13602‘ 3.836 

Uunou 0 20 26 3 0 1.175 1.175 113 
d1gfilNE 0 15 15 2 

‘ 

0 715 715 62 
CAuM1UM 0 ' 1 . 1 273 o 16 16 543 
cALc1uM 2.793 13.492 .1e.205 .18o.ouu 5.790 10u.121 109.919 3.233.221 

___wCHnuMlUM _1» _ 101 14 aug 1 103. 110 331 
CuvPtH 4 ‘"17 ‘“22' 3u5.uaa 5 ’15. “21 2.070 
.FLuUHKDE 84 69 153 2.501 17a u19 <93 5.u7s 
IHUH 00 1.511 1.591 12.053 108 3.300 3.u95 1o.53u 
Lzuu ‘4 .5 6 ._ 17381 . 

. I. 33 :58 27265 
MAuNL$IUM 770 1.701 2.u71 132-377 969 1a.a12 19.302 16u.762 
2-2....<..'«m:WS_E L’. 23 51 5.75:. 15 292 ' 3108 1.319 
MhnCUKY 0 

‘W 
0 ‘o ' 

a ‘0 ”' 
1 ”1 '2 

NKLKLL 1 on - 66‘ 1.500 ' 

1 

- 1 106 107 '3.396 
Puxnssxum use 1.531 ' 1.039. 75.770 9so_ 13.329 1u.280 3u.23T 
5UuIUM 2.305 -20.200 23.354 1u9.uob u.070 83.700 53.574 207.055 
YXYANIUM 0 705 763 V 60 1 0 226 226 18 

___Z1..Cj__________.___ _v 9_ on 
_ 

74 503 11 98- 110- 2.160
V bog 7.261 """"""1o7.-.57 ”" A ""11u.719 ‘ 161.32!-1 ‘ ’ 15.074 " " ’ """lb3.508 """—"'-'S8.5‘82""""“67.S69""""" 

TABLE 23



ENVIRONMENT CANADA. INLAND WATERS DIRECTORATEO ONTARIO REGIONo DATE 03/11/76 
. TIME 10210101 

UPPER LAKES REFERENCE GROUP 
' WASTELOADING SIMULATION MODEL . PAGE 3 
' _ __ _CAHADA ‘ 

3 

'_ 

1 SUMMARY: SYNERGISTIC SCENARIO LAKE KOADINGS 

LAKE SUPERIOR 

L969IN9§. F__°R_..!~_?85*~ .I~ MEIé_1_c_-:9.N.~E$.? 

LAKE HURON 

;B\)U 7ésd 

PAnAMETER MUNICIPAL 1uous7R1AL TOTAL CALXBRATEU TOTAL MUNZCI?AL- INDUSTRIAL TOTAL, cA1;§RA7:o TOTAL 

PHuSPHOHUS 122 138 
1 

259 1.130 169 318* use 3.115 
u1.H0GLu 1.010 2.747 3.737 96.157 1.563 11.122 l?v68S 21.750 
u16s SOLID 21.992 5QC0D98 562.590 3.1141960 27.398 861.725 ae9.123 3.750.592 
cu1oa1oE 3.672 3.236 6:337 23u.uuu 3.693 159.203 93.nu6 —'2u1.799 

{____s1L1cA m;__ . 3él_________>2vu9& _______ 3.255 _ . 
153.926 M __ 969 33.u21 _33.a9c_ 95.936 

2 566p souxu 2.569 35.273 37.331 '”" 312.6ua " '““”"“”u.uu2 """’”61.275' 6s.717“"' 216.679 
011 190 219.691 22o.o3o 92.702 511 229.027 229.536 au.379

I 

su1wnuu 2.511 70778 10r289 312.166 3.131 77.891 e1.n23 [22.7o9 - 

NHJ . 999 91.663 92.611 19.621 1.985 25.995 27.939 6.1°6 3: 
PHLNOL 1 2:34 236 410 3 298 251 158 ' 

____£jHU1UE ___2o 29 99 998 uz 37 ' 79 '27? ' 

ALUMINUM 670 638 1.507 26.929 1.901 326 1.727 '3.afi1"”“' 
Uuhdfi 

_ 
0_ 23¢ 28 4 0 10279 192710 213 

UMUMIME o 17 17 3 o 777 777 130 
C...»-;1u:«: 0 1 . 2 273 o. 17 11-3 

- sliu 
CHLCiUM 2.769 14.991 - 17.780 132.139 5.639 113.161 119.001 3.292.309 
Q5gpH1uM 1 15 . 16 650 1 117 11a 3uo 
_CuePLR 9 18 23 3H5Iue9‘ 5 . 16 22 ,2.n79 
F.6u«1ue an 76 159 2.568 176 954 628 ' 5.513 
lnbh 79 1.667 1.7u6 12.317 104 3.666 3.739 10.929 
Ltnu 9 3 7 1.3u2 u 36 no 2.269 
MA666s1uM 763 1.691 » 2.659 132.566 961 20.193 21.159 166.533 
.M.«..(s.'gu£SE 8 25 32 5.766 16 320 336 1.3146 
M¢nCuHY 0 o 0' "‘ 

u 0 ’1. '1 ' “ 2 
I 

N1LKEL 1 7o 71 
V 

1.506 1 116 117 3.396 
Poxassxum us7 1.623 - 1.935 75.922 K53 1u.su1 -15.699 35.955 
SuuIUM 

_ 

2039.?) 290955 320278 1520829 149905 90v887 957792 -2150083 
rxxauxum o 665 e65 161 »o 257 257 as 

‘Zinc 9 __m 72 m_“__ __ 61 ____v so9__. 11 107 11a . 2.168_ _ 
121.671 128r822 '19s.u2e " “'T‘”1s.1a3f"“””‘"“as.379 -63.s62“““‘72.su9' 

TABLE 24



ENVIRONMENT CANADA. INLAND wnrans DIRECTORATE» ONTARIO REGION. DATE 
; 

03/11/76 ~~ - 
. 
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- 

- 
1 719: 10:10:09 

7~ . UPPER LAKES REFERENCE GROUP = ’ 

' WASTELOkDING SIMULATION MODEL 
, 

. PAGE 9 
__"h _2___ __ CANADA ____ _ M2 . 

LAKE LOADINGS SUMMARY. SYNERGISTIC SCENARXO 

_w"m__”_ ____LOADING$ FOR 1990. IN METR1c 7oNNEs.__ 2 :9 ' 

.9 
_ 

LAKE SUPERIOR LAKE HURON 
1|) . 

. 
' ' 

;0 PANAMETEH MUNICEPAL 1NDUSTR1AL TOTAL . CALIBRATED TOTAL MUNICIPAL INDUSTRIAL « TOTAL CALIBRATED TOTAL 

;n PHuSPHoHU> 65 - 136 ; 201 1.071 198 - 320 7 975 3.109 
2" N1lHUbEN 759 21155 « 3:515 97.916 ‘ 1.503 11.908 12.911 21.977- 
in U155 sunru 19.521 533.807 

_ 

553.967 -3.1o$f717 277002 8807839 9077836 3.789.309 n cu.0n10: 2.772 * 3.299 
_ 

6.071 2J9i¢9H 3.796 93.233 97.029 295.782 
.v._"ws1.1cA »_“ ___ 26u_ ‘_2.99u » 

. 3.250 153.928 995 39.753 2 35.199 97.299 
— H .5959 SOLID 

. 
1.693 ‘“"’ 39.969“”“"36.607 “””“’311.32u “"“'“‘”""9.016'"“”"'"‘62.620 “""”‘66.636“”“'217.793 " 

_v 01; 125 229.499 229.629 97.297 959 233.959 239.913 99.255 
4- Su1.Pnur~: 2.237 7.751. 9.987 311.066 3.087 82.069 85.157 - 626.8143 
=1 1...: . 91.9 ' 91.193 92.137 13.936 1.9199 26.301 28.295 6.503 3 » PMLNVL 1 239 239 913 3 259 257 ‘ 175 
.v cr»u1u£ _2o_ _29 2 99 998 92 39 81 ~ 279 ' ."““'A60m1uuM 666 623 1.909 .2s.u11” 1.908 "328 - 1.735 "3:a89“"““" 
';.- dunuu 0 . 31 . 31 . _7 0 1.3137 — 1.3117 326 
to brig.‘-IINE 0 1.9 19 Q 0 845 (“$5 199 

::I CI«u,"’..lU[gl U 1 2 
A 

' 0 ' Sui‘ 
rn 'CALC1UM 2.777 15.079 ' 17.851 182.210 - 5.865 119.126 129.991 3.298.299 H CpnOMlUM 1 15 16 850 

A 
1 

‘ 119 A 120 391
_ -» CuHPER 

2 
3 , 2. ’18: 21 395.087 

2 

‘“”d ,. ‘16 "22 2;079““‘““” 
_u F‘L.'L20v<IDE 89 77 - 160 2.569 176 - 

‘ 973 ' 698 5.533 
ul [HUN . 62 1.693 1.755 12.827 100 31831 3.931 ’ 11.071 
.1 Lr...D A 

3. 3 
A 

5 133110 9 . .38 
_ 

92 2 2.271 
» MA6uLs1uM' ' 693 1.930 2.627 132.539 999 21.359 22.303 - 167.683 
tn HAnGANi5E. 8 - 25 . 33 5.766 . . 16 333 399 - 1.360 
-. MLnCUNY . ‘0 "0 ‘o ' " 9“ 

. 

‘"0 “ 
1 7 

“”‘ 
1 

" 2“' 
u N1tKLL ' 

1 72 1 73 1.508 ‘ 

1 120 . 121 3.399 
6 PvTAuSIUM 955 1.357 1 -. 2.012 - 75.999 962 15.198 16.160 36.116 6 

_ 

500109 7 2.332 29Ib2b 31.858 152.410 9.927 
2 

95.370 100.297 219.588 ~ TiIA~IuM 
. 

0 ‘ 649 899 I96 0 251 251 - 

. 93 
_« __”ZlnC__“_““_____“ 7 

_ 

72 ' 79 -508 11' 
_ 

110 121 2.171 
=u 500 7.219 "‘ ”'119.999 ”“' ”*126.713 ' “ 193.310 . 

" 15.299 ' "‘ ‘9a.139 “‘”‘"“‘63.388"‘"‘““72.375‘“"“'" 

.6, TABLE 25._ 
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-EuVIRONMENT CANADA. INLAND wafens DIRECTORATE. ONTARIO REGION. 
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1 
UPPER LAKES naseazmca cnoup

_ 

2 WASTELOADING SIMULATION MODEL . PAGE 5 1 

___. “,2M_H"_, _cANAoA_ _m 

r LAKE LOADINGS SUMMARY. SYNERGLSTIC SCENARIOI 

°._____-“_ ____”M_ _ _ ___ LOADINGS FOR 2000- IN METRIC ToNNES- _“__m_“¢ LL__”_.m; lo
V 

'1 VLAKE supenxou LAKE HURON II ‘

. u PAMAMETLR »Mu~1c1PAL INDUSTRLAL . TOTAL CALIBRATEU TOTAL MUNICIPAL INDUSTP1AL TOTAL pgL1aRATEn TOTAL '9 ' 

. 

.
. 

gm PHLSPHOHUS 36 131 . 167 1.037 
_ 94 333 928 3.061 ‘n 1111113051. - 550 2.701 3.251 9.7.652 

’ 

1.166 11.027. 12.590. 2_1_._659 " 1 0155 soL1u 13.2001 519.206 527.007 3.079.757 20.552 639.026 909.500 3.771.000 m cuL0R1u: 1.006 3.326 5.212. 233.309 2.900 96.706 99.606 "2ue.359 .",___s1LzcA w___ 1b6_____”__ 3.229_ 23.390 150.060 318 37.005 37.762 199.808 n susv sOL1U 968 . 33.620 "*3u.a03’ ”309.52u 
. 2.555 62.702 65.286 “ 216.999 n 01L 02 233.663 233.7u5 56.017 ‘ 

206 -293.632 243.916 ‘$6.760. . 
1*‘ SU._m«u.< 1.518 7.555 9.07:. 310.951 2.352 66.009 88.361 630.—fll48 ,_ ea NHJ 824 39.935 40.259 12.060 1.772 26v856 23.628 ‘E7891 co. PncHOL 1 207 248 422 2 265 266 185

, iv_ §j~uIUd _”_17 25 43 
, __997 38 no 77 

V 
275 9F_ Tu AL6M1nuM 551 703 1.365 '- 26.205 — 1.251 324 1.575 3r7?° " I” UUuOH ~ 0 33 K 33 10 . 0 1.516 1.516 use » UKVMINE 0 21 * 21 6 0 

' 923 923 277 1' _CM1..‘-'.1'U.‘-1 ' U 1 2 273 ' 

0 20 20 ‘W5 n CALCIUM - 2.029 15.062 17.u03 101.000 . 
- 5.212 127.120 - 132.332 3.255.635 {u §nnUH1UM 1 15 15 .050 1 122 123 1-~"—3u5 ‘ 1» CurPLR ' 2 

, 
"10 "20 345.006 . 

‘u 17 » 
- "20 2.073 in Fuuoulufi 73 - 00 

. 152 2.561 157 091 6u7 5.532 'u 
. ’XHbh n1 1.701 1.752 12.053 7 

’ 73 3.997 u.070 11.209 n Lcnu 2‘ 
. 3 9 17379 

2 
u no n2 -2.271 .u MAuNLS1UM 072 2.006 ‘ 

2.070 132.300 725 23.002 23.000 169.107 ~ ;» MAu§AHESE 7 27 . 33 5.766 14 1355 369 «-1.379 gm MdnCURY . 0 0 '0 
_ 

’” ‘u 0 '1 "'1 V-"“2 Tu »u1LK¢L 1 7a 75 1.509 1 125 ~ 126 
_ 

‘ 3.909 ;n PuuA3s1uM 390 1.604 2.002 « 75.930 
, 055 16.121 15.975 36.931 — an _5UuIUM 

. 
2.036 26.349 30.300 150.932 0.376 99.561 103.939. 223.231 i“ TITANIUM 

. 

01 600 
_ 300 . 105 o 239 ' 239~ . 2. 32 vs__;_z1nc_“_______"__h_A_ u”__”_”N 71¢ _ _ 

76 505 e ‘ 113 121 2.172 3» Uuu 6.302 
1 

114.032 ~’""”120.33u ”””' 186.939 ’ ‘”‘""” 13.552-“ 'u6.7o5 ""*‘“6o.256“““"f69.2u3” 

9° 
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-emvxaommzur CANADA. INLAND wA7ans DIRECTORATE» onrnnro REGION. :?;§' 03/13/75 --I — : 2 

T1 UPPER LAKES nssanenca ououp s 

:» NASTELOAUING SIMULATION MODEL .PAGE 6 
1 -___ _m_“ « CANADA “________

'

1 

é‘ 
*v LAKE LOADINGS summfifiv. SYNERGXSTIC SCENARIO 

I . 

-__,n______________u_ _ _;__” _LOADINGS FOR 2o1o..1m METRIC Tonnes. ___mn_ «A __ _ __ __ __ 
an, _ 

. 

' I 

'1 LAKE supanxon LAKE HURON 
1 PnnAMETER MUNXCIPAL INDUSTR1AL_ TOTAL CALIBRATED TOTAL MUNICXPAL INDUSTRIAL TOTAL CALIBRATED TOTAL 

1:: A 
..- _1. .. -._._.__3 .._.__”_________.1_. .._. -0_. _. .. _._.1. _. ___- _. 

u PnvSPHORUS 19 127 196 1.016 as 336 352 3.015 
in uxrnougw 391 24952‘ 3.003 97.993 _e25 11v2S6 12.nn2 21.197 
1" 9155 50110 7.792 502.359 510.152 3.062.062 - 12.213 8927308 909.521 3.76S.°fi9““"'“'" 
'70 CHLUHIUL 19111 5.354 401.65 232:0‘.-2. 10727 990293 1010021 ZQ9-773 
~L__Hs111cA__M ;w 90 3.335 3.334 150.309 4 

102 uo.a19 . 
u1.oo11 1o3.nua 

u SUbP 50110 533"”“"‘“""33.11o 33.ouu" ’3on.359“" ‘‘‘‘‘‘‘‘‘ '1.3oo ‘ ""”e2.192""""“e3.u99““"21u.as7“ 
v 011. 1.7- 2110.931 246.477 71.150 — 150 259.050 . 259.200 714.092 
« SULPHUH 299 7.053 3.307 1 310.225 1.395 39.255 90.656 632r‘“3 L_ 
n .013 . 

700 36.357 39.057 10913.06 1.539 27.915 29.9119 7.662 
=r VHLNOL 1 

” 251 262 935 .2 250 232 200 53* 
v;___c.uu1uE ,19V _m 27 _;_ a1_______M 995 — 32 a2_________ 75 _______ 273 ____ 
_n ALuMLNUM 099 750 1.252_ 26.175 1.0531 

' 323 1.uo6 3.550 ' 

» uunuu o 35 30. 13 o 1.e3o~ 1.630 569 
.. u.<ur-11r;E 0 22 22 7 0 99!. 991. 31.7 
an C»..:.11u;-1 0 2- 2 273 0 21 22 . 557 
n CRLCIUM 2.059 15.329 17.389 151.790 0.512 136v388 140.299 3-269.202 
In ChnOfi[QM' 0 15 16 350 1 131 132 ssu 

A 
» CukPLR 1 13 ‘19 395.085‘ ”2 ‘“17 '19 ‘'2.n77“ 

1!" FLuUNl0E 62 , an 1105 2.550 135 507 auz 5.527 
» IMLH an 1.327 1.251 12.922 02 «.177 0.219 11.359 
n LL«D . 1 3 9 17370 ~ 2 . no U2 23271 
n MAuhtb1UM 277 2.109 2.387 132.293 j 932 20.971 25.uo3 170.792 
» Muueaqtsa ~ 5 29 34 5.757 13 373 391 1.uo1 
.« Mhncbux‘ 0 ’ 

0 .70 ' ' u‘ '0 " 
1 

“'2 ‘ 2‘""" 
u NLCKEL 0 7a 70 1.513 1 132 132 3.911 

‘n Pu1ASSlUM 330 1.076 - 2.014 75.951 740 17.113 17.053 37.319 
‘ <1 501.1014 1.730 2..o16 29.345 149.897 3.790 103.0811 106.8725 226.195 
gu TLIAHIUM _o 2 751 761 .70 9 0 231 231 23 
flu __z1~c_ ___ . 3‘___4__ 1 _»72___”__" 75 "m_ __ 5ouA. u 117 — M122 2.172 
£34 Uuu 5.354 110.090 115.552 "'1a2.45e “"' """ "”11.73o“' 

. 
us.e92“‘““"‘57.u22“‘*—-‘$6.409 

:;!‘,l 
-,

. 

in _ 

1 
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auvrkonmzmr CANADA. INLAND wnrens DIRECTORATE. ONTARIO REGION. »$Q:§ ggfféfzg 
UPPER LAKES REFERENCE snoop 

’ 

. A 

wASTELOAOING SIMULATION M0051" 

PAAAMETER MUNICIPAL 

LAKE LOADINGS SUMMARY. 

,*mCANADA 
pAce“'j7 

svwenersrzc SCENARIO _g~ 

LOADINGS FOR .2020. IN METkZC T°NNESe 

LAKE supeazou LAKE HURON 

28 

#57607 

INDUSTRlAL_ TOTAL CALIBRATEU TOTAL MUNICXPAL INDUSTRIAL TOTAL CALXBRATED TOTAL 

PuuSPHOHUS 5 125 131 11.003 11 
” 339 351 T**=2.9nu’ 

m1;nue£u 227 2.507 2;079 97.275 7932 11.127 11.610 gflgézfi 
0155 50L1o 2.955 502.545 505.539, 3.057.094 9.971‘ 2 9009688 905.559 3.757.120 

0 
CnLoHIué 425 3.923 3.349 232.025 705 102.195 102.900 

_ 

251.553. 
____3101cgH>_ .39 13.914‘ '__3.953 _15u.52u '70 40.901. uu.971 ‘ 

" 107.015 5 

1 5052 50110 157 33.153 33.350 ‘ '”305.u55' 379 52.17u 52.5ua“““‘"213.7n5 - 

_: 01. 22 270.510 270.032 93.504 1 252.319 252.371 97.213
I 

-1 SUgwnuR 392 7.523 7.355 309.740 570 93.370 93.930 535.525 . 

_ 
Hna 501 38.255 33.757 10.555 1.120 29.577 30.696 5.969 2; 

.§ PALNUL 1 253 209 457 1 309 305 223 
{____g.1u1ua _m 11_ 1“ 30 no 990 23 us . 53 257 '

_ 7 ALuMiHUM 35a‘ " 751"””””’15105 "“"""’25.o2s 790 "33o '1.121”'“""“'3.275 ' 

, 
55.5; 0 90 no 15 0 1.739 1.730 729 

:1 5252132 0 24 24. 10 0 1.057 1.057 . 901 
I 

CnuM1UM 0 2 2 .273 0 23 23 . 599 ,Y 
CALCIUM 1.975 15.oo1v 17.475 151.535 3.293 149.252 152.575 3.275.579 ‘ 

Cdgomggm 0 17 17 851 0 197 1H7 ‘ 369 
CuvPéH 0 ‘i9 19 395.055 1 15 19 -2.076 
FLuCHIUE 99 91 135 2.543 99 525 525 5.511 

-1 125m 10 1.955 1.977 13.099 15 4.020 u.uu1 11.500 
'5 LLML) 0 -.3 N 10578 . 1. [52 '42 297.71 

MkuhLSlUM 105 2.255 2.353 
1 
132.259. 175 27.339 -27.555 172.995 

Mg_5ggg5a 9 31 35 . 5.755 ‘ 9 907 n15 1.927 
MtuCUNY 0 0 0 

‘ 

u 0 ‘"2 A_"2 "”"2 
NTLKLL 0 - as as 1.520 0 »1u2 1u2 3.920 
PurA5s1uM 292 ’ 1.759 27026— 75.954 ' .590 18.345 18.885 38.391 
bUuIUM 1.239 27.577 23.515 149.355 2.755 107.579 110.395 . 229.537 

- TLTANIUM 0 774 774 71 0 230 1 230_ 21 
-1 215C 1 __‘75 - ,7? 505 1 2 122 129 2.175 
-. 505 3.535 109.790 113.524 1807230 8.562 5HT16a - 63.156
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YEAR 

i1197u. 

‘198o. 

.1935; 
V1993. 

‘ 

2003; 

2010. 
2020. 

TABLE 29
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ENVIRONMENT CANADA. INLAND WATERS DIRECTORATE, ONTARIO REGION. 7 

‘ DATE 00/20/76 
’ UPPER LAKES REFER£NCE GROUP ‘V 

,

» 

NASTELOADING SIMULATION MODEL 

ECONOMIC SUMMARY 
CAPITAL INVESTMENT ONLY 
SYNERGISTIC SCENARIO 
1961 COHSTAHT DOLLARS 

CANADA 

‘LAKE SUPERIOR LAKE HURON 

.'INDUSTRIAL MUNICIPAL INDUSTRIAL MUNICIPAL 

ITMI01 ITMIO3 MTMI01 MTMI03 ITMI01 ITMI03 MTMI01 MTM103 

$1,882,528 $1,882,528 ‘$210,939 $210,939 $0,587,081 $0,537,481 $508,323 $503,823 

$2,259,356‘ $2,667,256 v$230,006 $1,689,097 $0,950,738 $5,258,881 -$619,756 $1,630,162 

$2,317,921 $3,050,397 $2U5.911 $266,719 $5,269,830 $5,700,110 ‘$868,150 $717,392 

‘$2,199,337 $2,429,205 $252,210 $1,222”Q39 $4,899,723 $5,906,001 $973,796 $706,613 

$2,570,013 $2,953,097 $252,819 $887,203 $6,2W5p292- $7,168,260 $1,035,835 $903,959 

$3,328,839’ $3,980,255 $287,075 .1 $731,195 $3,970,368 $10,117,391 $1,356,992 $1,233p527 

‘$9,638,702 $5,333,737 $319,106 $571,010 $12,230,929 $15,187,306 $1,999,397 $857,690

- 

li

-
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‘ LAKE -HURON BASIN 
5 F _ 

- (IN MILLIONS OF 1961 DOLLARS) 
42 ~

‘ 

. 

* 

I (1) 
39 ’~ 

- 

_ 

FIGURE FOUR 
36 -

' 

33 _ 

Investment to maintain 
30 ' 1973 Treatment Effort 

- I 

27 - 
_ 

A 

‘ 

. 

— N 
Investment Ar'e'q.uired by ' 

' 

V 

' °‘ 
24 L "”" "“ Synergistic scenario ' 

21 

i8 

15 I (2) 
I2 // -

l 

3 _ 

1974 
A 

"1986" ‘_ 1990 
' 

2000 * 2010 
_ 

2-020



I45 

42 

39 

.35 

33 

30 
27 

24 

(IN MILLIONS OF'l96l DOLLARS) 

Investment to maintain 
1973 Treatment Effort 

Investment required by 
Synergistic scenario 

1980 

INDUSTRIAL 
CAPITAL INVESTMENT 

LAKE SUPERIOR BASIN

~ FIGURE FIVE 

2000 2010

~~ 

2020 

(1) 

(2) 

; 
Ll‘-



-73- 

. 
V 

N 

» . ANNUAL ‘CHANGE IN - 

‘ ' ’ INDUSTRIAL INVESTMENT 
1972 - 2020

N 
LAKE SUPERIOR BASIN CHANGE 

100 
_

v 

90 

so 
‘

- 

50 
'

~ 

30 - 

20' - 

1974 
A‘ 

1 
’ 

I

' 

. 980. 1990 
_ 

2000 
. _;o10 _ 2020



APPENDIX 1 

COMPUTER PROGRAMS~
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MAIN is the main program which reads in data, calls 
subroutines: EOPULB, WLINT, TECHN, EEON, SPEND, CDOCK,- 
CALBBB, to calculate results. 
The results are written to file INFILE which is then 
reported by DML report writing programs. 

dpd,o°\o¢,o¢p¢\o°\odp3pd\oo\0dPo\°dPo\°d9dPd96Pd\°o\0dPdPdPd@d\°dPé9d\°dPo‘PdPdPdPdPdPd0d0dPdPdPd°d«°dPd0dPd0d0dPd0dD 

LIST or VARIABLES‘

b 
bastr2 
bastrl
c 
calibr 
chmfac 
chwfac 
cno 
ctiff 
ddistl 
depr 
destr1' 
distld 
effdlr 
ilook 
bnpact 
index 
itmiol 
itmi03 
itmihl 
itmih3 
itmisl 
itmis3 
iwl

_ 

iwlfac 
iwlhrn 
-iwlsum 
iwlsup 
jflag 
mgal02 
mtcost 
mtmi0l 
mtmi03 

limtmihl 
mtmih3 
mtmisl 
mtmis3 

R.D.P._multiplier 
treatment level of base year 
treatment level of previous year 
multiplier constant of 1's & 0's for ITMI03 
calibrated total loading 
adjustment value for MWLFAC 
adjustment value for IWLFAC 
canadadian national economic forecasts 
treatment inefficiency ' 

discrepancy of DISTLD & TDISTL 
stock depreciation rate 
treatment level desired 
type distributed municipal loading-current-year 
dollar efficiency 
industry code number that invest in treatment 
economic impact values. 
year nmber =

. 

base industry investment of the year 
additional industry investment of the year 
huron ITMI0l 
huron ITMI03 
superior IIMIOI 
superiorpITI03 
industry loading per industry 
industrial wasteloading coefficient 
industry loading huron. A 

total industry loading 
industry loading superior 
scenario nmber choice 
municipal treatment capacity 
treatment marginal cost. 
base municipal investment of the year 
additional municipal investment of the year 
huron MTMIOI 
huron MTMIO3 
superior_MEHIOl 
superior-MIMIOB
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munhrpn 
mun sup 
mwl 
mwl fac 
mwwfl 
mxsim 

‘D1 
nim 
ni 
nkind 
DOW 
TIP 
npol st 
nr 
ntype 
nz 
observ 
olvalc 
olvalp 
Pcapbs

. 

pcwatr 
POP 
prev 
PrPCaP 
ro 
sde str 
smwfac 
stockl 
stoc k2 
stocpl 
stocp2 
sumiti 
tbld 
tblhrn 
tbl sup 
tdistl 
temp2 
trulod 
ttbhrn 

- ttbld 
ttbsup 
untr t 
untrt 
uratio 
urban 
urbpop 
valcur 
valpr e 
zb 
zc 
zn 

-g,- 

municipal loading huron 
municipal loading superior 
total municipal loading . 

municipal wasteload ing coefficient 
municipal waste water flow 
faction of additional. municipal treatment desired 
number of industries 

- economic impact index 
number of impact groups 
number -of chemical parameters 
calendar year 
policies number

_ 

number of initial & interim munltipliers 
number of regions 
number of treatment types 
number of population sub-groups 
observed loadings 
municiapl investment MI'MI0l current year 
municipal. investment MI'MI0l previous year 
base year proportions of treatment 
per capita water consumption 
regional population 
previous year r.d.p.v 
proportions of treatment 
canadian regional economic forecasts 
simulated industry treatment level desired 
simulated municipal waste coefficient 
ITMIOI stock previous year 
ITMI0l stock current year 
ITMIO3 stock previous year 
ITMI03 stock current year . 

base year industry expenditure on treatment 
total region loading l 

industry & municipal loadings huron 
industry & municipal loadings superior . 

type distributed municipal loading previous year 
R. D,P. (current.year/previous..year) ratio 

. municipal loading, treated residue 
calibrated total loadings huron 
calibrated total region loading 
calibrated total loadongs -superior 
untreated municipal loading 
untreated portion of municipal loading 
urban/total population ratio 
urban population 
urban population - 

municipal investment MIT-£103 current year 
municipal investment MIMI03 previous year 
municipal fraction treat 
percentage of municipal waste not treated 
that portion of total“ not to be ‘treated
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% zz - itional treatment with base treatment 
% ..

% 
%
% 
% . 

% PAR is a list subscript variables'for dimension control. 
include parm ,list ' 

% V

' 

% COMBLK is a list of variables & their dimensions common 
% to all subroutines. 
include comblc ,list 

‘J % .

%
% 
% Rewind data 
24 . — 

. % 
_ 

V 

'

. 

% File INOUTF is for set u of input/output files. 
call obey('!do inoutf',3)
% 
%
% 
% Read treatment inefficiencies, by paraeter, by type. 
in-.'=l0

. . -do 41 k=l,'nkind ' 

» 41 read(in,42) (ctiff(k,nt),nt=l,ntype 
42 format(l0x,8fl0.6) ' 

d\°dPd°d9 

B _Read municipal treatment costs, by type. 
in=ll 
read(in,l202) (mtcost(nt),nt=l,ntype) 
1202 format(l0x,fl0.6) 
1201 continue
%
O 
.6 .

% 
—% 

in=l2
H 

read(in,10) (mwlfac(l;n),n=1,nkind) 
10 format(2(lOx,l0flO.6/) ,10x,1o£10.6') 

Read municipal waste coefficients, by parameter.

% 

% >

. 

% Read industry waste coefficients. 
in=l3 i 

do 11 i=l,ni 
» 11 read(in,7614) (iwlfac(i,n),n=1,nkind) . 7614 format(2»(l0x,10fl.l.8/) ,l0x,lOfll.8)



%

E 
% Read municipal capacities, by region. 

. in=14 
do 12 j=1,nr 
read(in,502) nga102(j) 
502 format(l2fl0.6) 
12 continue 

Code for econmic impact indices. 

Read economic impact.i 
in=xx ~ 

1193 format(//2(10x,5e14.7/),10x,5el4.7) 
do 1190 k=1,8 
do 1191 i=1,nj 
1191 read(in,l193) (nim(k,i,ny),ny=1,npo1st) 
1190 continue -

- 

o\°o\°d0dPd0dPdPdPd@dPd0dPdPdPo\?GP 

Read 1972 industrial expenditures, by region, by industry. 
in=l5 «

< 

read(in,l185) ((sumiti(j,k),j=1,nr),kél,ni) 
1185 format(10x,7f10.0)
% 
:9 
‘D 

% . 

% Read observed loadings. 
in=16 

, H 

read(in,l21l) ((observ(j,k),j=1,nr),k=1,nkind) 
1211 format(l0x,7f10.l) 

o‘9o\0d°09 

Read stock depreciation percentage. 
in=17 
read(in,8757) dept 
8757 format(10x,f10.4) 
% . 

% Read in polluting industry code 
read(in,8557)(ilook(k),k=1,11) 
8557 format(10x,1li5) 
% ‘. 

% Read fractions of.municipa1 waste to be treated. 
read(in,8756)(zb(k),k=1,nr) -

%
n
‘5
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% . 

% Read choice of scenario number 
in=l8 
read(in,8l88) jflag 
8188 format(i1) 
% . 

- a 
‘D

% 
% Initialization. 
do 9011 k=l,ni 
do 9012 j=l,nr 
stock1(j,k)=0. 
stock2(j,k)=0. 
stocp1(j,k)=0. 
9012 stocp2(j,k)=0. 
9011 continue —

% 
do 4762 j=l,nr 
do 4763 k=l,nkind 
calibr(j,k)=0. 
do 4764 nt=l,ntype 
’bdist1(j,k,nt)=0. 
valpre(j,nt)=0. 
4764 olvalp(j,nt)=0. 
4763 continue 
4762 continue
% 
temp2=1. 
index=O
0 

Start simulation 

Year loop. ~ operates year by year. 

. subroutine CIOCK controls calculation & print period. 
_ 

It terminates execution of MAIN at end of period. 
00 call clock 

Index is increase by 1 for each year loop. 
ndex=index+1a 

dPHo\°o‘Pd°d0\Jo\°dPdPd°o\°dPd9dPd0dP6Pd°d°d9o\
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Read in change factor for municipal waste coefficient, MWLFAC 
in=19 -

. 

2021 format(l0x,fl0.5) 
rea(in,202l) chmfac(index)

~
%
% 

% Read in change factor for industry waste coefficient, IWLFAC 
in=20

’ 

red(in,202l) chWfac(index) 
% .

% 
% -5: 
% Read base treatment level, by 
in=2l .

” 

.read(in,9315)(bastrl(j,index),j=l,nr) 
% . 

% Store base treatment level in BASTR2 
do 123 j=l,nr

' 

123 bastr2(j,index)=bastrl(j,index)
%
%
% 
% Read M'IMI0l for scenarios 2 & 3 only. 
if(jflag .eq. 1) goto 8654 
in=22 
rea(in,8656)(mtmi0l(j),j=l,nr) 
8656 format(fl0.0) 
8654 continue
%
o 
‘b

% 
% ‘ Read simulated desired treatment level, by region. 
in=23 

'
' 

read(in,93l5)(sdestr(j,index),j=l,nr) 
V 9315 format(7fl0.7)»

%
0 
‘6

% 
2 

% Initialization. 
do 99 k=1,ni 
do 98 j=l,nr 
urbpop(j)=0. 
mwl(j,k)=0. 
itmiOl(j,k)=O. 
itmi03(j,k)=0. 
tbld(j,k)=O. 
98iUmD2Q,M=0. 
99 continue '
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Read per capita water consuption. 
in=24 ’

' 

rea(in,llO7) (pcwatr(j,index),j=l,nr) 
1107 format(l0x,7f10.0)
% 
% . 

% . 

% Read dollar efficiency 
‘ in=25 ' 

read(in,8757) effdlr(index)
%
g 
% - 

% 1 Mxsim is shnulation variable for additional 
% mun ic ipal treatment. - 

in=26 

o\°o‘Pd0d°d\°dP 

read(in,n8'756)A (mxsim(j,indeX) .j'=1,nr) 
8756 format(l0x,7fl0.'7)
%
n 
‘B 

% . 

% 
‘ Read national forecast, by industry 

in=27_ 
_read(in,l7) (cno(i),i=l,ni) 
17 format(3(l0d10.3/),dlO.3) 
do 777 i=1,ni 
777 cno(i)=cno(i)*1e6
%
O 
'0 

% . 

% C is sflnulation variable for additional industry treatment. 
in=28 .

’ 

read(in,ll06)(c(i),i=1,nd) 
1106 format(124il/93 il) 

OU1‘ is output file 
PRTIME is year for print. 
Write calendar year, number of regions. 

out=90 . 

if(prtime .ne. 0) go to 1170 
write(out,l110) now 
1110 format(lx,i4) 
write(out,lll0) nr 

» 1170 continue
%
O
‘6
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% . 

% ~Read population, by region. 
in=29 ‘ 

read(il'1:14) Ij=]-Int") 
14 format(l2f10.0) 

Read urban/total ratios, by region. 
in=30 . 

read(in,19) (uatio(j),j=l,nr) 
19 format(12fl0.6) 

Subroutine EOPul8 calculates population data. 
all popul8 (pop,urbpop,uratio,nr) 

OdPdPd9d°d<° 

dPdPo\°0P 

do 3021 i=1,ni 
do 4021 k=l,nkind . 

smwfac(l,k)=mwlfac(l,k)*chmfac(index) 
4021 iwlfac(i,k)=iwlfac(i,k)*(l.~chwfac(index)) 
3021 continue

' 

Change waste coefficients by their change factors. 

dPdPd\°d°6P 

Initialization. 
do 1001 k=1,nkind 
1001 maxs02(nz,k)=10e-20 
itmis1=O. 
itmis3=0. 
j_t:nihl=0 . 

' itmi-h3=O . 

m’G‘niSl=0 . 

mtmis3=O. 
mtmihl=0. 
mtmih3=0 . 

Initialization. _% 
a do 8461 k=1,nkind 
musu(k)=O. 
iwlsup(k)=0. 
tblsup(k)=O. 
ttbsup(k)=0. 
munhrn(k)=0. 
iwlhrn(k)=0. 
tblhrn(k)=0.
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8461 ttbhrn(k) =0.
' 

% , 

do 8547 j=1,nr 
itmir1(j)=0. 
itmir.3 (j)=0. 
8547 continue 

Regional loop. - operates region by region. 

0 500 j=l,nr 
dPo‘9dPdPd°dPdPQad9dPdPd9dPd°dPdPdP 

Initialization. 
do 8765 k=1,nkind 
untrt(nz,k)=0. 
do 8766 nt=l,ntype 
'distld(k,nt)=0. 

o\°d9o\°cA°d°d9 

ddistl(k,nt)=0. 
8766 trulod(k,nt)=0. 
8765 continue 

Base, desire treatment levels determination. 

This year's base level is last year's desired level. 
if(index .eq. 1) go to 3961 
bastrl(j,index)=destrl(j,index~l) 
3961 continue 
% .

- 

% If scenario 3, then after 1985 desired level is 100 % 
% Otherwise, desired level from scenario choice. 
if(jf1ag .ne. 3) goto 2018 
if(now .lt. 1985) goto 2018 
destrl(j,index)=l. 
goto 2019
% 
2018 destrl(j;index)=sdestr(j,index) 
2019 continue - 

do 

o\o
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% . . 

% Read regional industry product multiplier. 
in=31 
read(in,82) (b(i) ,i=l,ni) 
82 format(8dl0.8) 

°d9.dPo\°OdPd0dDd‘POd.°o‘9d°0P 

d°d(-''d°d9OdPdPd9dP 

’ 

Call subroutine econ. - calculates r. d." p. for each region‘. 
all econ (j) 

' Read. proportions of capacity, by region, by type. 
_in=32 ‘ 

read(in,42) (prpcap(j,nt) ,nt=l,ntype) 
% V

V 

if(index .ne. 1) goto 4l48 
do 4158 nt--.l,ntype ’ 

4158 pcapbs(j ,nt)=prpcap(j ,nt) 
4148 continue 

, 
Subroutine TECHN calculates technical investment. _ 

all techn (j,index) . 

I

l 

Subroutine WLINT calculates wasteloadings. 
all wlint (j,index) 

-5 Create MTMIO1 file from scenario 1. 
if(jflag 1) goto 2935 
write(22,3935) mtmi0l(j) 
3935 format(fl0.0) 
2935 continue
% 
%
%
% 
% End of region loop. 
500 continue 
% .

% 
%7 
% . 

% 
’ Subroutine SPEND calculates impact from investment. 

call spend
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write results to file INFILE, by year. 

If not print, go to calculation; 
'f(prtime .ne. 0) go to 1171 

Write number of chemical parameters. 
rite(out,l1l0) nkind 

write municipal loadings for regions, & lakes. 
do 3001 j=1,nr 

V b 

3001 write(out,1l12) j,(mwl(j,k),k=l,nkind) 
write(out,1ll4)(munsup(k),k=l,nkind) 
write(out,lll4)(munhrn(k),k=1,nkind) 
1114 format(lx,f12.0) 
% 1

7 

% 
A 

Write industry loadings for regions, & lakes. 
do 3002 j=l,nr - "

_ 

3002 write(out,lll2) j,(iw1sun(j,k),k=1,nkind) 
1112 format(lx,i2,2(l0f12.0/),l0fl2.0) 
write(out,l1l4)(iwlsup(k),k=l,nkind) 
write(out,lll4)(iw1hrn(k),k=l,nkind) 
% 

‘

' 

% Write total basin loadings, & for lakes. 
do 3003 j=1,nr

A 

3003 write(out,lll2) j,(tbld(j,k),k=l,nkind) 
write(out,ll14)(tb1sup(k),k=l,nkind) 
write(out,lll4)(tb1hrn(k),k=l,nkind)
% 

' 

% Write calibrated total loadings for regions and for lakes. 
do 3004 j=l,nr 
3004 write(out,lll2) j,(ttb1d(j,k),k=l,nkind) 
write(out,lll4)(ttbsu(k),k=l,nkind) - 

wr ite (out ,1l14) (ttbhrn( k) ,k=1 ,nkind) 
write(out,lll4) (maxs02(nz,k),k=l,nkind)
% 
% Write economic impact numbers. 
data comma/‘,'/ 
write (out,9875) impact(32),comma,impact(33),comma,impact(34) 
9875 format(fl0.4,al,fl5.0,al,fl2.0) '

’ 

% . 

% Write municipal, & industry investments. 
’write(out,1l15) itmisl,itmis3,itmih1,itmih3 
wr ite(out,l_ll5‘) mtmisl,mtmis3,mtmihl,mt:mih3 
1115 format(4il2) .

% 
1171 rewind 24 
go to 700



End of year loop.

~ 
_m 

onqnapoodo



ouooom 

oodooxoqpdpooopoooe 

.. 92:- 

Subroutine clock controls calculation, & print period. .
. 

It terminates execution of MAIN at the end of simulation period. 

Usage: call clock 

ubroutine clock 

ommon /time/‘ now,1eng th,pr ntpr ,pr time , iend 

length length of simulation period 
prntpr output printing interval 
pr time output printing year 
now calendar year 
istart starting year of simulation 
iend ending year of simulation 

Increase calendar. year by 1. 
ow=now+l 

I-'d«°d¢°.'3dPd°dPd°d\°dPdPd9dPdPd&°d9O‘P 

Stop execution at end of simulation year 
'f(now .gt. iend) stop ': results calculated‘ -

’ 

($909 Adjustment of year for print interval. 
% Print if PRTIME=O ' 

pr time=mod (now,pr ntpr) 
if(now .eq. iend) prtime=0 
if(nowy.eq.1974) prtime=0 
if(now .eq. l985)prtime=0 - 

if(prtime .ne. 0) return
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Common Block. GJMBLK 
list of variables for all subroutines. 
dimensions of these variables are specified 
in data block PAPM 

dimension a(ni,nr) 
double precision cno ,b,nim,itmiO1 ,itmi02,it:ni03 
real mgal03,mgal02,mtmiOl,mtmi02,mtmi03 

V V

' 

real mxsim,munsup,munhrn,iwlsup,iwlhrn,olvalc,olvalp 
r eal mwlfac , iwl fac ,mwl , iwl ,mwwfl ,mtcost , impac t , iwl sum , invest 
real mtmirl ,mtmir3 ,mtmis1 ,mtmis3,mt:nihl,mtmih3 , itmirl , itmir-3 , itmis 

ll,i'm_1is3,it:nih1,itmih3 
integer pr time ,prntpr ,out ,in 
integer‘ a,c

_ 

equivalence(a(l,'1) ,c(1)) 
common /time/ now,length,prntpr ,pr time,iend 
common /iunit,/ in,out,int 
common /names/ iuniol (nr,ni) ,itmi02(nr.,ni) ,itmi03(nr,ni) ,c(nd) 
common /varslO/ mga102'(ll) ,tbld(nr,nkind) ' 

common /blkl/ ro(nr,ni) ,pop(nr) ,mw1fac(nz,nkind) ,mwl(nr,nkind) ,iw1 
Iife€c(ni5nkind) ,iwl(n_i,nkind) , smwfac(nz,nkind) ,siwfac(ni,nkind) ,pre 
v nr,n1 
common /blk2/ dist1d(nkind,ntype) ,prpcap(nr ,ntype) ,ctiff(nki-nd,nty 

lpe) ,t1:ulod(nkind,ntype) 
common /blk3/ untrt(nz,nkind-) ,sumvst(nj) ,impact(nj) ,chmfac(100) ,ch 

lwfac(l00) 
common /blk4/iwlsum(nr,nkind) ,b(ni) ,sumiti(nr,ni) ,mtcost(ntype) 
common /blk5/ cno(nj) ,mwwfl (nr) ,effdlr(l00) ,pCwa_tr (nr',l00) ,depr 
canmon /blk6/ uratio-(nr) ,urbpop(nr) ,p1(n'p,npolst) ,nOwyr(np,npo]_st. 

1) ,lastyr(np,npolst_) , n1'm(np,nj ,npolst) ,invest(np,npolst) 
common /blk7/ mgal03(nr.ntype) .mtmi01(nr) .mtmi02 (.r1r.) ,mtmiO3 (nr) ,ma 

lxs02 (nz,nkind) . 

lcaitxgggi /ten/ destrl(nr ,100) ,bastr1(nr ,100) ,sdestr(nr,100) ,bastr2(n 
I I 

> _

. 

common /e1even/ _munsup(nkind) !mLmhVrn(nkind4) !iwlsup(nkind) ,iwlhrn(n 
lkind) ,tbiss.1p(nk1nd) ,tblhtn(nk1nd) ,ttbsup(nk1nd) ,ttbhrn(nkind) ,cali 
1br(nr,nk1nd) ,ttbld(nr,nkJ.nd)_ ,observ(nr ,nkind) 

V

_ common /twelve/ stockl(nr ,ni) ,stock2(nr ,ni) ,stocp1(nr ,ni) ,stocp2(n
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lr,ni) 
common /thirt/ mtmir1(nr) ,mt:nir3(nr) ,mtmis1,mtmis3,mtmihl,mtmih3.,i 
ltmir1(nr) ,iUnir3 (nr) ,itmis1,itmis3,it:nih1,itmih3 
common /fort/ zb(nr) ,zc(nr) ,mxs1'm(m:,100) ,ddistl(nkind,ntype) ,tdis 

1tl(nr,nkind,ntype) ,jf.lag,te11p2,ilook(15) 
common /fift/ pcapbs(nr,ntype) , valcur(nz:) , valpre(nr,60) , olvalc( 

lnr) , olvalp(nr .60)
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hsubmutine econ (j) 

PARM is- a list of subscript variables for dimensions 
include parm,list 

CDMBLK is a list vraiables common to all subroutines. 

Subroutine ECON . 

Calculates regional output from national forecast 

Usage : call .econ( region) 

Parameter Block PARM
_ Contains the dimensions for all the variables. 

nr number of regions/basins 
ni number of industries 
nkind nunber of kinds of wasteloading substances 

Common Block CDMBLK- 
list of variables for all subroutines. . 

dimensions of these variables are specified 
in data block PARVI 

b regional r.d.p.. matrix multiplier. 
ro regional output. 

dimension a(ni,nr) 
_double precision cno,b,nim,itmi0l,ihniO2,itmi03 
real mgal03 ,mgalO2 ,mt:miOl ,mtmi02 ,mtmi03 
real mxsim,munsup,munhrn,iwlsup,iwlhrn,olvalc,olvalp 
real mwl fac , iwl fac ,mwl , iwl ,mwwfl ,mtcost , impact , iwl sum , invest real mtmirl,mtmir3,mtmis1,mi:nis3,mtmihl,mtmih3,it:mirl,itmir3 ,itmis 

ll, itmis3, itmihl, itm ih3 
integer pr time ,pr ntpr ,out ,in 
integer a,c > 

equivalence(a(l,l) ,c(l)) 
common /time/ now,length,prntpr ,prtime,iend



common /iunit/ in,out,int ’ ' 

common /names/ itmi01(nr,ni)_ ,itmi02(nr,ni) ,itmiO3(nr,ni) ,c(nd)_ 
common /varsl0/ ngal02(l1),tb1d(nr,nkind) -

' 

common /blkl/ ro(nr,ni),pop(nr),mwlfac(nz,nkind),mwl(nr,nkind);iw1 
1fac(ni,nkind),iw1(ni,nkind), smwfac(nz,nkind),siwfac(ni,nkind),pre 
lv(nr,ni) 
comon /blkZ/ distld(nkind,ntype),prpcap(nr,ntype),ctiff(nkind,nty 

lpe) ,trulod(nkind,ntype) - - —

' 

common /blk3/ utrt(nz,nkind),sunvst(nj),impact(nj),chmfac(100),ch 
lwfac(l00) 
common /blk4/iw1sum(nr,nkind),b(ni),sumiti(nr,ni),mtcost(ntype) 
common /blk5/ cno(nj).mwwfl(nr),effdlr(l00):PCwatr(nr,100),depr 
comon./blka/. uratio(nr),urbp0p(nr),p1(np,npolst),nowyr(np,npolst 
l),lastyr(n,npolst), nim(np,nj,npolst),invest(np,npolst) 
comon /blk7/ ngalO3(nr,ntype),mtmi0l(nr),mtmiO2(nr),mtmi03(nr),ma

I 

1xs02(nz,nkind)
_ 

common /ten/ destr1(nr,100),bastr1(nr,100),sdestr(nr,l00),bastr2(n 
1r,l00) 
cmmon /eleven/ munsup(nkind),munhrn(nkind),iwlsup(nkind),iwlhrn(n 
lkind),tblsu(nkind),tblhrn(nkind),ttbsup(nkind),ttbhrn(nkind),cali 
1br(nr,nkind),ttbld(nr,nkind),observ(nr,nkind) ' 

common /twelve/ stockl(nr,ni),stock2(nr,ni),stocp1(nr,ni),stocp2(n 
lr,ni) ‘ ‘ 

common /thirt/ mtmir1(nr),mtmir3(nr),mtmis1,mtmis3,mtmihl,mtmih3,i 
ltmir1(nr),itmir3(nr),itmisl,itmis3,itmihl,itmih3 
common /fort/ zb(nr),zc(nr),mxsim(nr,lO0),ddist1(nkind,ntype),tdis 

ltl (nr ,nkind,ntyp.e) ,3‘ flag ,temp2,i1ook(l5) 
common /fift,/ pcapbs(nr,ntype) , valcur(nr) , valpre(nr,60) , olvalc( 
lnr), olvalp(nr,60) 

LIST OF VARIABLES. 
do 5 i=1,ni

V 

ro(j,i)=cno(i)*b(i) 

return 
end
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‘D

% 
% Data Block HERMAN ' 

%- Contains data for adj ustunent of length of simualtion 
% .

%
% 
block data herman
% 
% LIST OF VARIABLES. 
% length length of simulation period 
% prntpr output printing interval 
% pr time output printing year 
% now the year for output printing 
% iend ending year of simulation
% 
implicit integer (p)
% 
common /time/now,leng th,pr ntpr ,prtime , iend ‘ 

data now/1971/,prntpr/1 0/ ,1nmax/60/ ,pagcnt/1/ 
data iend/202A0V/
% 
end
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subroutine POPUL8 
Calculates population ratios. 

Usage: call popul8 (regpop,urbpop,uratio ,nr) 

LIST OF VARIABLES. 
regpop regional population 
uratio urbanization ratio 
urbpop urban population 
nr number of regions 

ubroutine popul8 (regpop,urbpop,uratio,nr)
I 

dimension regpop(nr) ,urbpop(nr) ,uratio(nr)
%
% 
do 101 l=l,nr 
urbpop( 1) =re<3p0p( 1) *uratio (1) 
101 continue ‘ 

% . 

return 
end
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Subroutine SPEND 
Calculates impactscreated by additional 
investment each year. 

‘ 

Usage: call spend 
Variable declarations are in (DMBLK, & PARM 
Variable definitions are in MAIN ' 

subroutine spend 
% . 

% PARM is a list subsc'_ript vraiables for dimensions 
include _parm,list
% 
% COMBLK is a list of variables common to all subroutines. 
incluie comblc,‘list -

% 
% 
%
% 
% Calculation of Dnpact for each year.
% 
$5 . for each industry 

% 
_ 7 

% initialize impact 
irI1Pact( i) =0 . 

sunvst ( i) =0 . 

.—% 
% for each investment channel 
do) 20 k=l,np '

% 
% for each year of impact. 

. 

do 30 m=l,npolst 
% . 

% select correct multiplier 
ny=nowyr(l-:,m) 
% . 

% if investment is zero, forget about impact 
if(invest(k,m) .eq.0..) go to 30
% 
% calculate impact of investment 
%imp'act(i)=impact(i)+(invest(k,m),/25e6)*nim(k,i,ny) 
sumvst ( i) =sumvst ( i) + invest ( k ,m) 
nowyr (k,m) =nowyr (k ,m) +1 -

. 

if(nowyr(k.m) .q1:. lastyr(k,m)) nowyr(k,m)=1 
30 continue 
20 continue
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- % 7 

% sum up efifecti on this industry 
% 

' scale the impact to‘ proper units 
if( i-34) 9873,9874,9873 ’ 

9874 impact( i) =impact( i) *le3 
go to 9876 
%. 
9873 if(i .eq. 32) go to 9876 
im’pact( i) =1'mpact( i) *le6 
9876 cno( i)=cno (i) +impact(i) 
10 continue 
%
% 
return 
end



md\°dPdPo\°dPdPdPd0’dPdPdPdPdPdP 

1- 101-‘ 

Subroutine TECHN calculates industrial treatment costs, & 
additional treatment costs. . 

Usage: call techn ( reg ion , year) v 

variable declarations are in COMBLK, & PARM.
y 

variable definitions are in MAIN. -

‘ 

C. 

ubroutine techn(j,index) 

Parm is a list of subscript variables for dimension control. 
'nclude parm,list 

COMBLK is a list variables & their dimensions common to 
all subroutines. i 

'nclude coblc,list 

d\°d9dPd9d°dPi-‘ 
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Calculate municipal treatment capacity. 
do 10 nt=l,ntype . 

m9a103(j:nt)=HSal02(j)*PIPCaP(jrnt) 
mgal03(j,nt)=mgalO3(j,nt)+((effdlr(index)*mtmi03(j))/mtcost(nt)) 
10 continue 

Industrial treatment costs calculation sector. 
dt°d.°d‘9d°dPd\°d(°d°dPo\° 

Calculate r.d.p. ratio (current yr/previous yr) do 100 k=l,ni V 

»'
-

% 
if(index .eq. 1) prev(j,k)=ro(j,k) 
if(prev(j,k)_.ne. 0.) goto 6 
temp2=0.

. 

goto 7
% 
% TEMP2 change by CHWFAC. 
6 temp2=(r0(j,k)/prev(j,k))~chwfac(index)
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1f(umm2.lt.0J Ummkfl. 
7 prev(jIk)=ro(jIk) 
% .

% 
2; Calculate base industrial treatment costs, ITMI0l. 
if(index .eq. 1) stock2(j,k)=sumiti(j,k) 
if(index .eq. 1) stocp2(j,k)=stock2(j,k) 
% '

. 

stockl(j,k)=stock2(j,k) 
it:mi0l (j ,k) =effd1r ( index) ?*(stockl (j ,k) *temp2+stockl (j ,k) *depr)-stockl (j ,k)

I 

if(temp2 .eq. 0.) itmi0l(j,k)=0. 

% . 

2; Calculate additional industrial treatment costs, ITMIO3. 
if(destrl(j,index) .1e. .90) z=(destrl(j,index)--bastrl(j,index)) 
if(destrl(j,inex) .gt. .90) z=exp(.5*((destrl(j,index)—.90)*l00.)) 
% . 

stocpl(j',k)=stocp2(j,k) '

_ 

imi03 (j ,k)=effdlr ( index) *( (a(k,j) *z*stocpl (j ,k) *temp2)+stocpl (j ,k) * % 
temp2+stocpl(j,k)*depr)-stocpl(j,k). ' '

a 

if(temp2 .eq. 0.) itmi03(j',k)=0. ‘

. 

stocp2 (j ,k)=stocp2 (j ,k) +itmi03 (j ,k) -stocp2 (j ,k) *depr 
it:mi02 (j ,_k)=itmi03 (j ,k) —itmi0l (j ,k)
%
% 
% ’ Sum industrial treatment costs for regions. 
itmir.1(j)=itmirl(j)+i1zniOl(j,k) 

V itrnir3(j)=itmir3(j)+j_tmiO3(j,k) 

o\<.>‘do‘dpd9 

100 continue 

o’Po\°d\° 

Sum industrial treatment costs for lakes, superior, & Huron. 
if(j .gt. 4) go to 30]. 
itmisl=itmisl+itmirl(j) 
itmis3=itmis3+itmir3 (j) 
go to 302
% 
301 itmihl=itmihl+itmir1(j) 
itmih3=itmih3+itmir3 (j) 
302 continue 

o\9 

retur n 
end
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%
% 
% -

V 

% Subroutine WLINT — Wasteloading Integrator. 
‘ % Calculates municipal wasteloading & municipal investment, 

— % and industrial wasteloaing. 
% .

- 

% Usage: ' call wlint(region,year)
V 

% 
‘ variable declarations are in CDMBLK & PARM. 

% variable definitions are in MAIN.
%
% %r
%
% 
subroutine wlint(j,index) 
% .

- 

% PARM — a list of variables for variable dimensions. 
include parm,list 

COMBLK — a list of variables & their dimensions common to 
all subroutines. ‘ 

nclude comblc,listH 

d°d°d9 

» Municipal Wasteloading Calculation Sector. 

Municipal waste calculation. 

<N9c¥’o‘Pd\°dPd°dPo\°d9o\°dP0\°69 

Calculate population waste water flow. 
mwwfl(j)=urbpop(j)*pcwatr(j,index) 
% 

'

. 

% Initialize 
do 9 k=1,nkind 
9 mwl(j,k)=0. 
% . 

% Calculate municipal wasteloading in tons per year. 
do 10 k=l,nkind 
if(mwfac(nz,k) .eq. 0.) go to 10 
mWl(j.k)=(urbpop(j)*smwfac(nz,k))/2000. 
10 continue 
%

. 

% Calculate fractions to be treated, or not to be treated. 
% For 'Zero discharge 1985 policy‘ , 100 % gets-treated. 
zc(j)=l.-zb(j)
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if(jflag .ne. 3) goto 2018 
if(now .gt. 1984) mxsim(j,index)=1. 

' 2018 zFzb(j)+mx-s1'm(j,ind@()*zc(j) 
zn=l.-zz
%
% 
%
% 
% ’ 

A

. 

% Municipal treatment investment calculation sector. 
% . 

% . 

% Calculate municipal investment MTMIOI for base scenario only. 
1f(jflag .ne. 1) goto 7163 
mtmi0l(j)=O. 
o1valc(j)=0. 
do 6163 nt=l,ntype 
6163 olvalc(j)=o1valc(j)+ (mwwfl(j) *zb(j) *pcapbs(j ,nt) *mtcost(nt)) 
olvalp(j,index)=olvalc(j) . 

if(index .gt. 1) goto 5163 9 

mtmiol(j)=olvalp(j,index) 
goto 7163 
% ' fl’- 
5l63 mtmiol(j)=olvalc(j)~olvalp(j,index~l)+0.02*olvalp(j,index~l) 
if(mtmi0l(j) .lt. 0.) mtmi0l(j)=O. »

_ 

7163 continue - 

% . 

%. 
% Initialize 
mtmiO2(j)=0. 
mtmi03(j)=0. 'vflcm1fi=m 
% 

. . 

% Calculate additional municipal treatment investment MMI02 ~ 

% MTMI03 . - - 

do 7597 nt=l,ntype 
<

’ 

valcur(j)=valcur(j)+(mwwfl(j)*zz*prpcap(j,nt)*mtcost(nt)) 
7597 continue
% 
valpre(j,index)=valcur(j) 
if(index .gt. 1) goto 6597 
mtmi03(j)=valpre(j,index) 
goto 5597
% 

9 6597 mtmiO3(j)=valcur(j)~valpre(j,index—l)+0.02*valpre(j,index-1) 
5597 if(mtmi03(j) .lt. 0;) mtmiO3(j)=0. 
mtmiO2 (j) =mtmi03 (j)~mtmi0l (j) 

Sum investments for lakesé Superior, & Huron. 
f(j .gt. 3) go to 501 ’ 

P-‘o\°o\0a\°
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% - 

_ 
superior; regions 1-3 - 

% huron : regions 4-7 
mtmisl=mtmis1+mtmi0l (j) V 

mtmis3=mtm_is3+mt_:n i03 (j) 
go to 502 ‘

% 
' 501 mt:nih1=mtmihl+mtmi0l (j) 
mtmih3=mtmih3+mtm-i03 (j) 
.502 continue 

0969 

6903969 

Calculate portions of municipal waste treated, untreated. 
do 824 k=1,nkind 

_ _

V 

untrt(l,k)=2.n*mwl(j,k) ' 

mw]-(j rk)=ZZ*mW.]-(jlk) 
824 continue 
% . 

% , 

’ Calculate municipal loading after treatment by the 3 types. 
do 7001 k=l,nkind . 

do 7002 nt=1,ntype
A 

7002 distld(k,nt)=mwl (j ,k) *prpcap(j ,nt) 
7001 continue 
96 

(10613 k=1,nkind 
mwl(j,k)=O.

. 

do 614 nt=1,ntype 
trulod (k,nt)=distld(k,nt) *ctiff(k,nt) 
mw1(j,k)=mwl(j,k)+trulod(k,nt) ' 

ddistl (k ,nt) =distld (k ,nt) -td istl (j ,k ,nt) 
tdistl (j ,k _,nt)=distld(k,nt) ' 

if(ddistl(k,nt) .lt. 0.) ddis_tl(k,nt-)=0. 
614 continue 
"613 continue
%
% 
% 
‘-35

% 
% Industrial wasteloading calculation sector. 
% _

. 

%
%
% 
% Initialize 
983 do 20 k=l,nkind 
iwlsLm(j ,k) =0.
% 
% Calculate industrial loading. 
do 30 i=1,ni ‘

‘
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iwl(i,k)=0. .

' 

j_f(iwlfac(i,k) .eq. 0.), go to 982 . 

iwl(i,k)=(ro(j,i)*(iwlfac(i,k)*((1.-destrl(j,index))/(1.-bastr2(j,index)))))/2000. 
.982 iwlsm(j,k)=iwlsum(j,k)+iwl(i,k) 
30 continue 
% . 

% Integrate municipal, total, calibrated loadings, & maxima. 
% subroutine CALBBB is for calculation of calibrated total. 
mwl(_j,k)=mwl(j;k)~+untrt(nz,k) - 

_ _ V

. 

tbld(j,k)=mwl(j,k)+iwlsum(j,k) .

‘ 

if(now .eq. 1974) call calbbb(nr,nkind,observ,tb1d,calibr) 
ttbld (j ,k)=calibr (j ,k)+t'bld(ju,k) 
maXs02 (nz ,k)’=amax1(maxs02(nz,k) ,tbld (j ,k) )' 
20 continue 

Sum loadings for lakes: Superior, & Huron. 
f(j .gt. 3) go to 1001 

superior : regions 1-3 
huron : regions 4-7 

dfidpl-'d0dPd°o‘P 

do 1002 k=1,nkin
_ 

munsup( k) =munsup(k)+mw1 (j ,k) 
iwlsup(k)=iw1sup(k)+iwlsLm(j ,k') 

' 

tblsup(k)=tblsup(k)+tbld(j‘,k) 
1002 ttbsup (_ k) =ttbsup,( k) +ttbld (j ,k) 
go to 1004 
‘6 

1001 do 1003 k=l,nkind 
munhrn( k) =munhrn(k) +mwl (j ,k) 
iwlhrn( k) =iwlhrn( k) +iwl sLm(j ,k) 
tblhrn(-k)=1~blghrn( k) +-tbld(j ,k) 
1003 ttbhrn(k)=ttbhrn(k)+ttbld(j,k) 
1004 continue
% 

‘6

% 
100 return 
‘end 

_..........-............
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