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SYNOPSIS 

On May 3, 1977, t h e   I n t e r n a t i o n a l   J o i n t  Commission ( I JC) ,  a t  t h e  
r eques t  of the  governments of t he   Un i t ed   S t a t e s   and  Canada, e s t a b l i s h e d   t h e  
I n t e r n a t i o n a l  Great Lakes  Diversions  and  Consumptive Uses Study  Board t o  
i n v e s t i g a t e   t h e   e f f e c t   o n   t h e  water l e v e l s  and  outflows of t h e  Great Lakes 
o f :  e x i s t i n g  and  proposed new o r  changed   d ivers ions   in to ,   ou t  of and  within 
t h e  Great Lakes  basin;   and  exis t ing  and  reasonably  foreseeable   pat terns  of 
consumptive water uses. 

The  purpose of t h i s  Annex i s  t o  document i n   d e t a i l   t h e   a p p r o a c h  and 
methodology  used  to  project  consumptive water u s e   i n   b o t h   t h e   U n i t e d   S t a t e s  
and  Canadian  portions of t h e  Great Lakes  and t h e i r   b a s i n s  from a base  year  
1975 t o  t he   yea r  2035. P ro jec t ions  are a n   i n t e g r a t i o n  of  consumption i n  
seven water use  sectors  from  lake  and  nonlake  sources  within  each of t h e  
f i v e  Great Lakes  and t h e i r   d r a i n a g e   b a s i n s .  The Un i t ed   S t a t e s   p ro j ec t ions  
are based on data and   ana lyses   ava i l ab le  from t h e  U.S. Departments of 
Commerce, Agricul ture ,   Inter ior   and  Energy,   the   Federal   Energy  Regulatory 
Commission,  and t h e  U.S. Water Resources  Council .   In Canada a 
comprehensive h i s t o r i c a l  data base was n o t   a v a i l a b l e  so mre fundamental  
da t a   ana lys i s   and  model  development was requi red .  Overall, however, t h e  
a p p r o a c h e s   t o   d e t e r m i n e   t h e   p r o j e c t i o n s   u s e d   i n   t h e  two c o u n t r i e s  are 
compatible. 

Findings  and  conclusions  based  on  the  data,   assumptions  and 
me thodo log ie s   desc r ibed   i n   t h i s  Annex a long   wi th   the   hydro logic   and  
economic  impacts of projected  consumptive water use   on   l eve ls  of t h e  Great 
Lakes are summarized i n   t h e  main repor t .  
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ANNEX F 

CONSUMPTIVE WATER USE 

1.1  In t roduct ion  

T h i s  annex   desc r ibes   i n   de t a i l   t he   me thodo logy   t ha t  was used  to 
develop  the  projections  for  the  Consumptive Uses s e c t i o n  of t he  
I n t e r n a t i o n a l  Great Lakes  Diversions  and  Consumptive Uses Study 
which  has  been  conducted i n  response  to  a 21 February 1977 r e fe rence  
t o   t h e   I n t e r n a t i o n a l   J o i n t  Commission ( 2 6 ) .  Project ions  extend  f rom 
1975 t o  2035. The discussion  encompasses  each of the  Seven water 
use   s ec to r s   t ha t  were addressed   in   the   s tudy  from both  the  Canadian 
and Uni ted   S ta tes   perspec t ives .   These   sec tors   inc lude   munic ipa l ,  
rural-domestic , manufac tu r ing ,   min ing ,   ru ra l - s tock ,   i r r i ga t ion  and 
thermal power gene ra t ion  water uses.  

Mul t ip l e   a l t e rna t ive   p ro j ec t ions   based  on v a r i a t i o n s  of t h e  
most sens i t ive   assumpt ions  were deve loped   t o   e s t ab l i sh  a range  of 
p ro jec t ions   t ha t   enve lop   t he   mos t   l i ke ly   p ro j ec t ion  (MU). The 
sources   o f   t hese   a l t e rna t ive   s cena r ios   o r   t he   spec i f i c   a s sumpt ions  
which were var ied  are a l so   i nc luded   i n   t h i s   annex .  

The Consumptive Uses Data Set   (page F-130) t a b u l a t e s  MLP water 
withdrawals  and  consumptive  uses in   var ious   combina t ions   by   count ry ,  
by ind iv idua l   l ake   bas in ,  by t h e   t o t a l   b a s i n ,  and by water use 
sec to r   i n   f i ve   yea r   i nc remen t s   t o  2035. 

I n  1969, t he   Regu la t ion   Subcomi t t ee  of t h e   I n t e r n a t i o n a l  Great 
Lakes  Levels Board i ssued  A Survey of Consumptive Use of Water i n  
the  Great Lakes  Basin ( 2 7 ) .  That  report   helped  to e l i c i t  some of 
t he   conce rns   t ha t   l ed   t o   p repa ra t ion   o f   t he   p re sen t   r epor t .  A 
d e t a i l e d   a n a l y s i s  and intercomparison of t he  two r e p o r t s  is a l s o  
inc luded   i n   t h i s   annex   (Sec t ion  9 ) .  

This  annex i s  a mosaic   of   detai led  explanat ions  of  
methodologies  used  by  the U.S. and  Canada in   deve lop ing   t he  water 
use  project ions.   These  explanat ions are derived  from a number of 
sources ,   bas ica l ly   documenta t ion   prepared  as background t o   t h e  
p r e p a r a t i o n   o f   i n i t i a l   d r a f t s  of the   main   repor t   (Sec t ion  6 ) .  

1 . 2  Perspec t ive :   Uni ted   S ta tes  

The p r i m a r y   o b j e c t i v e s   o f   t h i s   e f f o r t  were to  1 )  ob ta in  a l l  
a v a i l a b l e   r e g i o n a l  water u s e   d a t a ,  2) compare t h e   d a t a ,  3 )  review 
assumptions and methodologies and 4 )  develop a set  of p r o j e c t i o n s  
for   each  water use  sector .   Pr imary  sources  of information  included 
t h e  1972 OBERS Project ions  of   Regional  Economic A c t i v i t y   i n   t h e  
Uni ted   S ta tes ,   the  U.  S .  Geological  Survey (USGS) repor t s   "Es t imated  
Use of Water in   the   Uni ted   S ta tes"   for  1970 and 1975,  t he  U.S. Water 
Resources  Council 1975 National  Water Assessment (NAS) , t h e   r e p o r t s  
by   t he   Reg iona l   Re l i ab i l i t y   Counc i l s ,  and the  Great Lakes  Basin 
Comnission (GLBC) Framework s tudy   (base   year  1970) .  The 1976 Canada 
Water Yearbook  and t h e  1969 s tudy  by the  Regulation  Subcommittee  of  the 



International Great Lakes  Levels Board were a l s o  examined.  These 
repor t s   p rovided   base   year  water withdrawal and consumptive  use by 
s e c t o r  and geograph ic   d iv i s ions   fo r   t he  U.S. po r t ion  of the  Great 
L a k e s .   S i g n i f i c a n t l y   d i f f e r e n t  water use   p ro jec t ions   in   each   of  
t hese   r epor t s   d i r ec t ed   t he   s tudy   e f fo r t   t o   compar i son  and 
ve r i f i ca t ion .   These   d i f f e rences  were found t o   r e s u l t  from 
v a r i a t i o n s   i n   1 )   o r g a n i z a t i o n  and du ra t ion  of c o l l e c t i o n   e f f o r t s ,  2 )  
des igna t ion   of   reg iona l  and sub-basin  boundaries,  3)  d e f i n i t i o n   o f  
c a t e g o r i e s  of water u s e   a c t i v i t i e s ,  4 )  water use   p ro jec t ion  
methodologies,  5 )  assumptions  and 6 )  data   bases .  The accuracy  of 
var ious  assumptions  used  in   previous  s tudies  was inves t iga t ed  by 
rev iew  of   ava i lab le   da ta  on urban and ru ra l   popu la t ion  s ta t is t ics ,  
i n d u s t r i a l   e a r n i n g s ,   i r r i g a t e d   a c r e a g e ,  and water use rates fo r   t he  
va r ious   u se   s ec to r s ,  and in t e rac t ions   w i th   peop le  who had 
p a r t i c i p a t e d   i n   t h e   p r e v i o u s   s t u d i e s .  

S tudy   e f for t s   focused  on the  development  of  the  selected sets 
of most l i k e l y   p r o j e c t i o n s   f o r   e a c h  water use  sector .   After  
cons idera t ion   of  a l l  ava i lab le   in format ion ,   the   Nat iona l   Assessment  
S tudy   f igures  were adopted as reliable estimates of water use  for  
the   rura l -domest ic ,   min ing ,   rura l - s tock ,  and c r o p   i r r i g a t i o n  
s e c t o r s .  This dec i s ion  was made in   v i ew of t h e  minor s i g n i f i c a n c e  
of  these  sectors,   the  comprehensiveness  of  the NAS e f f o r t ,  and the  
l a c k  of addi t iona l   in format ion .  W ' s  and a l t e r n a t i v e   p r o j e c t i o n s  
of water withdrawal and consumptive  use were genera ted   for   the   th ree  
major water use  sectors ,   municipal ,   manufactur ing,  and thermal 
e lectr ic  power genera t ion .  

The U S .  Water Resources  Council Second Nat ional  Water 
Assessment (NAS) , completed in   1978,   served as a fundamental  source 
of   information.  The water use  s tudy was conducted   in   th ree   phases ,  
1) the  nation-wide water use   ana lys i s  was undertaken by the  
Counci l ' s  member agencies   to  assess c u r r e n t  and f u t u r e  water 
requirements ,   problems  re la ted  to   this  water use and poss ib l e  
i m p l i c a t i o n s   f o r   t h e   f u t u r e ,  2) a spec i f ic   p roblem  ana lys i s  was 
conducted   by   reg iona l   agencies   to   re f lec t  state and r eg iona l  
viewpoints  about management of t h e i r  water r e sources ,  and 3 )  a 
na t iona l  water and related  land  use  problem  analysis  was developed 
from  information  col lected  in   the  previous  phases .  The NAS was 
o r g a n i z e d   i n   t h i s  manner to   a l l ow  p re sen ta t ion   o f  water supp ly   da t a  
and  problems  analysis  from state,  r e g i o n a l ,  and f e d e r a l  
perspec t ives .  The port ion  of   the  assessment   prepared by s ta te  and 
regional  agencies,   termed  the  State-Regional  Futures,  was completed 
i n  1975. The  National  Programs  and  Assessment  Task  Force,  aided  by 
federal   agencies,   completed  the  National-Futures  segment of t he  
s tudy   i n  1978 and p a r t i c i p a t i n g  s ta te  and r eg iona l   agenc ie s   i n   t he  
Great Lakes  region  adopted them. The Great Lakes  basin was divided 
i n t o  12 sub-basin areas to   exped i t e   da t a   co l l ec t ion .  These 
sub-basin areas approximate  hydrologic  drainage areas wi th in   the  
Great Lakes   bas in   wi th   boundar ies   a long   county   l ines   in   c loses t  
approximation  to   the  physical   drainage area. The Great Lakes states 
and a g e n c i e s   w i t h   r e s p o n s i b i l i t i e s   i n   t h e   b a s i n   i n c l u d i n g   t h e  
Federal  Power Commission,  Energy  Research  and  Development 
Administration,  Department of In te r ior ,   Depar tment   o f   Agr icu l ture ,  
and the  Department of Commerce Office  of  Business  Research  and 
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Analysis  (OBRA) were g i v e n   r e s p o n s i b i l i t y   f o r   c o l l e c t i n g  and 
compi l ing   da t a   r e l evan t   t o   t he i r   pa r t i cu la r  water use  concerns.  
These  agencies   re l ied upon l o c a l  and regional   planning  agencies  and 
m u n i c i p a l i t i e s   f o r  much of   the  required statist ical  information.  

Municipal and manufacturing water use estimates were developed 
by modi f ica t ion   of  NAS f igures .   Assumptions  concerning  the  nature  
of water use were appl ied   in   accordance   wi th   in format ion   ava i lab le  
i n   v a r i o u s   f e d e r a l  and state agencies   about   current   usage  t rends.  

Power f i g u r e s  had t o  be g e n e r a t e d   d i r e c t l y  from a v a i l a b l e   d a t a  
and information  obtained  from s ta te  and f ede ra l   agenc ie s  and 
r e l i a b i l i t y   c o u n c i l s .  However , many of the  assumptions  used  to 
formulate  NAS power water use   p ro j ec t ions  were appl ied   to   these  
f i g u r e s  a1 so . 

Pro jec t ions  were formulated  on  the basis of  assumptions  about 
growth and usage  trends  which are l ike ly   to   change   over   the  
p ro jec t ion   pe r iod .  The d i f f e r e n c e s   i n   p r o j e c t i o n s   f o r m u l a t e d   w i t h  
varying  assumptions  provide an i n d i c a t i o n   o f   t h e   s e n s i t i v i t y  of t he  
estimates to   changing   t rends .   Deta i led   explana t ion  and comparison 
of the methodologies and assumptions  used  to   der ive  present  and 
pro jec ted  water use   and   the   a l te rna t ive   scenar ios  are inc luded   i n  
t h e   s p e c i f i c  water use   sec tors .  

1 . 3  Perspec t ive :  Canada 

I n   c o n t r a s t   t o   t h e  U.S. p o r t i o n  of t he   s tudy ,  no well-defined 
national  assumptions  apply  to  the  Canadian  study  because no n a t i o n a l  
water demand forecas t   has   been   car r ied   ou t .   Avai lab le   t echniques  of 
water use and demand f o r e c a s t i n g  were used in  the  Canadian  approach 
t o   t h i s   s t u d y  ( 6 0 ) .  Genera l ly ,   the   research  was done  using  computer 
s imula t ion   techniques ,   which ,   g iven   cer ta in   bas ic   da ta  on the  
f o r e c a s t i n g  parameters, ca l cu la t ed   t he  water use  for  any  given 
ca tegory  a t  any   po in t   i n   t he  time horizon.   Factors   underlying many 
o f   t h e   f o r e c a s t i n g   v a r i a b l e s  were no t   eva lua ted   i n   t h i s   s tudy ,   bu t  
allowance was made fo r   t h i s   de f i c i ency   by   a l lowing   t he   va r i ab le s   t o  
assume a range  of   values .  

In   the   inves t iga t ive   phase   o f   the   Canadian   sec t ion  of t he  
s tudy ,  two pr inc ipa l   models  were developed. The f i r s t  i s  
demographically  based  and  forms  the  framework  of  estimated water 
uses   for   municipal  and rura l -domest ic   ca tegor ies .  A second model 
focuses  on t h e   i n d u s t r i a l   a c t i v i t y   i n   t h e   b a s i n ,  and forms  the  basis  
f o r  water use estimates in   manufac tur ing  and  mining.  Individual 
models were developed as t h e   b a s i s   f o r   f o r e c a s t s   i n   t h e  power 
g e n e r a t i o n ,   i r r i g a t i o n  and ru ra l - s tock  water use   s ec to r s  (58). 

1 . 3 . 1  A Review  of t h e  Water Use Forecasting  Problem 

I f  one word could be sa id   to   cap ture   the   p roblems  of  
f o r e c a s t i n g ,   t h a t  word would be "uncer ta in ty" .  Here , the  concept 
involves   th ree   p r inc ipa l   d imens ions  - economic u n c e r t a i n t y ,  
t echnologica l   uncer ta in ty  and t h e   u n c e r t a i n t i e s   i n h e r e n t   i n  water 
management p o l i c i e s .  
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Any economy is complex.  Unlike  physical  systems, parts of 
which  can be i s o l a t e d ,   c o n t r o l l e d  and experimented  with,  a s o c i a l  
system is  less amenable to   con t ro l l ed   obse rva t ion .  That is why 
p r e d i c t i o n   i n   t h e   s o c i a l   s c i e n c e s  i s  not   exact  , and why equa l ly   ab l e  
p r a c t i t i o n e r s   o f  a subjec t   can   have   vas t ly   d i f fe ren t   v iews .  It is 
a l s o  why, desp i te   the   ava i lab i l i ty   o f   advanced   forecas t ing   models ,  
economic p r e d i c t i o n s   o f t e n   t u r n   o u t   t o  be  wrong. 

There are three  fundamental  time frames  over  which  economic 
f o r e c a s t s  are conven t iona l ly   ca r r i ed   ou t .  A t  t he  most d e t a i l e d  
l e v e l  , f o r e c a s t s  have a one t o  two year  time frame , and are usua l ly  
done on a q u a r t e r l y  basis. Models by  the  Conference Board i n  Canada 
and the  Bank of  Canada are examples  of  the  tools  used a t  t h i s  
l e v e l .   S t a t i s t i c a l l y   q u a l i f i e d   s t a t e m e n t s  are given on many 
economic  parameters  (e  .g. real domestic  product,  unemployment , 
i n f l a t i o n  rates , e t c . )   i n   t h e s e   f o r e c a s t s .  Even here  though, 
p rec i s ion   can   o f t en  be l o s t  by p o l i c y   s h i f t s ,  embargoes , energy 
crises, and many o t h e r   f a c t o r s .  A t  t h e   n e x t   l e v e l ,   t h e  time frame 
is about 10 years .  Macro-economic too ls   such  as the  CANDIDE model 
by t h e  Economic Council  of Canada (54) are employed i n   t h i s   t y p e   o f  
f o r e c a s t .  Here, d e s p i t e   t h e  s ta t i s t ica l  base  employed,   project ions 
are viewed , not as c e r t a i n t i e s ,   b u t   r a t h e r  as condi t iona l   responses  
to  assumptions made to   operate   the  models .  A t  t he   t h i rd   l eve l   o f  
forecas t ing ,   on ly   b road  parameters, which  have some degree of 
regular i ty ,   wi th   normal ly  many years   of   past   observat ion,   such as 
popula t ion ,  are p ro jec t ed ,  and then   on ly  on a n   " a l t e r n a t i v e   f u t u r e s "  
bas i s .  P a s t  25 y e a r s ,   f o r e c a s t i n g   e n t e r s   t h e  realm of  guesswork. 
I f  we go back 60 years   to  1920, who would have  predicted  current  
s tandards   o f   l iv ing?  Who the  s ta te  o f   t r anspor t a t ion?  Who t h e  
i n t e r v e n t i o n  of a World War, and many smaller ones? The same 
problems are involved  in  going  ahead 60 years .  

Technologica l   forecas t ing  i s  even more d i f f i c u l t   t h a n  
economic. The current   problem  in   the  developed  world is  energy 
use.  The energy 'crisis '  a f fec ts   everyone   economica l ly ,   bu t  some of 
the  more i n t e r e s t i n g   e f f e c t s  w i l l  be technological.   These  cannot be 
pred ic ted ,   bu t  w i l l  i n e v i t a b l y   a f f e c t  water use.  Constant 
technological   assumptions are b u i l t   i n t o  the MLP. Methods  of water 
use ,   p roducts ,   p rocesses  and  even new i n d u s t r i e s  are c e r t a i n   t o  
develop  over 60 years. Because  the basic economic s t ruc tu re   has  
been   he ld   cons tan t   th roughout   th i s   paper ,   the   p robabi l i t i es  of 
wholly new developments  have  not  been  incorporated. Thus , 
t echnologica l   uncer ta in ty  i s  a major   source  of   error   in   the 
f o r e c a s t s  . 

The third  dimension of unce r t a in ty  relates to   pub l i c   po l i cy  
which  can  have  major e f f e c t s  on the  use  of water. Two examples w i l l  
s e rve   t o   demons t r a t e   t h i s   po in t ,  one r e l a t e d   t o  water q u a l i t y ,   t h e  
o the r   t o  water supply. Over the   pas t  10 y e a r s ,  water q u a l i t y  
d e t e r i o r a t i o n  has been a major  source  of  concern.  In  the Great 
Lakes area, t h i s   h a s   l e d   t o   l a r g e   p u b l i c  programs  of  research  and 
management i n  an a t t e m p t  t o   r eve r se   t he   de t e r io ra t ion .  These 
programs are proving  to be success fu l .  
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In  connect ion w i t h  water supply ,   f igures  on water use imply 
cons iderable  new expendi tures  on new or  expanded water supply 
systems.  In many cases, publ ic   expendi tures  are involved. Water 
supply and treatment  systems  already  comprise some of the  more 
c o s t l y  items of  public  expense  in  urban areas, and w i l l  be even more 
c o s t l y   i n   t h e   f u t u r e .  They w i l l  have  increased  in   cost   because  of  
compet ing  demands  for   capi ta l .   This   s i tuat ion makes i t  d e s i r a b l e  
from a pol icy   v iewpoin t   to   a t tempt   to  limit water supply  expendi ture  
by c u r t a i l i n g  demands. One such method  of doing so i s  through  the 
use of economical ly-based  pr ic ing  systems  (22) .   I f   th is  is done, 
and a t  t h i s   s t a g e  i t  i s  not  being  widely  considered,  the water use 
f o r e c a s t s ,   p a r t i c u l a r l y   f o r   t h e   m u n i c i p a l i t i e s  and some i n d u s t r i e s ,  
would be high. 

1.3.2 The Ontar io  Economy 

The aim of t h i s   s e c t i o n  i s  to   t ake  a very  br ief   overview  of   the 
Ontar io  economy and i t s  medium-term (i.e. to  1985)  prospects.  It i s  
undertaken  to   provide a background  against  which  to assess the  water 
use   fo recas t s .  The s ta t i s t ica l  b a s i s  of the  review is  an 
unpublished paper by  the  Department of Regional Economic Expansion's 
(DREE) Ontar io   Region   ( lo ) ,   fo recas ts   p repared   by   the   Ontar io  
Economic Council (51) and several   o ther   publ ished  works.  

1.3.2.1  Aggregate  Review 

The Province of Ontar io ,  and t h e  Great Lakes  basin  account 
for   roughly  40 percent  of Canada 's   nat ional   economic  act ivi ty .  
Severa l   ind ices   o f   th i s   dominat ion  are g iven   i n   Tab le  1. The 
province is  p a r t i c u l a r l y   s t r o n g  in terms of  manufacturing  and 
t e r t i a r y   s e c t o r s ;  and has a s t rong   bu t  less dominant   posi t ion  in  
a g r i c u l t u r e ,   f o r e s t r y ,   m i n i n g  and cons t ruc t ion .  

TABLE 1 

Source : 

CANADA: THE ONTARIO ECONOMY I N  A NATIONAL CONTEXT 1978 

Parameter % of Nat ional   Total  

Land Area 
Populat ion 
Labour  Force 
Retail  Sa les  
Export  Trade 
Personal  Income 
Real Domestic  Product 

10.7 
36.0 
38 1 
36.5 
44.2 
39.9 
41 e 0  
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In the  post-war  period  to 1973, Ontario had annual  growth 
rates of real domestic  product  over  f ive  percent,  well i n   excess   o f  
the   na t iona l   average .   S ince  1974, real domestic  product  growth has 
f a l l e n   t o  2.9 percen t ,  below  the  national  average, and  one of t he  
s lowes t   i n  Canada. In   addi t ion ,   Ontar io   has  assumed a r e l a t i v e l y  
low p o s i t i o n   w i t h   r e s p e c t   t o   s e v e r a l   o t h e r  economic i n d i c a t o r s  - 
percentage  growth  of   gross   provincial   product ;   percentage  growth  of  
per cap i t a   pe r sona l   d i sposab le  income;  percentage  growth  of  public 
and manufacturing  investment;   percentage  growth of r e s i d e n t i a l  
cons t ruc t ion ;  and o t h e r   f a c t o r s  ( l o ) .  Seve ra l   f ac to r s  have  combined 
to   cause   t h i s   r e l a t ive ly   s low  g rowth ,   i nc lud ing   gene ra l   r eces s ion   i n  
in t e rna t iona l   marke t s   (no tab ly   t he  U . S . ) ,  wage and p r i c e   c o n t r o l s ,  
i n f l a t i o n a r y   c o n d i t i o n s ,  and r i s i n g   e n e r g y   p r i c e s .  With regard  to 
e n e r g y   a v a i l a b i l i t y  and pr ices ,   Ontar io   has   been   very   sens i t ive   to  
t he  post-1973, OPEC-induced rise in  petroleum prices. With 
p r a c t i c a l l y  no pe t ro leum  or   na tura l   gas   resources ,   the   Province ' s  
indus t r ies   have   exper ienced   lower- than-poten t ia l   g rowth .   In   fac t ,  
t he   dec l ine   o f   On ta r io ' s   r e l a t ive   pos i t i on   i n   t he  economic p i c t u r e  
of Canada d a t e s   e x a c t l y  from  the  period  of  upheaval  in  the  world 
petroleum  markets.  In terms o f   s p e c i f i c   i n d u s t r i e s ,   t r a n s p o r t a t i o n  
and communications, and f inance ,   insurance  and real es ta te  have  been 
r e l a t ive ly   h igh   g rowth   pe r fo rmers ,   wh i l e   ag r i cu l tu re  and  mining  have 
had r e t a r d i n g   e f f e c t s .  

I n   s p i t e  of t h e   r e l a t i v e   d e c l i n e   i n   t h e   O n t a r i o  economy, 
income performance  has  been  above  the  national  average  throughout 
t he  1970's and the  Province s t i l l  cons t i tu tes   Canada ' s   h ighes t  
concent ra t ion  of income, a t  about 40 percent  of the n a t i o n a l   t o t a l .  
The populat ion  has  grown a t  only  1.1 percent  annually  between 1977 
and 1979, lower   than   the   na t iona l   average ,   in   cont ras t   to   the  
t r a d i t i o n a l   s i t u a t i o n   i n  which  Ontario 's   population  growth  has  been 
above  average. A l o w e r i n g   b i r t h  rate and a s lackening  of  
imig ra t ion   accoun t s   fo r   l ow  g rowth  rate. The l abour   fo rce   i n  1978 
has  expanded a t  3.8 percent   annual ly ,   wi th  employment increas ing  a t  
3.6 percent .  The previous two years  s a w  much t h e  same growth,   with 
inc reas ing  rates of  unemployment be ing   the   resu l t .   This   pa t te rn  i s  
t h e   r e s u l t  of the  post-war  baby boom and is expected  to be rep laced  
by poss ib l e   l abour   sho r t ages   i n   t he   mid -e igh t i e s  (10). The 
s t ronges t   l abour   g rowth  was expe r i enced   i n   t he   t r anspor t a t ion  and 
communication  and the   f inance ,   insurance  and real estate s e c t o r s ;  
the   weakes t   in   cons t ruc t ion  and non-agricul tural   pr imary 
i n d u s t r i e s .  The s e r v i c e  and manufactur ing  sectors  are t h e   l a r g e s t  
employers  in  the  Province.  

1.3.2.2 Brief Reviews of Selected  Sectors  

Th i s   s ec t ion  augments t h e  material g iven   i n   Sec t ion  
1.3.2.1 by rev iewing   recent   per formance   in   spec i f ic  economic 
sec to r s .  The s e c t o r s   s e l e c t e d  as being  the  most  important  in terms 
of water use are: pr imary   indus t r ies ;   manufac tur ing;  and 
t r a n s p o r t a t i o n ,  communication and u t i l i t i e s .  
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The p r i m a r y   i n d u s t r y   s e c t o r   c o n s i s t s  of a g r i c u l t u r e ,  
f o r e s t r y  and mining,  which  form many of   the  important   resource 
underpinnings  of   the  Ontar io  economy. In   1978,   farm  cash  receipts  
witnessed a very  rapid  (real)   growth  of  17.5  percent  over  1977. 
This   fol lowed  three  years  of l i t t l e  or  no growth, so when s e e n   i n  a 
four -year   perspec t ive ,   the  rate seems to  be qui te   modest .   Forestry 
a l s o  showed a v e r y   h i g h  21 percent   expans ion   in   t imber   harves t   in  
1978,  due  to good per formance   in   the   fores t -based   indus t r ies .  The  
mining  industry  experienced a dec l ine   i n   1978 ,  due t o  a m a j o r   s t r i k e  
a t  Internat ional   Nickel   in   Sudbury.   This  was the  second  year   of  
d e c l i n e   ( l o ) .  

Manufacturing  in  1978  advanced s i x  percent   over  1977 i n  
real domestic  product.   This was s t i l l  lower  than  the  nat ional  
average  growth,  a s i t u a t i o n   c o n s i s t e n t l y   e x p e r i e n c e d   d u r i n g   t h e  
1970 ' s .   Favourable   fac tors   in   th i s   g rowth  were c a p a c i t y   u t i l i z a t i o n  
i n c r e a s e s ,   r i s i n g   p r o d u c t i v i t y  rates and   s lower   increases   in   un i t  
l abour   cos t s .  The lower  exchange rate (vis-a-vis   the  United 
S ta tes ) ,   removal   o f  wage and p r i c e   c o n t r o l s  and higher  product 
p r i c e s   a l s o   a i d e d   i n   t h i s   r e l a t i v e l y   h i g h   g r o w t h .  Wood, primary 
metals, auto  assembly and  machinery were the   bes t   per formers  among 
the  manufactur ing  sectors .  

The t ransporat ion,   communicat ion and u t i l i t i e s   s e c t o r  is  a 
high  growth area in   t he   On ta r io  economy. Real domest ic   growth  for  
u t i l i t i e s  w a s  6 . 4  percent  (over  1977) and i n   t r a n s p o r a t i o n  and 
communication 4.5 percent.  These  high  growth rates are expec ted   to  
con t inue   fo r  some cons iderable  time per iod .  

1.3.2.3 The Great Lakes  Basin  Implication 

The Great Lakes bas in   ( e s sen t i a l ly   Sou the rn   On ta r io   p lus  a 
cons iderable  area of  Northern  Ontario 's   producing economy) 
cons t i t u t e s   t he   ma jo r   sha re  of the   Ontar io  economy. A s t rong  
consumer demand p l u s   t h e   r e c e n t  rise i n   e x p o r t s  have  contr ibuted  to  
a good economic  performance i n  1 9 7 8 ,   p a r t i c u l a r l y   i n   t r a n s p o r t a t i o n  
equipment, steel and  machinery.  In  Southwestern  Ontario, 
agr icu l ture   p roved  a source   o f   s t rength ,  as d i d   t h e   s e r v i c e   s e c t o r  
in   Met ropol i tan   Toronto .   Prospec ts   for   cont inued   growth  are good, 
e spec ia l ly   i f   exchange  rates and un i t   l abour   cos t s   con t inue   t o  
r ema in   r e l a t ive ly  low. Areas o f   p a r t i c u l a r   s t r e n g t h  w i l l  be t h e  
au to   i ndus t ry ,   av i a t ion ,   chemica l s  a t  Sa rn ia ,  and steel product ion 
a t  H a m i l  t on ,   Sau l t   S t e .  Marie and a new f a c i l i t y  a t  Nanticoke. 
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1.3.2.4 The Role  of  Energy 

I n   t h e   i n d u s t r i a l  economy of   Ontar io ,   the   role   of   energy,  
i t s  supply and p r i c e  is c r i t i c a l .  While t h e   i n d u s t r i a l   b a s e  of the  
Province was developing  in   the  decades of t h e   f i f t i e s  and s i x t i e s ,  
energy was re l a t ivey   abundan t  and c h e a p ,   w i t h   t h e   r e s u l t   t h a t  
i ndus t ry  became energy-intensive,  and  Canadians became the   h ighes t  
per capi ta   users   o f   energy   in   the   wor ld   (21) .  The importance  of 
energy   in   Ontar io  i s  exemplif ied by the   fac t   tha t   the   pos t -1973 era,  
a period of r ap id ly   r i s ing   ene rgy   cos t s ,   has   been  one  of  slower 
growth ,   h igh   in f la t ion  and g e n e r a l l y   s l u g g i s h  economic  performance. 
The period  from  1978 has witnessed  adjustment  to  these  higher 
pr ices ,   wi th   the  consequence  that   growth rates have  been 
re -es tab l i shed  a t  modera t e ly   h igh   l eve l s .  

Few s t u d i e s  have  been made of  the  response of  economic 
growth  to  higher  energy  prices.   In a s tudy  of t he  U.S. economy, 
Hudson and Jorgenson  (24) s b w  tha t   each   percentage   reduct ion   in  
energy  input   (e .g .   through  higher   energy  pr ices)   leads  to  a 0.2 
pe rcen t   dec rease   i n  real GNP. This   i nd ica t e s  a r e l a t i v e l y   i n e l a s t i c  
response of  economic  growth  to  energy  inputs, and sugges t s   t ha t  
decreases   in   energy  use  have a less- than-proport ional  impact on 
economic  performance. A f e d e r a l  Department of Energy, Mines  and 
Resources (EMR) s t u d y   i n d i c a t e s   t h a t   t h e   p r i c e   e l a s t i c i t y   o f   e n e r g y  
demand i n  Canada f o r   t h e   i n d u s t r i a l   s e c t o r  i s  -0.298 (7) .   This  
i n d i c a t e s   t h a t  .a one percent   increase   in   energy   pr ice  w i l l  produce 
roughly a 0 .3  p e r c e n t   f a l l   i n   e n e r g y  demand. I f   both of these  
c o e f f i c i e n t s  are appl ied   to   Ontar io ,  a 10 percent  rise in   ene rgy  
p r i c e  w i l l  produce a 0.6 p e r c e n t   f a l l   i n   p o t e n t i a l  GNP. This 
sugges t s   quan t i t a t ive ly   t ha t   t he   p r i ce   o f   ene rgy   cou ld  have e f f e c t s  
upon the  growth rate. 

1.3.2.5  Comparative  Advantage 

Although  the  Ontario economy has  demonstrated 
slower-than-average  growth  through  most  of  the 1 9 7 0 ' ~ ~  the  Province 
s t i l l  has a number of comparative  advantages  vis-a-vis Canada as a 
whole. O n t a r i o ' s   l o c a t i o n ,   c e n t r a l   i n  Canada  and in   t he   mids t   o f  
t he  U.S.  market , o f f e r s  unmatched marketing and t r a n s p o r t a t i o n  
advantages.   Nationally,   the  abundance  of water has   a ided   in   the  
p a s t ,  and w i l l  c o n t i n u e   t o   a i d   i n   t h e   l o c a t i o n  of  heavy  industry, 
which r e q u i r e   l a r g e  water suppl ies .   Al though  the  western  par t   of  
Canada is current ly   undergoing  rapid economic  growth, t h i s   g rowth  
may not   extend  to  a comple t e ly   d ive r s i f i ed  economy because  of water 
cons t r a in t s .   O the r   na tu ra l   r e sources ,   such  as minera ls  and 
par t icu lar ly   u ran ium are abundant i n   t he   P rov ince ,  and w i l l  cont inue  
to   provide raw material advantages   for   Ontar io ' s   indus t ry .  The 
future   emphasis  on nuclear  energy  by  Ontario Hydro i s  founded upon 
the  uranium  resources of the  Province.  It has  been assumed t h a t  
s a f e t y  and envi ronmenta l   cons t ra in ts  w i l l  be met e f f e c t i v e l y ,  and 
t h a t   t h e   p r e s e n t l y   a n t i c i p a t e d   r o l e   o f   t h i s   e n e r g y   s o u r c e  w i l l  
mater ia l ize .   Other   comparat ive  advantages of the  Province  include a 
d i v e r s i f i e d   i n d u s t r i a l   s t r u c t u r e ,  a pool  of w e l l  educa ted ,   sk i l l ed  
labour ,   the   p resence  of a we l l -deve loped   t e r t i a ry  economic s e c t o r ,  
wi th  a nat ional   market  , and a l a rge ,   concen t r a t ed  and g e n e r a l l y  
a f f luen t   marke t .  
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The primary comparative disadvantages of Ontar io ,  
vis-a-vis   future   development ,   centre   around  the  a lmost   complete  
absence  of  petroleum  resources.  The need to   import   these  resources  
leaves   the   Province   open   to   the   p ressures   o f   r i s ing   pr ices ,   which  
have  to be met i n   t h e   s h o r t  term because  petroleum i s  one  of 
Ontario's  economic  backbones.  In  the  long term, energy 
a l t e r n a t i v e s ,   s u c h  as nuclear  and  perhaps  hydro power are 
a v a i l a b l e .  However, t h e s e   a l t e r n a t i v e   s o u r c e s  w i l l  probably be more 
cos t ly   than   the   energy   ava i lab le   cur ren t ly .   Thus ,   the  more c o s t l y  
energy would t r ans l a t e   u l t ima te ly   t o   l ower   g rowth   t han  would be 
experienced  under   condi t ions of  low-priced  energy. 

1.3.2.6  Economic Outlook 

Several   forecasts   of   the   Canadian and Ontario  economies 
have  been c a r r i e d   o u t   i n   t h e  last  f i v e   y e a r s .  It i s  worthwhile 
rev iewing   the   f ind ings   o f   these   s tud ies   to   p rovide   an   independent  
bas i s   aga ins t   wh ich   t o   v i ew  the  economic fo recas t s   deve loped   i n   t h i s  
annex. 

The Ontar io  Economic Council  (51 , 14)  produced two 
fo recas t s   o f   ou tpu t   i n   On ta r io   fo r   t he   pe r iod  1977-87. The f i r s t   o f  
t hese ,   pub l i shed   i n   1977 ,   fo recas t s  a growth rate from  1975 to  1987, 
of   3 .2   percent   in   manufactur ing  output ,   3 .3   percent   in  a l l  goods 
producing   indus t r ies  and 4.2 p e r c e n t   i n   t h e   p r o v i n c i a l  economy's 
real domestic  product.  The 1978  updating  of  this  study  has  these 
growth rates a t  4.8 pe rcen t ,  4.4 percent  and  4.6 percent  
r e spec t ive ly .   In   bo th   s tud ie s ,   t he  rates are s l i g h l t y   i n   e x c e s s   o f  
the  corresponding rates f o r  Canada as a whole. 

The DREE r e p o r t  (10) f o r e c a s t s  a growth i n   O n t a r i o ' s  real  
domest ic   product   of   three  to   four   percent ,   r is ing  to   between  f ive 
and   5 .5   percent   in   the   ear ly   e ight ies .  The rate is expected  to  
moderate   to   between  four   percent   and  f ive  percent   in   1983 and  1984. 
These rates were presented   wi th  a la rge   cau t ion   tha t   they   might  be 
op t imis t i c   g iven   t he   June ,  1979 pe t ro leum  pr ice   increases   by  OPEC. 

The f e d e r a l  EMR depa r tmen t ,   i n  i t s  Energy   S t ra tegy   for  
Canada,  proj ects growth rates of  5.8  percent  in GNP annually  between 
1975  and 1980, and 3 .2   percent   thereaf te r   to  1990 (7) .   This  
t r a n s l a t e s   t o  a 15-year  growth rate of 4.1  percent .   This  ra te ,  of 
course ,  is f o r   t h e   n a t i o n a l  economy, but,   given  the  predominance of 
On ta r io ,   t he   r e su l t s   a r e   p robab ly   i nd ica t ive   o f   p rov inc ia l   g rowth .  
A second EMR r epor t   u ses  a GNP growth rate of  3.4  percent  to 2000 
and 1.6 percent t h e r e a f t e r  t o  2025 ( 17) .  The Economic Council of 
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Canada's CANDIDE model produced scenarios   with  growth rates between 
3.6  and  4.3  percent  for  the  1981  to  1985  period  (7).   Finally,  
Brooks fo recas t   an   i ndus t r i a l   g rowth  rate of  1.7  percent  through 
2025 i n  a s tudy of the  impac t  of   energy  conservat ion  (4) .  

The va r i ab i l i t y   i n   t he   fo recas t ed   annua l   g rowth  rates is  
notab le   (Table  2 ) .  The Brooks f o r e c a s t  i s  heavi ly   a t tuned  to   energy 
conserva t ion ,  and thus  may be a shade   to   . the   low  s ide  of t he  
range. The second EMR f o r e c a s t  was done on the  premise  that  
government po l i cy   cou ld   cu t   i n  half the  annual  growth of energy  use 
by 2025,  and ind ica te   the   g rowth  rates requi red   to   ach ieve   th i s  
ob jec t ive .  The i n d u s t r i a l   g r o w t h  rate which  emerges f o r   t h e  
long-term is between th ree  and four   percent .  It should be noted 
t h a t  a l l  s t u d i e s  used a population  growth rate for   Ontar io  of  1.5 
percent   annual ly .  

TABLE 2 CANADA: A SURVEY OF ONTARIO AND CANADIAN ECONOMIC GROWTH RATES 

&enc Y 

Ontar io  
Economic 
Council 

Ontario 
Economic 
Council 

DREE 

Por t e r  
Commission 

EMR 

EMR 

Brooks 

Economic 
Council  of 
Canada 

In 
po pula  t ion  - 
product ion - 
1.6  percent.  

Forecas t ing  
Parameter 

Area 
Covered 

real domestic 
product 

real domestic 
product 

real domestic 
product 

real domestic 
product 

i n d u s t r i a l   o u t p u t  

g r o s s   n a t i o n a l  
product  ($1975) 

manufacturing 
output  ($1961) 

g r o s s   n a t i o n a l  
p r o d u c t   ( r e a l )  

Ontar io  

Ontario 

Ont ar i o  

Ontar io  

Canada 

Canada 

Canada 

Canada 

Growth Rate % 
Period (Compounded Annually) 

1977-87  3.4 (manufacturing) 
3.3 ( a l l  goods  production) 
4.2 ( t o t a l   a c t i v i t y )  

1978-87  4.8 (manufacturing) 
4.4 ( a l l  goods product ion)  
4.6 ( t o t a l   a c t i v i t y )  

1979 3 - 4  
1980-82 5 - 5.5 
1983-84 4 - 5 

1976-2000  3.5 (background  study) 
1976-2000 4 ( i n t e r i m   r e p o r t )  

1975-80 5 9 
1980-90 3.7 
1975-90 4 -  1 

1975-2000  3.4 
2000-25 1 6 

1975-2025 1 7 

th i s   s tudy ,   t he   p r inc ipa l   g rowth  rates developed were: 
1.6  percent ;   manufactur ing  output  - 3.7  percent ;  power 
4.6 p e r c e n t ;   i r r i g a t i o n  - 1.5  percent;  and l i v e s t o c k  - 
If these  are p l aced   i n to   t he   con tex t  of t he  

independen t   s tudy   r e su l t s ,   t hey  are ve ry  similar. The popula t ion  
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growth rates, and the  rates which  depend upon them, are v i r t u a l l y  
i d e n t i c a l .  The indus t r i a l   g rowth  rate is  shaded  toward  the  upper 
end  of the  range  which  emerges  from  Table 2. The power product ion 
growth ra te  may be somewhat on the   h igh   s ide ,   bu t  i t  is maintained 
because it  a c c o r d s   w i t h   t h e   o f f i c i a l   f o r e c a s t  of Ontar io  Hydro. 

2.1 Municipal Water Use: United States 

Municipal water withdrawals  for  domestic  purposes are broken 
down in to   the   fo l lowing   approximate   percentages   o f   to ta l   wi thdrawals :  

F l u s h i n g   t o i l e t s  
Washing  and Batning 
Kitchen Use 
Drinking Water 
Washing Clothes  
General  Household  Cleaning 
Lawns and  Gardens 
Washing Cars 

41 % 
37% 

6% 
5% 
4% 
3% 
3% 
1% 

Munic ipa l i t i e s   a l so   p rov ide  water f o r   f i r e   p r o t e c t i o n ,  street 
cleaning,  public  swimning,  heating and a i r  condi t ion ing ,  and  most 
commercial  needs. Commercial es tab l i shments ,   requi r ing   wide ly  
v a r i a b l e   q u a n t i t i e s   o f  water (Table  3) ,  c o n s t i t u t e  a s i g n i f i c a n t  
po r t ion  of cent ra l   sys tem  water   requi rements .  These requirements 
are included  in   the  municipal   supply  category.  

TABLE 3 U.S.  PERCENTAGES OF TOTAL MUNICIPAL  WITHDRAWALS AND 
CONSUMPTIVE  USE FOR COMMERCIAL PURPOSES 

LAKE BASIN 1975 1985 2000 
W C W C W C 

Superior  33 % 25% 32 % 25% 31% 25% 
Michigan 28 54 28 53 27 52 
Huron 34 29 33 33 31 22 
Erie 22 19 22 19  21  20 
Ontar io  26 11 26  26 25 26 

W (Withdrawals) 
C (Consumptive Use) 

Municipal water supp l i e s  are o b t a i n e d   d i r e c t l y  from the  Great 
Lakes  and  from t h r e e   i n l a n d   s o u r c e s   i n   t h e   d r a i n a g e   b a s i n s   i n c l u d i n g  
ground water, inland streams and reservoirs .   Because a l a r g e  
por t ion   o f   the   bas in   popula t ion  is concent ra ted   in   u rban  areas i n  
c lose   p roximi ty   to   the  Great Lakes ,   these   l akes   cur ren t ly   supply   an  
average  of  about 80 percent   of   the   region 's   municipal   requirements .  
This   concent ra t ion  i s  expected  to   cont inue and c o n t r i b u t e   t o  
increas ing   munic ipa l  water needs   in   met ropol i tan  areas ( 6 6 ) .  Table 
4 indicates the  approximate  percentage of t o t a l   mun ic ipa l  
withdrawals  and consumption  derived  from  the Great Lakes as 
es t imated   for   the   Nat iona l  Water Assessment, Great Lakes  Region 
Sumnary (72 ) .  
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TABLE 4 U. S . : PERCENTAGE  OF TOTAL MUNICIPAL WITHDRAWALS AND 
CONSUMPTIVE  USE DERIVED FROM THE GREAT LAKES 

(CU is  constant propor t ion  of withdrawal) 

LAKE 1970 2020 

Superior 59% 
Mic hig an 80% 
Huron 71 % 
Erie 85% 
Ontario 39 % 

71% 
73 % 
79% 
85% 
52 % 

2.1.1 Most Like ly  U.S. Pro jec t ion  

A d i s t i n c t i o n   i n   e x p e c t e d  water use  t rends was made between the  
Great Lakes  population  served  by  lake and  non-lake  sources.  In  the 
case of   the  populat ion  served  by  lake  sources ,  a conserva t ive  
estimate of a 10 percent  increase i n   p e r   c a p i t a  water withdrawals 
and consumption  from  1975  to 2000 was assumed as cont ras ted   wi th   an  
expected  nat ion-wide  average  increase of  about 27 percent   (65) .  No 
increases   in   comnercial   wi thdrawal  and consumptive  use rates were 
assumed fo r   t he  MLP as per c a p i t a   f i g u r e s  are n o t   a v a i l a b l e   f o r   t h i s  
port ion  of   the  municipal   sector .  The per capita rates of water 
withdrawal  and  consumptive  use  for  the Great Lakes  population  served 
by  non-lake  sources were assumed to  remain  constant  over  the 
pro jec t ion   per iod   in   accordance   wi th   the  NAS assumpt ion   tha t   fu ture  
inc reases  would be equal   to   quant i t ies   conserved .  

Leakage l o s s e s  are assumed t o  be 100 p e r c e n t .   T h i s   r e l a t i v e l y  
small volume is the  net   leakage as opposed to   t he   h igh   t o t a l   l eakage  
repor ted   in   munic ipa l  water systems. Some of t h e  water may 
even tua l ly  be returned  to   the Great Lakes  system  via  ground-water 
flow  but i t  is not   poss ib le   to   accura te ly   de te rmine  what propor t ion  
of t h i s  water might be re turned   or   the   dura t ion   of   subsur face   t rave l  
(62) .  A l a r g e   p o r t i o n  of t h e   t o t a l   l e a k a g e  w i l l  r e t u r n   d i r e c t l y   t o  
the  system  through sewer l i n e s .  

The MLP for   municipal   withdrawals   (Table  1 3 )  was der ived as 
fol lows : 

1. Per capi ta   withdrawal  rates (Table  5) were modified  from 
the  NAS per   cap i t a   f i gu res  by  assuming a 10 percen t   i nc rease   i n  tfre 
1975 rate to  be a t ta ined   by   the   year  2000. 
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TABLE 5 U.S .  : MLP PER  CAPITA  WITHDRAWAL  RATES 
(gpcd) 

LAKE BASIN 1975  1985  1995 2000 

Superior  75.2 78.2 8 1   - 2  82.7 
Michigan 110.0 114.4 118 * 8  121 .o 
Huron 76.8 79.9 82.9 84- 5 
Erie 133 1 138 * 4  143 07 146 4 
Ontario 87.8 91.3 94.8 96.6 

2. Estimates for   populat ion  served  by  lake and non-lake 
sources  were obtained  by  mult iplying  the NAS t o t a l   mun ic ipa l   s e rv i ce  
populat ion  (Table  6) by  the  estimated  percentages  of  municipal water 
supply  from  each  type  of  source  (Table 7 ) .  

TABLE 6 U. S. : MUNICIPAL  SERVICE  POPULATION  PROJECTIONS - - 
NATIONAL ASSESSMENT  STUDY 

LAKE BASIN 1975  1985  2000 

Superior  385,700 397  ,200 413,400 
Michigan 11,679,400 12,933,600 14,746,000 
Huron 770,500 918 , 200 1,135,800 
Erie 10,565,200 11,646,100 13,165,300 
Ontario 1,899,300 2,155,800 2,542,800 

25,300,100  28,050,900  32,003,300 

TABLE 7 U. S : ESTIMATED  PERCENTAGE OF MUNICIPAL  SUPPLY 
FROM THE GREAT LAKES 

LAKE BASIN 1975  1985  2000 

Superior  
Michigan 
Huron 
Erie 
Ontar io  

60% 
79 
72 
85 
40 

63 % 
78 
73 
85 
43 

66% 
76 
76 
85 
47 

3. Popu la t ion   f i gu res  were mul t ip led  by the   appropr i a t e  per 
capita withdrawal rates to   obtain  municipal   domest ic   withdrawals  
from  the  lake and  non-lake  sources  for 1975,  1985,  2000. 

4. The NAS f igures   for   comnercial   wi thdrawals   f rom  lake  and 
non-lake  sources were added to  the  municipal  domestic  Withdrawals  to 
ob ta in   t o t a l   mun ic ipa l   w i thd rawa l s  from the  Great Lakes and non-lake 
sources   fo r  1975,  1985, and 2000. 

5. Tota l   munic ipa l   wi thdrawals   for   the   en t i re   p ro jec t ion  
per iod were obta ined   by   in te rpola t ion  and ex t r apo la t ion .  
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The MLP for  municipal  consumptive  use  (Table 1 3 )  was derived as 
fol lows : 

1 .  Per capi ta   consumptive  use rates were modified  from  the 
NAS per cap i t a   f i gu res   w i th   t he   a s sumpt ion   o f  a 10 percent   increase  
i n ’ t h e  1975 rate to  be a t t a i n e d  by  the  year 2000. 

2. Estimates of   populat ion  served  by  lake  sources   in   each 
bas in  were mul t ip l ied   by  per c a p i t a  rates to   obtain  consumptive  use 
f igures   wi thout   conserva t ion .  

3 .  Lake served  populat ion  mult ipl ied  by two gpcd  produced 
net   leakage estimates for   each   lake   bas in   (Table  8 )  which were added 
to   the  domest ic   consumptive  use  f igures ,  

TABLE 8 U. S : MUNICIPAL SYSTEM LEAKAGE ESTIMATES 
FOR THE GREAT LAKES 

( c f s )  

LAKE BASIN 1975  1985  2000  2015  203 5 

Superior  .7 - 8  .9 .9 1.0 
Michigan 28 a 6  31 - 3  34.7 38.1 42 e 6  

Hu r on 1.7 2.1 2.7 3.3 4.1 
Erie 27 - 8  30.7 34.7 38 e7 44 .O 
Ontario 2.4 2.9 3.7 4.5 5.6 

61  -2  67 e 8  76.7  85.5  97.3 

4 .  NAS f i g u r e s   f o r  commercial  consumptive water use  from  lake 
sources ,  the domestic  municipal  consumption and leakage estimates 
were sumned to   obtain  total   consumptive  use  f rom  the  lakes .  
P rd jec t ions   t o  2035 were obtained by ex t r apo la t ion .  

5.  Rat ios  of NAS consumptive  use  versus  withdrawals  in  the 
non-lake  served  municipal  sector were m u l t i p l i e d  by the  non-lake 
domestic  withdrawal  projections  to  obtain  domestic  consumptive  use 
wi th  assumed conserva t ion .  

6 .  NAS non-lake  comnercial   consumptive  use  f igures were added 
to   these   domest ic   use   p ro jec t ions   to   ob ta in   to ta l   non- lake   munic ipa l  
consumptive water use .   Pro jec t ions   to  2035 were obtained  by 
ex t r apo la t ion .  

2.1.2. U.S. A l t e r n a t i v e   P r o j e c t i o n s  

2.1.2.1 P r o j e c t i o n  2 

T h i s  projec t ion   (Table  1 3 )  w a s  ex t r ac t ed  from  the Great 
Lakes  Basin Framework Study. 

1. Per capi ta   usage  rates were obtained  from  regional 
p lanning   s tud ies  and munic ipa l i ty   records .  OBERS SERIES C 
popula t ion   pro jec t ions  were used i n   t h e  water use  formulat ions.  
Broad va r i a t ions   i n   pe r   cap i t a   u sage  exist  throughout   the  basin,  
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however an average rate of change was appl ied   to   deve lop   the  
p ro jec t ions .  The ga l lons   per   cap i ta   da i ly   (gpcd)   domest ic  and 
c o m e r c i a l  water usage was assumed to  change a t  the  rate of  one 
percent  per year   to  108 gpcd. A rate of increase   o f  0.25 percent  
per  year was applied  above 108 gpcd t o  a m a x i m u m  of 130 gpcd. The 
proport ion  of   municipal ly   suppl ied water f o r   i n d u s t r i a l   u s e   i n  1970 
was determined and t h i s   p r o p o r t i o n  was added to   each of t h e   t a r g e t  
year   project ions  of   domest ic  and comnerical  water usage. The per  
c a p i t a  rates for   municipal   withdrawals   (Table  9) t hus   r ep resen t   t he  
average  usage rates f o r  combined domestic,   comnercial ,  and c e n t r a l l y  
supp l i ed   i ndus t r i a l   w i thd rawa l s  as reported  by  the  planning  subareas  
compris ing  each  of   the  major   lake  basins  (66). These  per capita use 
rates are h igher   than   those   in   the  M L P  because   cen t ra l ly   suppl ied  
i n d u s t r i a l  water i s  t r a n s f e r r e d   t o  the manufac tur ing   sec tor   in  the 
M U .  

TABLE 9 U.S.: ESTIMATED PER CAPITA  MUNICIPAL WITHDRAWAL RATES- 
PROJECTION 2 

(gpcd) 

LAKE BASIN 1970  1980  2000  2020 

Superior  
Mic h i  gan 
Huron 
Erie 
Ontar io  

127 1 40 151  159 
196  194 192  192 
173  183 193  203 
17 7 18 0 187  192 
181  187 193  197 

2. Estimates of f u t u r e  water usage   in   the   l ake   bas ins  are 
based on t h e   r e l a t i o n s h i p  ( 6 6 ) .  

(gpcd) (f) ( P) N =  
lo6 

where, N = water needs   i n   t he   t a rge t   yea r  (mgd) 
gpcd = da i ly   pe r  capita water use   for   each   lake   bas in  

f = water use  coeff ic ient   given  by  the  product  a x b ,  where 

maximum month ly   da i ly   use   (ga l .  ) 

ave rage   da i ly   u se   (ga l . )  
a =  

b =  

P = popula t ion   pro jec ted   to  be served  by 
municipal   sytems  in   the target year .  

t o t a l   mun ic ipa l   u se   (ga l . )  
domestic-commercial  use  (gal .) 

3. Municipal  consumptive water use  increases   f rom  nine 
pe rcen t   t o  12.4 percent   of  water withdrawals   through  the  project ion 
per iod (66) The domestic and  commercial  portion was assumed t o  
average 10 percent   th rough  the   p ro jec t ion   per iod .   Pro jec t ions   o f  
water use  from 2020 t o  2035 were obta ined   by   ex t rapola t ion .  



2.1.2.2 P ro jec t ion  3 

This   p ro jec t ion   (Table   13)   cons t i tu tes   the  NAS municipal 
withdrawal and consumptive  use estimates (67) .  

Water Withdrawal 

1) Estimates of t o t a l   domes t i c   cen t r a l   sys t em water use 
fo r   t he  Region were obtained from t h e   o r i g i n a l   d a t a  used to  compile 
the  USGS. Circular  765,  "Estimated Use of Water in   t he   Un i t ed  
S t a t e s   i n  1975" ( 4 3 ) .  The o r i g i n a l   d a t a  was compiled by aggregated 
subareas  (ASA) f o r   t h e  NAS so no direct   comparison  can be made with 
the   sub to ta l s   i n   t he   pub l i shed   r epor t .  The 1975 cent ra l   sys tem 
water withdrawals   for   the  region were o b t a i n e d   d i r e c t l y  as the  
r e s i d u a l  of to ta l   publ ic   sys tems  wi thdrawal   minus   indus t r ia l   and  
commercial  withdrawal. 

2) 1975 USGS estimates of   popula t ion   se rved   by   cen t ra l  
systems were d iv ided   i n to   t he   t o t a l   w i thd rawa l   f i gu res   fo r   each  
A.S.A. to   ob ta in  a per capita withdrawal rate (Table   lo ) .  It was 
assumed tha t   increased  water use  for   water-using  appl iances  would  be 
counteracted by f u t u r e  water conservation  measures and t h e r e f o r e  
these  usage rates would remain  constant   over   the  project ion  per iod.  

3)  Estimates of population  served by cen t r a l   sys t ems   fo r  
1985  and 2000 were obtained from the  U.S. Department  of  Agriculture 
(USDA) repor t   to   the  NAS on domestic water use.   Proj   ect ions of the  
population  served by cent ra l   sys tems were based on the  OBERS SERIES 
E p ro jec t ions  and rates of t r a n s i t i o n  from  self-supplied  to 
cent ra l ly   suppl ied   sys tems as determined from the  1950,  1960,  and 
1970 U.S. Censuses. 

4 )  The USDA estimates of  population  served  by  central  
systems  for  1985  and 2000 were m u l t i p l i e d  by t h e  1975  per  capita  use 
rates to   de r ive   p ro j ec t ions  of  domestic  municipal  withdrawals and 
the   p ro j ec t ions  were ex t r apo la t ed   t o  2035 based on ex tens ion  of 
popula t ion   t rends .  

Consumptive Use 

1) 1975 estimates of  consumptive  use of domest ic   cen t ra l  
s u p p l i e s   i n   t h e  NAS were der ived   f rom  the   ra t io  of t o t a l  water 
consumption  to   total   wi thdrawds  f rom  publ ic   supply  systems as 
i n d i c a t e d   i n   t h e  USGS da ta .   This  method  assumes t h a t   t h e   r a t i o  
between indus t r ia l ,   commerc ia l  and  domest ic   central   system  users  i s  
r e l a t i v e l y   c o n s t a n t .  The withdrawal   f igures   obtained  for   each  of  
t h e s e   c e n t r a l  system use r s  were mul t ip l i ed   by   t he   s t anda rd   r a t io   t o  
derive  consumptive  use estimates for   comnercial  and domestic 
segments. 

2)  1975 USGS estimates of populat ion  served  by  central  
systems were divided  into  the  domest ic   consumptive  use  f igures   for  
each ASA to   ob ta in  a per capi ta   consumptive  use rate for   each   a rea  
(Table  10).  
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3 )  User populat ion estimates f o r  1985 and 2000 were 
obtained from the  USDA pro jec t ions   based  on the  OBERS SERIES E 
p ro jec t ions  and h i s t o r i c a l  rates of t r a n s i t i o n  from  self-suppl ied  to  
central   supplied  systems.  These  population estimates were 
mul t ip l i ed  by the   cons t an t  per capi ta   consumptive use  rates t o  
de r ive   t o t a l   consumpt ive   u se   fo r   t he   p ro j ec t ed   yea r s .  

4 )  The NAS projected  consumptive  use  f igures  were 

ex t r apo la t ed   t o  2035. 

TABLE 10 U.S . : ESTIMATED  PER CAPITA WITHDRAWAL AND 
CONSUMPTIVE  USE  RATES - PROJECTION 3 

(gpcd 1 
LAKE BASIN Withdrawal s Consumptive Use 

Lake Superior  
Lake  Michigan 
Lake  Huron 
Lake Erie 
Lake Ontar io  

75.2 
110.0 

76.8 
133 1 

87.8 

7.5 
4.0 
6.4 

18 e6 
14.8 

2.1.2.3 P r o j e c t i o n  4 

T h i s  set of water use estimates (Table 13) u t i l i z e d  a set 
of  population  projections  obtained  from  State  Census  reports  (Table 
11) ra ther   than   the  OBERS SERIES E p ro jec t ions   t o   de t e rmine   i f  
p ro jec t ions   based  on t h e   d i f f e r e n t   p o p u l a t i o n  estimates are 
s i g n i f i c a n t  . 

The populat ion estimates were generated  by  agencies  within 
the  s ta tes  d u r i n g   v a r i o u s   y e a r s  from 1975 t o  1978. Table 12 
i nd ica t e s   t he   pe rcen tage   d i f f e rence  of t h e  OBERS SERIES E estimates 
from t h e   S t a t e  Census project ions.   These  percentages a l so  represent  
the  approximate  difference  between OBERS SERIES E p ro jec t ions  and 
e x i s t i n g  208 populat ion estimates, s i n c e   t h e r e  is no s i g n i f i c a n t  
d i f f e r e n c e  between S t a t e  Census  and ava i l ab le   Sec t ion  208 f i g u r e s  
(45). 

TAB,U 11 U.S : STATE  CENSUS  POPULATION  PROJECTIONS 

LAKE BASIN 1975  1985 2000 

Superior  522 , 100 543 , 622 575,906 
Michigan 13,632,300 14,715,303 16,339,808 
Huron 1,303,600 1,418,351 1,590,478 
Erie 10,786,617 11,459,998 12,470,069 
Ontario 2 , 234,000 2,410,200 2,674,500 

To t a l  28 , 478 , 617 30,547,474  33,650,761 
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TABLE 12 U.S : PERCENT  DIFFERENCE  OF  OBERS  E  POPULATION 
PROJECTIONS FROM STATE  CENSUS  FIGURES 

LAKE BASIN 1975 2000 

Superior  
Michigan 
Huron 
Erie 
Ontar io  
Tota l  

+ 2 . 4 %  
+4 .O 
+0.9 

+11.1 
+6.5 
“6.7 

-8 * 3 %  
+ 3 . 2  
+5.5 

+14 4 
+12.9 
+8 -0  

Differences   in   the   popula t ion   pro jec t ions  are a r e s u l t  of 
severa l   fac tors   inc luding   var ia t ion   in   census   da ta   boundar ies ,  
sampling  techniques , and projection  methods.   Neither  data set 
appears   to   contain  sophis t icated  sampling  or   project ion  techniques 
that   should make it  super ior   to   the   o ther .  

The fol lowing  procedure was used to   deve lop   Pro jec t ion  4 
water use   p ro jec t ions  : 

1. State Census popula t ion   da ta   for   count ies   wi th in   the  
Great Lakes  basin were aggregated  by  the same basin  sub-areas  used 
i n   t h e  NAS. 

2. The percentages of t o t a l   popu la t ion   s e rved  by 
municipal   systems  in   each  lake  basin were ca l cu la t ed  as t h e   r a t i o  of 
municipal   populat ion  determined  in   the NAS t o   t o t a l  OBERS SERIES E 
pro jec t ions   for   each   lake   bas in .   These   percentages  were a p p l i e d   t o  
t h e   S t a t e  Census f igures   to   determine  the  municipal   populat ion  by 
lake   bas   in .  

3. The munic ipa l   popula t ion   in   each   bas in  was mul t ip l i ed  
by the  NAS per   capi ta   withdrawal  and consumptive  use rates t o   d e r i v e  
the  withdrawal and consumptive  use  projections.  

2.1.2.4 P ro jec t ion  5 

The movement toward water conservat ion  has  become 
s u f f i c i e n t l y   a c t i v e   t h a t  a conserva t ion   scenar io  was thought  to be a 
v iab le   p ro jec t ion   of   fu ture   water -use   t rends .  The GLBC Great Lakes 
Basin Plan Water Conservation  Assessment  in an ana lys i s   o f  
m u n i c i p a l ,   i n d u s t r i a l  , and a g r i c u l t u r a l  water use  concludes  that   the 
g r e a t e s t   b e n e f i t s  from water conserva t ion   in   the  Great Lakes  basin 
would r e s u l t  from e f f o r t s   i n   t h e   m u n i c i p a l   s e c t o r .  An estimate of 
10 p e r c e n t   r e d u c t i o n   i n   t o t a l  water withdrawals   for   municipal   use  
was chosen as a r e su l t   o f   conve r sa t ions   w i th  members of  the 
Comiss ion   s t a f f .   Th i s   f i gu re  was thought   to   represent  a r ea l i s t i c  
estimate of the  average  saving  of water throughout   the   bas in   i f  a 
modera t e   e f fo r t  was successfully  implemented ( 4 4 ) .  

The following  procedure was used  to   der ive  Project ion 5 (Table 13) : 
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TABLE 13 U.S. : MUNICIPAL WATER USE  PROJECTIONS (CFS) 

M L P  P r o j e c t i o n  2 Pro jec t ion  3 P r o j e c t i o n  4 Pro jec t ion  5 
High Low -__- 

Year W C W C W C W C W C 
" "" 

1975 

1980 

1985 

1990 

1995 

2000 

2005 

2010 

2015 

2020 

2025 

2030 

2035 

61 20 

65 10 
6900 

72 90 

7690 

80 70 

8460 

88 50 

9240 

9630 

10020 

10410 

10800 

67 0 

7 10 

750 

7 90 

83 0 

880 

920 

9  60 

1000 

1040 

1090 

1130 

1170 

61 20 

6700 

7260 

7820 

83 60 

89 20 

9640 

10370 

11090 

11810 

12710 

13600 

14500 

67 0 

6  80 

88 0 

9  90 

1100 

1 2  10 

1340 

1480 

1610 

1750 

18 80 

2020 

21 60 

61 20 

6430 

6740 

7030 

73 10 

7620 

7930 

8200 

84 90 

8800 

9090 

9400 

9710 

61 0 

6 40 

67 0 

7 00 

730 

7  60 

790 

8 20 

850 

880 

9 10 

9 40 

980 

5800 

6070 

6340 

6620 

6890 

7160 

7430 

77  10 

7980 

8250 

85 20 

8800 

9070 

61 0 

6 40 

67 0 

6 90 

72 0 

7 50 

780 

800 

83 0 

8  60 

89 0 

9 10 

94 0 

61  20 

6300 

6470 

6600 

67 30 

68 60 

7140 

7  380 

7650 

79 20 

8180 

8460 

8740 

67 0 

6  90 

700 

7  20 

74 0 

7  50 

780 

8 10 

840 

870 

910 

940 

97 0 

BASIS Modified U S ,  Framework Study NAS F i g u r e s   S t a t e  Census  Modified MLP , 
Usage Increase,   Populat ions  Conservat ion 
Leakage 

W (Withdrawals) 
C (Consumption) 



1. The NAS municipal withdrawal  and  consumptive  use 
f i g u r e s  were adjusted  by  including  the Lake  Huron d i v e r s i o n ,  
de le t ing   the   d ivers ion   ou t   o f  Lake  Michigan  and  adding  leakage 
estimates t h a t  were used i n   t h e  MU. The f i g u r e s   f o r  1975 t o  2000 
were then   mul t ip l ied   by   the   f rac t ion   cor responding   to   a t ta inment  of 
a 10 percent   decrease   in  water use   over   th i s   per iod .  

2. Per c a p i t a  water use was assumed to  remain  constant a t  
the rates f o r  2000. NAS water u s e   f i g u r e s   f o r   y e a r s  2005 t o  2035 
were mul t ip l i ed  by  0.90 to   ob ta in   conse rva t ion  estimates throughout 
the   p ro jec t ion   per iod .  

2.2 Municipal Water Use : Canada 

The Great Lakes  basin is one  of  Canada's  most  urbanized 
reg ions ,   wi th   about  85 percent  of the   popula t ion   in   the   bas in   se rved  
through  cent ra l ized  water d i s t r ibu t ion   sys t ems .  The est imat ion  of  
c u r r e n t  and fu ture   munic ipa l  water use i s  therefore   an   impor tan t  
component  of  the  overall   project .  The municipal water uses   included 
here  are r e s i d e n t i a l ,   c o m m e r c i a l ,   i n s t i t u t i o n a l  and sys tem  losses .  
Manufacturing  withdrawals  from  municipal  systems are cons idered   in  
Sec t ion  4.2. 

2.2.1 Detailed  Methodology  for  Municipal  and  Rural  Domestic 
Sec tors  

2.2.1.1  County  Population  Forecasts 

Two sets o f   popu la t ion   fo recas t s  formed the   bas i s   o f  
pro jec t ing   munic ipa l  water use.   These  forecasts,   prepared  by 
Ontar io 's   Minis t ry   of   Treasury,  Economics  and Intergovernmental  
A f f a i r s  (TEIGA) ( 1 3 ) ,   r e f l e c t   a l t e r n a t i v e   a s s u m p t i o n s  as t o  
f e r t i l i t y ,   w i t h   n e t   m i g r a t i o n   h e l d   c o n s t a n t  a t  50,000  persons  per 
year .  The two l e v e l s  of f e r t i l i t y  are termed  low  and medium by 
TEIGA. The h igh - fe r t i l i t y -based   fo recas t  was not  used  because 
recent   demographic   t rends  indicate  a t rend  to  smaller f a m i l i e s ,  and 
consequently  lower  population  growth. The f o r e c a s t s  used were 
avai lable   by  county,   covering a per iod from  1971 to  2001. Linear 
regression  equat ions  using  an  exponent ia l   form were der ived  to  
descr ibe  the  populat ion  growth  for   each  county and fo r   each   fo recas t  
set. These were used t o   e x t e n d   t h e   a v a i l a b l e   f o r e c a s t s   t o  2035. In 
mathematical terms: 

( i  = 1. . .42 
t = t ,  t + 5 ,  t + 10, ...., t + 60) 
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where P i ,  = the   p resent   popula t ion   in   the   county  i i n   p e r i o d  t , 
where t represents   the  base  year   1975 and t = 60 is  
the  last  fo recas t   yea r  2035. 

e = 2.71828... 
r = annual  average  growth rate ( a s   c a l c u l a t e d  from  the 1971-2001 

p o p u l a t i o n   f o r e c a s t ) .  

For   each  report ing  year  of t h e   f o r e c a s t   p e r i o d ,  a diagonal  
matr ix   of   county  populat ions was formed,  wherein  the  population 
f igures   compr ise   the   p r inc ipa l   d iagonal   o f   the   mat r ix ,  and all 
off-diagonal   e lements  are equal   to   zero.  The n o t a t i o n   p i ,  is 
used  to  symbolize  this matrix i n  time t .  

2.2.1.2  Basin  Disaggregation 

Since many o f   t h e   c o u n t i e s   f a l l   i n t o  two or   even   th ree  
bas ins ,   t he   p ropor t ion   o f   t he   t o t a l   coun ty   popu la t ion   f a l l i ng   i n to  
each   bas in  had t o '  be ca l cu la t ed .  An a n a l y s i s  done a t  the  Canada 
Centre   for   Inland Waters (CCIW) gives   populat ion  by  lake  basin  f rom 
1901 to  1971 ( 2 ) ,  b u t ,   f o r   t h e   c u r r e n t   r e s e a r c h   o n l y   t h e   p e r i o d  1951 
t o  1971 w a s  used.   Total   county  populat ions  for   the same period were 
ob ta ined   f rom  S ta t i s t i c s  Canada.  For each   f i ve -yea r   i n t e rva l ,   t he  
p ropor t ion   o f   coun ty   popu la t ion   f a l l i ng   i n to   each   bas in  was 
ca lcu la ted ,   fo l lowing   which   the  time trend  of   the  proport ions was 
analyzed.  In most cases, the   p ropor t ions  were remarkably   s tab le  and 
thus  were l e f t   cons t an t   ove r   t he   fo recas t   pe r iod .  Where a time 
t r e n d   d i d   e x i s t ,   t h e  method of   three-per iod  rol l ing  averages was 
used to   p ro j ec t   t he   p ropor t ions .   Ma themat i ca l ly ,   t h i s  method i s  
sumnarized as fol lows : 

Calcula t ion   of   p ropor t ions  

pi , t  ,j 
D 
i , t , j  Pi , t  

- - (i = 1. . .42 

t = t - 2 4 ,   t - 1 9 ,  t - 4  
j = 1...5 

where D i , t , j  = the   proport ion  of   county i ' s  popu la t ion   i n  time t 
r e s i d i n g   i n   b a s i n  j 

a l s o   r e s i d i n g   i n   b a s i n  j 
P i  , t  , j  = t he  number of persons  in   county i i n  time period t 

P i  , t  = as defined  above 

Ca lcu la t ion   o f   t h ree -pe r iod   ro l l i ng   ave rages :  The model is 
ca l ib ra t ed   fo r   t he   pe r iod  1951-1971. 

D i , t - 5 , j  + Di, t , j  + D i , t + 5  - - - 
Di , t  , j  3 ( i  = 1...42 

t = t - 19,  t - 1 4 ,  
t - 9 )  
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where D i , t  , j  = the   three-per iod  average  proport ion  of   the number 
of  county i ' s  popula t ion   in  time t r e s i d i n g   i n  
bas in  j .  

I t e r a t i o n s  of t h i s  model past t-9 ( i  .e. 1966) e n t a i l   c a l c u l a t i n g  a 
v a l u e   f o r  D i n   y e a r s   a f t e r  1971. To do t h i s ,  an  average  annual ra te  
of change M i  ( i  = 1.. .42 )   i n   t he   p ropor t ion  of  county  population 
res id ing   wi th in   each   bas in  was ca l cu la t ed   fo r   t he   pe r iod  1951 t o  
1971.  Then: 

- - - . b  
Di , t , j  D i , t - b , j  Mi ( i  = 1...42) 

where b = t he  number of years   over  which M i  i s  compounded. In 
t h i s  case b = 5 i n  a l l  cases. 

Af te r  Di , t  , j  ' s are ca l cu la t ed ,   d i agona l  matricies D i  , t  , j  one 

for   each   repor t ing   per iod ,  are composed by a l loca t ing   each  & ,t  , j  
to  a p o s i t i o n  on the   p r inc ipa l   d i agona l  of a ma t r ix ,   w i th  a l l  
off  -diagonal  elements  equal  to  zero.  

2.2.1.3  Municipal  Population  Forecasts 

The t o t a l   c o u n t y   p o p u l a t i o n   f o r e c a s t s  must be s p l i t  i n t o  
municipal and r u r a l  components.  This  involved  analyzing  the 
m u n i c i p a l / r u r a l   s p l i t  of popula t ion   in   each  of t he   coun t i e s   s ince  
1951 and p ro jec t ing  i t  to 2035. The r o l l i n g   a v e r a g e  method was used 
in   p ro j ec t ing   t he   mun ic ipa l /u rban   sp l i t .  Because  of  rapid 
urbaniza t ion ,   use   o f   the   ro l l ing   average  method o f t e n   r e s u l t e d   i n  
f o r e c a s t s  which c l a s s i f i e d   t h e   e n t i r e   p o p u l a t i o n  of a county as 
municipal.  When th i s   occu r red  , a c e i l i n g  was placed on the  
municipal   proport ion  of   the  populat ion,  beyond  which the  
mun ic ipa l / ru ra l   p ropor t ion   fo r  the county w a s  held cons tan t .  T h i s  
c e i l i n g  was somewhat a r t i f i c i a l  , but was based upon the  judgement  of 
t he   au tho r s ,   t ak ing   accoun t   o f   ove ra l l   popu la t ion   t r ends ,   l oca t iona l  
f a c t o r s  , etc. 

In  mathematical  terms, t h e   f i r s t   s t e p  was t o   c a l c u l a t e   t h e  
municipal   proport ion  of   total   populat ion  f rom 1951 to  1971, as 
fol lows : 

where M i  , t  = the   municipal   populat ion  of   county i i n   y e a r  t . 
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Second,   calculate  a long-term  average  annual rate of 
change i n  Ei, t ,  based upon the  1951 to 1971 period.  Using t h i s  
rate of   change  calculate   the  projected  municipal   proport ion of  
count ry   popula t ion   for   the   repor t ing   per iods   to  2035. 

where L i  = the   average  annual  rate of  change i n  a county ' s  
population  over  the  1951  to  1971  period. 

compounded. For  1971 to  1975, b = 4 ;  f o r   f o r e c a s t s  
a f t e r   1 9 7 5 ,  b = 5. 

b = t he  number of years   over  which the  growth rate is 

Th i rd ,   fo r  a l l  r e p o r t i n g   p e r i o d s   i n   t h e  time frame, 
ca lcu la te   an   average   va lue   o f  E i  , t ,  based  on  the  rol l ing  average 
method.  These  values are des igna ted  E i , t ,  and r ep resen t   t he  
municipal   proport ions of   county   popula t ions   for   fu ture   repor t ing  
periods.   These  proportions were ad jus t ed ,  as ou t l ined  ea r l i e r ,  i n  
cases where they  approached  or  exceeded  one.   Following  this 
adjustment   process ,  a d iagonal   mat r ix  was formulated  for  
each  report ing  per iod,   wherein  the  individual  E i , t t s  form the  
p r inc ipa l   d i agona l  and a l l  off-diagonal   e lements  are zero.  

2.2.1.4  Municipal Water Use Analysis 

Two major  municipal water uses  are c o n s i d e r e d   i n   t h i s  
sect ion:   domest ic  and commerc ia l - ins t i tu t iona l .  The o n l y   r e l i a b l e  
Canadian  source  which  provides  data on these   uses  is t h e  1975 
Nat ional   Inventory of  Municipal  Waterworks  and Waste Treatment 
Systems  (9).  The ind iv idua l   mun ic ipa l   r e sponses   t o   t h i s   i nven to ry  
were used  to  develop  per  capita water u s e   c o e f f i c i e n t s ,  These raw 
c o e f f i c i e n t s  show c o n s i d e r a b l e   v a r i a t i o n  among m u n i c i p a l i t i e s ,  as a 
r e s u l t  of i ncons i s t enc ie s   i n   measu remen t s ,   mi sc l a s s i f i ca t ion  of 
water use  by some m u n i c i p a l i t i e s ,   u n c e r t a i n t y ,  etc.  To a l l o w   f o r  
t hese   e r ro r s ,   t he   fo l lowing   ana lys i s   t echn ique  was adopted: 

a. Eleven  groups  of  counties  comprising  the Great Lakes 
reg ion  were chosen. This was done  because  each  county 
by itself has   i n su f f i c i en t   u seab le   da t a   t o   pe rmi t  
s t a t i s t i c a l   a n a l y s i s .  The eleven groups are: 

I: Lambton,  Kent,  Essex 

111: Bruce,  Grey  Dufferin 
I1 : Per th ,  Huron,  Wellington 

I V :  Elgin,   Middlesex,  Oxford 

V I :  Hamilton-Wentworth,  Niagara,  Halton,  Peel 
V I I :  Simcoe, York,  Metropolitan  Toronto,  Ontario 

VIII: Durham, Vic tor ia ,   Pe te rborough,   Hal ibur ton ,  

V: Brant,  Haldimand-Norfolk,  Waterloo 

Hastings,  Northumberland 

Add ing  ton 

Sound,  Sudbury 

I X :  Frontenac,   Leeds,   Grenvi l le ,  Lennox and 

X: Mgoma,  Manitoulin, Muskoka, Nippiss ing ,   par ry  

X I :  Thunder Bay 

The groupings were a r b i t r a r i l y  made bu t   t he   ob jec t ive  
was to   obtain  cont iguous  groups  of   count ies   with a t  
least 15 m u n i c i p a l i t i e s   i n   e a c h .  
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b.  The coef f ic ien ts   o f   domest ic  and 
comnercial-institutional water use   per   cap i ta   for   each  
of the  e leven  groups were ordered  from  low  to  high. 

c.  To e l imina te   ex t r eme   va lues ,   t he   da t a   f a l l i ng  below 
t h e   t e n t h   p e r c e n t i l e  and above   t he   n ine t i e th  
p e r c e n t i l e  were eliminated  from  each  group. 

d .  The mean,  median  and  standard  error of t he  mean of 
each  group were ca l cu la t ed ,   fo l lowing  a logar i thmic  
t ransformat ion   of   the   da ta .  

e. The mean and  median c o e f f i c i e n t s  were se l ec t ed  as two 
of the   va lues   to  be inc luded   in   the   forecas t ing  
model. To a c c o u n t   f o r   t h e   v a r i a t i o n   i n   t h e  means of  
each   group,   coef f ic ien t   va lues  two s t a n d a r d   e r r o r s  
above  and  below  the mean va lues  were a l s o   s e l e c t e d   f o r  
i n c l u s i o n   i n   t h e  model. The coe f f i c i en t s   t hus   de r ived  
were assumed to   apply  to   each  county  in   the  respect ive 
groupings.  

f .  System l o s s e s  were assumed t o  be 10 percent  of t he  sum 
of  the  domestic  plus comnercial-institutional 
c o e f f i c i e n t s  . 

g. The r e s u l t  of t h i s   a n a l y s i s  was fou r  sets of water 
w i t h d r a w a l   c o e f f i c i e n t s   ( i  .e. mean,  median, mean + two 
s t anda rd   e r ro r s   o f   t he  mean) for   each   use   ca tegory  
( i .e .   domest ic  and comnercial-institutional) f o r   e a c h  
group  of   count ies .  

h .   Four   coef f ic ien t  matrices were formed f o r   t h e  water 
u s e   c o e f f i c i e n t s .  The rows of   these matrices  are t h e  
ind iv idua l   coun t i e s  and the  columns are t h e   t h r e e  
water uses.  The matrices are noted as: 
W 1  = average water withdrawals per  capita 
W2 = median water withdrawals  per capita 
W3 = low water withdrawals per c a p i t a  (i .e. mean - 2 

W4 = high  water wi thdrawals   per   cap i ta   ( i . e .  mean + 2 
s t a n d a r d   e r r o r s )  

s t anda rd   e r ro r s )  

These   coe f f i c i en t s  are shown i n   T a b l e  14 by the   e l even  
county  groupings  used  in  the  analysis.  They show cons iderable  , and 
as ye t   unexpla ined ,   var ia t ion .  The  mean r e s i d e n t i a l  water use 
c o e f f i c i e n t  , for   example,   var ies   f rom a low  of 53.7 gpcd t o  a high 
of 100.4  gpcd.  Generally,  southern  and  southwestern parts of  the 
basin  experience  lower  per  capita  usage rates,  whi le   the   h igh   va lues  
occur   i n   t he   no r the rn  and e a s t e r n  areas. In all cases ,   t he  
c o e f f i c i e n t   d i s t r i b u t i o n  was found to  be skewed, e i the r   t o   t he   'Le f t  
o r   r i gh t   o f   t he  mean, with no c o n s i s t e n c y   i n   t h e   d i r e c t i o n  of skew. 
On t h e   a v e r a g e   t h e   c o e f f i c i e n t s   f o r   r e s i d e n t i a l   u s e   f a l l   w i t h i n  +18 
percent  of t h e  mean. 

- 
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TABLE 14 CANADA: MUNICIPAL WATER USE COEFFICIENTS BY COUNTY GROUPING 

(ga l lons   pe r   cap i t a   pe r   day   excep t   where   i nd ica t ed )  

County  Grouping  Residential  Water Use Comnercial Water Use Losses1 Consumption2 

1. 
2. 
3. 
4. 
5. 

6. 

7. 

VI 8. 

9. 

4 
N 
I 

10. 

11. 

High 

Lambton,  Kent,  Essex 66.8 
P e r t h ,  Huron,  Wellington 74.0 
Bruce,   Grey,   Duffer in  83.5 
Elgin,   Oxford,   Middlesex 63.1 
Brant,  Haldimand-Norfolk, 66.7 
Waterloo 
Niagara, Wentworth, 64.0 
H a l  t on ,   Pee l  
Simcoe , York-Metro Toronto,  58.8 
Ontario 
Vic tor ia ,   Pe te rborough,  84.7 
Hastings,   Northumberland 
Eas te rn   Ontar io  88.5 
( Frontenac,  Leeds , 
Lennox & Adding ton  , 
G r e n v i l l e )  
Ha l ibu r ton ,   N ipp i s s ing ,  97.5 
Muskoka, Parry  Sound, 
Sudbury, Algoma 
Thunder Bay 124 8 

Me an 

55.6 
62 a7 
73.5 
53.7 
54.4 

54.8 

51 e4 

75.5 

72 - 5  

83.2 

100 4 

L O W  

46.3 
53.7 
64.7 
45.7 
44.4 

47 - 0  

45 -0  

67 - 3  

59.3 

71 - 1  

80 -7 

High 

16.8 
13.5 
16.7 
17  e6 
21  -3  

22.1 

23 - 4  

19 -5 

24.5 

14 * 8  

39 -1 

Me an 

11.2 
10 .o 
12.7 
10.2 
15.2 

17 - 3  

18 - 3  

15 -0 

16 -9 

10.2 

28 e 0  

Low 

7.5 
7.4 
9.7 
5.6 

10.9 

13.5 

14 -4 

11 - 6  

11 -7  

7.1 

20 .o 

( X )  

10 
10 
10 
10 
10 

10 

10 

10 

10 

10 

10 

Rate 
(%I  

15 
15 
15 
15 
15 

15 

15 

15 

15 

15 

15 

1. Defined as a   pe rcen tage   o f   r e s iden t i a l   p lus   commerc ia l  water u s e s .  
2. Defined as a percentage of r e s i d e n t i a l   p l u s   c o m n e r c i a l  water u s e s   p l u s   e s t i m a t e d   l o s s e s .  



The mean commercial water use c o e f f i c i e n t s   v a r y  between 
10.0 gpcd  and  28.0 gpcd,   with an areal  v a r i a t i o n  similar t o   t h a t  
o u t l i n e d   f o r   t h e   r e s i d e n t i a l   c o e f f i c i e n t s .  The band of v a r i a t i o n  i s  
q u i t e   b r o a d ,   w i t h   t h e   c o e f f i c i e n t s   f a l l i n g   w i t h i n  +40 percent   of   the  
mean.  Again an  unexplained  skewness i s  apparent.   Sources of 
v a r i a t i o n   i n   t h e  two s e t s  of c o e f f i c i e n t s  rest mainly  with 
est imat ion  problems and d i f f e r e n t   c l a s s i f i c a t i o n   m e t h o d s   u s e d  by the  
respondents   to   the   o r ig ina l   survey .  

- 

2.2.1.5  Calculation  of  the  Municipal Water J)emands 

i. To ca l cu la t e   t he   t o t a l   coun ty   popu la t ion   i n   r epor t ing  
period t r e s i d i n g   i n   e a c h   b a s i n   ( C i  , t  , j )  : 

( C i , t , j )  = ( P i , t )  ( D i , t , j )   ( i  = 1 . . . 4 2  
t = t ,  t + 5,  t + 10, * e . ,  

t + 60 
j = 1. ..5) 

ii. To ca lcu la te   the   munic ipa l   popula t ion  of each  county 
r e s i d i n g   i n   e a c h   b a s i n  F i ,  ,j : 

( F i , t , j )  = ( E i , t )  ( C i , t , j )   ( i  = 1...42 
t = t ,  t + 5,  t + 10, ..., 

t + 60 
j = 1. . .5)  

iii. To ca l cu la t e   mun ic ipa l   wa te r   i n t ake   i n   t h ree   u se  
c a t e g o r i e s  by basin:  

(MdIP,j) = ( F i , t , j )  T(Wn) ( i  = 1. . .42  
t = t ,  t + 5,  t + 10, . * * ,  

t + 60 
j = 1...5 
n = 1. . . 4 )  

where W I ~ , ~  = t o t a l   mun ic ipa l  water u s e   i n   c a t e g o r y   i n  time t 
and bas in  j , for   each  of the  n sets of 
c o e f f i c i e n t s ,  where n = 4 

F i , t , j  = the   t ranspose  of F i  , t  , j  

iv.   Municipal water consumption is  assumed to  be 20 
percent  of t o t a l   w i thd rawa l   (61 ) .  Thus t o t a l  water 
consumptlon  by  category  and  by  basin, MCF, j  is : 

KP,j = . ~ o ( M w I ~ ~   , j )  
( t  = t ,  t + 5 ,  t +  10, ..., 

t + 60 
j = 1.. .5 
n = 1. . .4) 
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v. Rural r e s i d e n t i a l  water in t ake  (RWI) is assumed t o  be 
35 gal lons  per   capi ta-day;  60 percent  of  which is  
consumed.  Thus : 

( t  = t ,  t + 5, t + 10, . * * ,  
t + 60 

2.2.2 Assumptions 

Two types of  assumptions are bui l t   in to   the   methodology.  The 
f i r s t   t y p e  relates to  demographic  assumptions  underlying  the 
popula t ion   pro jec t ions .  The two a l t e r n a t i v e s   s e l e c t e d  employ the  
same assumption  about   migrat ion  into  the  province a t  a leve l   o f  
50,000  persons  per  year.  They d i f f e r   o n l y   i n   t h e i r   f e r t i l i t y  
assumption,  one  being  designated a low f e r t i l i t y   p r o j e c t i o n ,   t h e  
o the r  a medium f e r t i l i t y   p r o j e c t i o n .  The second  type  of  assumption 
relates t o   t h e   r e l i a b i l i t y   o f   t h e   c o e f f i c i e n t s   t o   r e f l e c t   t h e  
underlying  var iables   of   municipal  water use.  This assumption is 
open  to criticism (58)   cen ter ing  upon t h e   i n a b i l i t y  of c o e f f i c i e n t s  
to   account   for   var iab les   such  as water a v a i l a b i l i t y ,  water p r i c ing  
s t r u c t u r e s ,  and seve ra l   o the r   sou rces   o f   s t ruc tu ra l   va r i a t ion .  
However , t he   coe f f i c i en t s   app roach  i s  a s tandard  one,  and  two 
features   of   the   present   s tudy  permit  i t s  u s e .   F i r s t ,   t h e   l e v e l   o f  
d i saggrega t ion  i s  o n l y   t o   t h e   l a k e   b a s i n   l e v e l ,  a f a i r l y  broad  one 
i n   s p a t i a l  terms. Thus,   errors  which  might  occur a t  t he   i nd iv idua l  
municipal   level  are assumed to  be compensating  ones a t  the  broader  
l e v e l .  The caveat  mentioned  above  follows  from  this,  namely  that 
the   forecas ts   p resented   here   cannot  be disaggregated  without 
in t roducing   undef ined ,   bu t   poss ib ly  c r i t i ca l  e r r o r s .  The second 
m i t i g a t i n g   f a c t o r  is  tha t   the   coef f ic ien ts   have   been   a l lowed  to  
assume f o u r   d i f f e r e n t   v a l u e s .  Most of t h e   v a r i a t i o n s   i n   m u n i c i p a l  
water use w i l l  be c a p t u r e d   i n   t h i s  way. 

2.2.3 Discussion of Resu l t s  

2.2.3.1  Demographic Levels  and Trends 

Populat ion  in   the  Canadian  sect ion of the  basin  in   1975 
t o t a l l e d   j u s t   o v e r  7 .1  mi l l ion   persons .  Erie and Ontar io   basins  
accounted  for  82 percent  of t h i s   t o t a l .  The Canadian par t  of the  
bas in  is heavily  urbanized,  with  about  85  percent of t h e   t o t a l  
populat ion  res iding  in   communit ies   of   1 ,000  or  more persons.   This 
populat ion,   about  s ix  mi l l ion   persons ,  is the  populat ion  considered 
to  be served  from  central  water supply  systems  (Table  15). 

By 2035,  Canada's  population  in  the  basin w i l l  have grown 
t o  18.1 mil l ion  persons  under   the medium growth  assumption and 16.8 
mill ion  under  the  low  growth  assumption. These represent   annual  
increases   of   1 .6   percent  and 1.4 percent   respect ively  over   the 
60-year projection  period.  According  to  an  independent  study  done 

F- 27 



T A B U  - 15 CANADA: MUNICIPAL  POPULATION BY LAKE BASIN AND 
SELECTED YEAR 

"" 

( thousands of persons)  

Lake  Basin Year 

Superior  

Hu r on 

Erie 

Ontar io  

S t .  Lawrence 

Great Lakes  Total 

1975 
1985 
2000 
2015 
203 5 

1975 
1985 
2000 
2015 
2035 

1975 
1985 
2000 
20 15 
2035 

1975 
1985 
2000 
201  5 
2035 

1975 
1985 
2000 
2015 
2035 

1975 
1985 
2000 
201  5 
2035 

Populat ion 
Med ium Low - 

128 
137 
144 
157 
173 

611 
752 
9 28 

1,184 
1,588 

1,253 
1,529 
1,930 
2,498 
3,447 

3,909 
4,657 
5,690 
7,450 

10,665 

15 3 
165 
17 6 
193 
21 1 

6,054 
7,240 
8,868 

11,482 
16,084 

128 
135 
139 
149 
16 1 

611 
745 
897 

1,127 
1,476 

1,253 
1,516 
1,864 
2,376 
3,197 

3,909 
4,618 
5,510 
7,113 
9,945 

153 
164 
17 0 
183 
196 

6,054 
7,178 
8,580 

10,948 
14,975 
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by TEIGA (11) , the long term population  growth rate w i l l  be 1.4 
percent   annual ly ,   cons is ten t   wi th   the  low  growth  scenario. The 
p ropor t ion   o f   t o t a l   popu la t ion   r e s iden t   i n   t he  two dominant  lake 
bas ins  w i l l  remain a t  82 pe rcen t   i n  2035,   denot ing   prac t ica l ly  no 
in t ra -bas in   ne t   migra t ion   over   the   forecas t   per iod .  The highes t  
rates of  growth w i l l  be experienced  in   the Lake Ontar io   basin and 
the   l owes t   i n   t he  Lake Super ior   bas in ,   bu t   these   d i f fe rences  are 
q u i t e  small and  have p r a c t i c a l l y  no impact upon ove ra l l   popu la t ion  
d i s t r i b u t i o n .   S l i g h t l y  higher than  average  growth rates w i l l  be 
exper ienced   in  a l l  sub-basins  in  the  periods  1975  to 1985  and 2000 
t o  2015. 

By 2035,  municipal  population is pro jec ted  a t  between 15 .O 
m i l l i o n  and  16.1 mil l ion  persons  depending upon the  growth 
assumptions  used.  These  represent 89 percent   both of t h e   t o t a l  low 
and medium popu la t ion   fo recas t s ,   an   i nc rease  from t h e   c u r r e n t  85 
percent .  The Lake Ontar io   basin is t h e  most heavi ly   urbanized 
sub-region  of  the  Canadian Great Lakes  basin  with 93 percent  of i t s  
to t a l   popu la t ion   r e s id ing   i n   communi t i e s  of Over 1,000  persons.  The 
Erie sub-bas in ,   in   cont ras t ,   has   the   lowes t   percentage   o f   u rban  
d w d l e r s ,  77 percent   in   1975,   increas ing   to   about   85   percent   in  2035. 

Rural  population  ( i .e.   farm  plus  communities  under  1,000) 
t o t a l l e d  1.1 mi l l i on   pe r sons   i n  1975.  This i s  projected  to   grow a t  
between 0.9 percent  and 1.1 percent  per annum t o  between  1.9  and  2.1 
mi l l i on   pe r sons   i n  2035. The Lakes Huron and Erie basins  dominate 
t h e   c u r r e n t   r u r a l   p o p u l a t i o n   d i s t r i b u t i o n ,   a c c o u n t i n g   f o r  67 percent  
of t h e   t o t a l .  By 2035, t he  Lake Ontar io   bas in  w i l l  r ep l ace  Erie as 
one of the   dominant   rura l   bas ins .  A r e l a t i v e l y   r a p i d  ra te  of 
u rban iza t ion   i n   t he  Lake Erie bas in  w i l l  a ccoun t   fo r   t h i s  
displacement 

2.2.3.2 Projected  Municipal Water Use fo r  Canada 

With   four   coef f ic ien t  sets and two sets of popula t ion  
estimates, e ight   complete   project ions  of   municipal  water use were 
calculated.   Three  of   these,   tabulated  for   the  purposes   of  
d i scuss ion   here  are termed  high, medium and low; the   h igh   p ro j ec t ion  
was der ived   us ing   the   h igh   coef f ic ien ts  of  Table 14 wi th   t he  medium 
popu la t ion   fo recas t s ;   t he  medium using  the mean c o e f f i c i e n t s   w i t h  
the  medium popu la t ion   fo recas t s ;  and the  low using  the low 
coef f ic ien ts   wi th   the   low  popula t ion   forecas t .  The  medium 
p ro jec t ion  was employed as the  M L P .  The th ree   p ro j ec t ions   o f  
municipal water use are shown in   Table  16. 

3.1 Rural-Domestic Water Use: Un i t ed   S t a t e s  

The methodology  used  to  obtain  these  current and pro jec ted  
water use f igures cons is ted  of t h r e e  main s teps   (69) :  
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TABLE 16 CANADA: MUNICIPAL WATER USE  FORECASTS ( c f s )  
” 

Lake  Basin Year High Forecas t  MLP Low Forecast  
Withdrawal  Consumption  Withdrawal  Consumption  Withdrawal  Consumption - I_ 

Superior  

Huron 

1975 - - 30  10 
1985 50 10 40 10 
2000 50 10 40 10 
201  5 50 10 40  10 
2035 60 10 40  10 

- - 
30  10 
30 10 
30  10 
30 10 

Erie 1975 
1985 
2000 
2015 
2035 

Ontar io /S t  . Lawrence 1975 
1985 
2000 
20 15 
2035 

? 
W 
0 

1975 - - 110  20 
1985 

20 15 240  40  2 00 30  160 20 
2035  330 50 27 0 40  210  30 

- 
150 

- 
20  130  20 110 20 

2000  190  30  160  20  130  20 

- 
26 0 
3  30 
430 
600 

- 
840 

1030 
1330 
1900 

- 
40 
50 
60 
90 

130 
150 
2 00 
28 0 

170 
210 
270 
350 
480 

600 
7 10 
870 

1130 
1600 

30 
30 
40 
50 
70 

90 
110 
130 
170 
240 

- 
170 
2 10 
260 
360 

- 
600 
71 0 
9 10 

1260 

- 
30 
30 
40 
50 

- 
90 

110 
140 
190 

Cdn. Great Lakes 1975 - - 9  10  140 
Total 1985  1310  200  160  900 1090 140 

201  5  2060  310 17 20  260  1370  210 
2035  2880  430  2400  3  60  1870 2 80 

- - 

2000  1600  240  1330 2 00 1070  160 
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1. An estimate of the  number of  people  served  by 
se l f - suppl ied   sys tems  in  1970 was determined  with 1970  Census o f  
Housing da ta .   Tabula t ions  were made of   popula t ion ,   to ta l   hous ing  
u n i t s  and u n i t s   w i t h o u t  plumbing fo r   coun t i e s   i n   each  ASA. Data 
were also  compiled  for   housing  uni ts   wi th  an  individual  w e l l  water 
source and those   wi th   o ther  water sources .  The ind iv idua l  well 
ca t egory   desc r ibes  a source  which  serves  f ive  or  fewer  houses.  
Other water sources   inc lude   spr ings ,  creeks, r i v e r s ,   l a k e s  and ponds. 

The number of self-suppl ied  systems was ca lcu la ted   by  sumning 
the number o f   u n i t s   w i t h   i n d i v i d u a l  well and o ther  water sources .  
The percentage   o f   to ta l   hous ing   un i t s   wi th   se l f - suppl ied   sys tems was 
obtained  by  dividing  the number of self-supplied  systems  by  the 
t o t a l  number of   housing  uni ts .   Total   populat ion  served by 
se l f - suppl ied   sys tems  in  1970 was ca l cu la t ed  by mul t ip ly ing   the  
percent  of un i t s   wi th   se l f - suppl ied   sys tems by t he  OBERS SERIES E 
1970 populat ion.  

2. P ro jec t ions  of the  populat ion  served by se l f - suppl ied  
systems were made according  to   the  fol lowing  method:   tabulat ions 
fo r  the number of hous ing   un i t s   suppl ied   by   publ ic   sys tems,   p r iva te  
companies,   individual wells, and o the r  water sources  were made f o r  
1960  and  1970 wi th  Census  of  Housing Data. The s tandard rate of 
d e c l i n e   i n  numbers  of  self-supplied  systems  from  1970 was ca l cu la t ed  
from th i s   i n fo rma t ion  and assigned  to   each ASA on the  basis of 
s p e c i f i c   s u b - b a s i n   c h a r a c t e r i s t i c s   ( 7 6 ) .  The populat ion  served  by 
self-supplied  systems  for  the  years  1975,  1985, and  2000 were 
ca lcu la ted   by   mul t ip ly ing  an appropr i a t e  rate of   dec l ine  times the  
percentage of un i t s   w i th   s e l f - supp l i ed   sys t ems   i n  1970 times the  
OBERS SERIES E popu la t ion   p ro j ec t ions   fo r   1975 ,  1985  and 2000 f o r  
each ASA. 

The 1970 populat ion  without  water under  pressure was determined 
by  using  the  1970  Census  of  Housing  tabulation and the  procedure 
ou t l ined   fo r   ca l cu la t ion   o f   t o t a l   popu la t ion   w i th   s e l f - supp l i ed  
systems.  1970  population  with water under  pressure was obtained as 
t h e   r e s i d u a l  of the  self-supplied  systems  population  minus  those 
without   pressure  systems.  

3. Dis . t inct  per c a p i t a  rates of  rural-domestic water use were 
e s t i m a t e d   f o r   b u s i n g   u n i t s   w i t h   r u n n i n g  water under  pressure and 
without water under   pressure.   Since  self-suppl ied  systems are 
ra re ly   metered ,  no s p e c i f i c   d a t a  was ava i l ab le   fo r   t hese   u se  rates. 
Per   capi ta   use estimates were based upon information  supplied  by  the 
EPA, USGS Ci rcu la r s  and completed  r iver   basin  s tudies   (49) .   Average 
per   capi ta   use estimates are 40 ga l lons   w i th  and  10 gal lons  without  
pressure .  

4 .  The popu la t ion   p ro j ec t ions   fo r   p re s su re  and non-pressure 
systems  for  1975,  1985 and 2000 were mul t ip l i ed  by the  corresponding 
per capita withdrawal and consumptive  use rates and summed t o   o b t a i n  
to t a l   w i thd rawa l s  and consumptive  use  during  the  forecast   per iod.  
P ro jec t ions  of rural-domestic water use  for  the  period  from 2005 to  
2035 were der ived  by ex t r apo la t ion .  
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3 . 2  Rural-Domestic Water Use: Canada 

The c u r r e n t  and pro jec ted  water u s e   f i g u r e s   f o r   r u r a l  
r e s i d e n t i a l   p u r p o s e s  are given  in   Table   17.  Two f o r e c a s t s  of r u r a l  
popu la t ion   desc r ibed   i n   Sec t ion  2.2 were used to   p ro j ec t   t he  water 
use.  All withdrawals   for   rural-domest ic   purposes  are from  non-lake 
sources .  

4 .1  Manufacturing Water Use: United  States  

4.1.1 U. S. Concepts  and  Approach 

Approximately 90 percent  of U.S. manufacturing water 
withdrawals are made by f ive  industry  groups:   food and kindred 
products,   paper and a l l i ed   p roduc t s ,   pe t ro l eum and coa l   p roducts ,  
chemical and a l l i e d   p r o d u c t s ,  and  primary metals processing  (49) .  
C u r r e n t l y ,   t h e   g r e a t e s t  consumer  of manufacturing water i s  primary 
metals processing and i t  i s  expec ted   to   main ta in   th i s   ranking   to  
2035. The g r e a t e s t  rate increase   in   consumpt ion   wi th in   the  
manufactur ing  sector  is projected  for   chemical  and a l l i e d   p r o d u c t s  
where water consumption i s  expected  to  quadruple  between  1975 and 
2000 (19).  

Most of t he   manufac tu r ing   i ndus t r i e s   r equ i r ing   l a rge   quan t i t i e s  
of water are l o c a t e d   i n   t h e   s h o r e l i n e   c o u n t i e s  of the  Basin and t h e  
l a k e s   s e r v e  as the  source  of  water supply  for   over  90 percent  of 
current   manufactur ing  needs.   This   proport ion is expected  to  remain 
r e l a t i v e l y   c o n s t a n t   t o  2035 as t h e   l a k e s   c o n t i n u e   t o   s e r v e  as a 
source  of  abundant water (23) .   Thus,   the   major i ty  of t he   p ro j ec t ed  
increases   in   consumpt ive  use w i l l  be t a k e n   d i r e c t l y  from  the  lakes.  
A study  undertaken by the  Bureau  of Economic Ana lys i s   i nd ica t e s   t ha t  
t he   l ea s t - cos t  method of  meeting  Clean Water Act g o a l s   f o r  most 
large  manufactur ing water users   involves  a high  degree of 
within-plant   reuse  of   t reated and unt rea ted  wastewater instead  of  
using water on a once-through  basis.  The cos t   sav ings   ca lcu la ted   by  
t h e  Bureau  of Domestic Commerce i n  new p lan t   cons t ruc t ion  are so 
s u b s t a n t i a l  as to   induce water r euse   t o   t he  optimum l e v e l .  The 
water c o s t s  and sav ings  may not be t h e  same f o r   e x i s t i n g  
manufactur ing  operat ions as t h e   d i f f i c u l t i e s   e n c o u n t e r e d   i n  
r e t r o f i t t i n g  and spacing  of  equipment and piping would g r e a t l y  
inc rease  capi ta l  cos ts   (49) .   This   in format ion   in f luenced   the  
development  of  the  most l i k e l y   p r o j e c t i o n s   f o r   m a n u f a c t u r i n g  water 
use. The f i g u r e s  were ca l cu la t ed  on the  basis   of   the   assumption 
t h a t   c u r r e n t l y   e x i s t i n g   i n d u s t r y  would cont inue   to   recy le  water a t  a 
r e l a t i v e l y  low rate while  a l l  new i n d u s t r y  would i n s t i t u t e   r e c y c l i n g  
a t  r e l a t i v e l y   h i g h  rates. The low rate was assumed to   r ep resen t  
bes t   p rac t icable   t echnology (BPT) f o r  wastewater p o l l u t i o n   c o n t r o l  
while   the  high rate represents   the   bes t   ava i lab le   t echnology (BAT) 
mandated by P. L. 95-217. Rates were o r i g i n a l l y   s e l e c t e d   f o r   t h e  
NAS as a r e s u l t  of a survey of water use  by  10,000  large 
manufac tur ing   p lan ts   (5) .  
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TAKE BASIN 

S u p e r i o r  

Huron 

Erie 

TABLE 17 CANADA: RURAL POPULATION AND WATER  USE BY LAKE BASIN AND SELECTED YEAR 

1975 
1985 
2000 

20 15 
2035 

1975 
1985 
2000 
2015 
2035 

1975 
1985 
2000 
2015 
2035 

O n t a r i o /   S t .  Lawrence 1975 

1985 

2000 
2015 
2035 

TOTAL 1975 
1985 
2000 
2015 
2035 

POPULATION  FORECASTS 
( thousands  of p e r s o n s )  

Medium L O W  

20 
22 
24 
27 
31 

353 
37 0 

415 
48 9 
531 

37 5 

386 
401 

465 
587 

345 
390 

452 
572 
800 

1093 
1168 
1292 

1553 
2049 

20 
22 
23 

26 
29 

353 
367 
401 
466 
587 

37 5 
383 
38 7 
442 
554 

345 
416 

4 37 
544 
744 

1093 
1187 
1248 
1478 
1904 

WATER USE ( c f s )  

Medium F o r e c a s t  Low F o r e c a s t  
Withdrawal  Consumption  Withdrawal  Consumption 

0 

0 

0 

0 

0 

20 
20 
30 
30 
40 

20 
30 
30 
30 
40 

20 
20 

30 
40 
50 

60 

70 
90 

100 

130 

0 

0 

0 

0 

0 

10 

10 
20 
20 
20 

10 
20 
20 
20 
20 

10 

10 
20 
20 
30 

30 
40 
60 
60 
70 

0 

0 

0 

0 

0 

20 
20 
30 
30 
40 

20 
20 
30 
30 
40 

20 
20 

30 
30 
50 

60 

60 
90 
90 

130 

0 

0 

0 

0 

0 

10 
10 
20 
20 
20 

10 
10 
20 
20 

20 

10 

10 

20 
20 
30 

30 
30 
60 
60 

70 
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Exper i ence   i n   De t ro i t   w i th   i ndus t r i a l  water r ecy l ing   i nd ica t e s  
t h a t   f o r  economic  reasons some e x i s t i n g   i n d u s t r i e s  are convert ing  to  
closed  systems as means of  recovering material products  and 
byproducts   in   addi t ion   to   the   apparent  water q u a l i t y   b e n e f i t s  
der ived from recyc l ing   (49 ) .   E f fec t ive   cyc l ing   o f   i ndus t r i a l  
waste-water could  a lso  promote  compliance  with  federal   dr inking 
water s t anda rds   t hus   a s su r ing  state and f e d e r a l   e f f o r t s  toward s ta te  
control   over  water treatment  works  and  distribution  systems. Thus , 
a d d i t i o n a l   i n c e n t i v e s  may be provided to  i n d u s t r y   i n   t h e   f u t u r e  to 
encourage  conformance  with  such  policies. 

4.1.2 Most Like ly  U.S. Pro jec t ion  

The primary  asumptions  used  to  formulate  the M L P  (Table 18) are: 

1)  economic  growth  according  to OBERS SERIES E p ro jec t ions .  

2) i n s t i t u t i o n   o f   b e s t   a v a i l a b l e   t e c h n o l o g y   ( h i g h   r e c y c l e  
r a t e )   i n   m a n u f a c t u r i n g  water use  systems coming  on l i n e   a f t e r  1975. 

3) t he   bes t   p rac t i cab le   t echno logy   i n  1975  within a major 
i ndus t ry   g roup   ( l ow  r ecyc le   r a t e )  w i l l  be uniformly  adopted  by 
ex is t ing   indus t ry   wi th in   each   group.  

4) water wi thdrawals   for  new i n d u s t r y  w i l l  d e c r e a s e   i n   d i r e c t  
p ropor t ion   to   increases   in   consumpt ive   use .  

5) the   re la t ionship   be tween water withdrawals and consumptive 
u s e   f o r   i n d u s t r y   e x i s t i n g   i n  1975 w i l l  remain  constant  throughout 
the   p ro jec t ion   per iod .  

The MLP water use estimates were der ived  f rom  Project ion 3 with  
modif icat ion  of   the P.L. 95-217 compliance  compliance  assumption as 
i n t e r p r e t e d   i n   t h e  NAS. The NAS presumes t h a t  a l l  i n d u s t r i e s  w i l l  
incorpora te   the  maximum a t t a i n a b l e   r e c i r c u l a t i o n .  The M L P  was 
formulated on the   assumpt ion   tha t  new indus t ry ,  coming  on l i n e   a f t e r  
1975, w i l l  u t i l i z e   b e s t   a v a i l a b l e   t e c h n o l o g y   w i t h   a s s o c i a t e d   h i g h  
r e c i r c u l a t i o n  rates w h i l e   i n d u s t r y   e x i s t i n g   i n  1975 w i l l  cont inue   to  
use low r e c i r c u l a t i o n  rates. The h i g h   r e c i r c u l a t i o n  rate used f o r  
new i n d u s t r y   r e f l e c t s   t h e   b e s t   a v a i l a b l e   t e c h n o l o g y   f o r   p o l l u t i o n  
cont ro l   accord ing   to  a 1975  Department of Comnerce survey  of  10,000 
manufactur ing  plants .  The l o w   r e c i r c u l a t i o n  rates r ep resen t   t he  
mean rate for  each  major  manufacturing  category  which were assumed 
to   r ep resen t  best p rac t i cab le   t echno logy   fo r   t he   ex i s t ing  segment  of 
the  manufactur ing  sector .   Total   manufactur ing water use   p ro j ec t ions  
are the  sum of the  increment of new manufacturing water use 
estimates p l u s   t h e   e x i s t i n g  1975 water use. The procedure  used  to 
der ive  the  withdraw& and consumptive  use  projections i s  ou t l ined  
below. 

1 .  Manufac tur ing   earn ings   p ro jec t ions   for   the   major   indus t ry  
groups  in   each  lake  basin were ob ta ined   fo r  1975 t o  2035 from OBERS 
SERIES E p ro jec t ions  and ex t r apo la t ion   o f   t r ends .  
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2. The i n c r e a s e   i n   e a r n i n g s  from  1975 to  1985,  2000,  2015, 
and 2035 were ca l cu la t ed  as a f r a c t i o n   o f   t h e   t o t a l   e a r n i n g s   f o r  
each   i ndus t ry   g roup   i n   each   l ake   bas in .  

3. The P r o j e c t i o n  3 consumptive  use was mul t ip l i ed  by t h e  
f r a c t i o n a l   i n c r e a s e   t o   d e t e r m i n e   t h e   p o r t i o n   o f  water usage 
a t t r i b u t a b l e   t o  new indus t ry   u s ing   bes t   ava i l ab le   t echno logy   fo r  
wastewater t rea tment .   Pro jec t ion  3 f i g u r e s  were ca lcu la ted   on   the  
bas i s   o f   the   assumpt ion   tha t  a l l  i ndus t ry  would use BAT by 2000. 
The re fo re ,   mu l t ip ly ing   t hese   f i gu res  by the  new e a r n i n g s   f r a c t i o n s  
provided  the  required  data .  New manufacturing water use   f i gu res  
were c a l c u l a t d   f o r  1980 to  2000 by i n t e r p o l a t i o n .  

4. Consumptive  use t o t a l s   f o r   e a c h   i n d u s t r y   g r o u p  were 
ca lcu la ted   for   1985,  2000, 2015 and  2035  by  sumning new 
manufacturing  consumptive water use   f igures  and the  1975  consumptive 
use   f igures   for   each   indus t ry   g roup   wi th in   each   lake   bas in .  

5 .  Indus t ry   g roup   t o t a l s  were aggregated to  ob ta in  
consumptive  use  projections  for  each  lake  basin  for  1985,  2000, 
2015,  and 2035. T o t a l s   f o r   t h e   i n t e r v e n i n g   y e a r s  were obtained by 
i n t e r p o l a t i o n .  

6. The r e l a t ionsh ip   be tween   w i thd rawds  and  consumptive  use 
for   manufac tur ing   us ing  BPT and BAT was assumed t o  be constant   over  
time. Rat ios   between  Project ion 3 manufacturing  withdrawal and 
consumptive  use  for 2000 in   each   l ake   bas in  were ca l cu la t ed  as 
r e p r e s e n t a t i v e  of the   re la t ionship   be tween  wi thdrawals  and 
consumptive  use  for BAT manufactur ing.   These  ra t ios  are: 

Lake  Basin  Withdrawal s ( cf s) /  Consumptive Use ( cf s )  

Superior  
Mic h i   gan  
Huron 
Erie 
Ontar io  

1.26 
1.38 
1.37 
1 e35 
1.55 

Figures   for   the   bes t   ava i lab le   t echnology  in   each   lake   bas in  
during  the  per iod 1980 t o  2035 were c a l c u l a t e d   f o r   S t e p  3. These 
f i g u r e s  were mul t ip l i ed  by the   ra t ios   o f   wi thdrawals   to   consumpt ive  
use   for   each   lake   bas in   to   de te rmine  t h e  wi thdrawa l   f i gu res   fo r  new 
manufacturing. The wi thdrawal   p ro jec t ions   for  new manufacturing 
were added to   t he   1975   w i thd rawa l   f i gu res   t o   de t e rmine   t o t a l  
withdrawals   throughout   the  project ion  per iod.  

4.1.3 U . S .  A l t e r n a t i v e   P r o j e c t i o n s  

4.1.3.1 P ro jec t ion  2 

P ro jec t ion  2 (Table  18) is the  1978 NAS pro jec t ion  and 
represents   the  low  scenario  for   manufactur ing  withdrawal  and 
consumptive use. P ro jec t ions  of consumptive use of water to 2035 
were obta ined   by   ex t rapola t ion .   Pro jec t ions  of i n d u s t r i a l  
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TABLE 18 U. S . : MANUFACTURING WATER USE FORECASTS 

0 

1975 

1980 

1985 

1990 

1995 

2000 

2005 

2010 

2015 

2020 

2025 

2030 

2035 

M L P  

W 

20450 

20800 

21150 

21720 

22300 

22800 

23520 

24160 

248  10 

25500 

26200 

26900 

27600 

C 

2280 

2530 

2790 

3200 

3  620 

4040 

4500 

4970 

5440 

5940 

6450 

6950 

7460 

P r o j e c t i o n  2 P r o j e c t i o n  3 

W 

20450 

13350 

6350 

5500 

46 50 

4360 

40 20 

4200 

4360 

4530 

47  20 

4890 

5080 

C 

2280 

2480 

2660 

2830 

30 10 

3180 

3360 

3530 

37 10 

38 90 

4060 

4240 

4430 

W 

20450 

14490 

8570 

7620 

6670 

5740 

63 50 

6960 

79  70 

8580 

91 90 

9790 

104 10 

C 

2280 

2800 

3  300 

39 10 

4520 

5120 

5730 

6340 

6950 

7550 

8160 

87 70 

9  380 

P r o j e c t i o n  4 

W C 

20450 

22200 

24000 

27 000 

30000 

33000 

36000 

40000 

43000 

48 500 

54000 

59500 

65000 

2280 

2500 

2700 

29 60 

3230 

3530 

3800 

4100 

4400 

4640 

4900 

51 60 

5400 

W (Withdrawals) 

C (Consumptive  Use) 
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water withdrawals were made by  t ransposing  the  s lope  of   the 
projected  consumptive  use  curve  to  extend  the  withdrawal  curve 
beyond 2000. This  methodology was used in   accordance   wi th   the  
assumption  that   wi thdrawals  would be proport ional   to   consumptive  use 
a f t e r   t h e   s y s t e m  had reached a s t eady  s ta te  cond i t ion  by 2000. 

4 . 1 . 3 . 2  Pro jec t ion  3 

This  set of   f igures   (Table  18)  r e p r e s e n t s   t h e  NAS 
p r o j e c t i o n s   ( P r o j e c t i o n  2) w i t h   c o r r e c t i o n s   t o   t h e  NAS Lake Erie 
water use   da t a .  An a p p a r e n t   e r r o r   i n   t h e s e   f i g u r e s  was de tec t ed  
du r ing   t he   da t a   ana lys i s .  The time curves  for   each  of   the  lake 
bas ins ,   wi th   the   except ion   of  Lake Erie, show a trend  toward 
increased  consumptive  use  and  decreased  withdrawals as a r e s u l t   o f  
assumed  compliance  with PL95-217; however,  the NAS Lake Erie d a t a  
trends  toward  decreased  consumptive  use and withdrawals.  
Examination  of  consumptive water use   f igures   for   each   indus t ry   g roup  
i n  Lake Erie indicated  that   consumptive  use  increased  for  a l l  groups 
except  the  primary metals s e c t o r  ( 4 9 ) ;  however,  the OBERS SERIES E 
pro jec t ions   o f   manufac tur ing   earn ings   for   the   p r imary  metals s e c t o r  
show an  expected  increase  of   about  28 percent  from 1975 t o  2000. 
Therefore,   an  adjustment  in  the  consumptive  use and withdrawal 
f i g u r e s  was made to   co inc ide   w i th   t he   ea rn ings   p ro j ec t ions   fo r  Lake 
Erie. The procedure  used  to   obtain  the  revised Lake Erie water use 
f i g u r e s  is out l ined  by  Pinsak e t  a1 ( 4 9 ) .  

4 . 1 . 3 . 3  P r o j e c t i o n  4 

These  project ions  (Table  18) represent   es t imated  
manufacturing water withdrawals and consumptive  use  without  the 
assumption  of  increased  recycling  for  compliance  with  goals  of P. L. 
95-217. The result   of  non-compliance is  increased  rates of 
withdrawals  and decreased rates of   consumptive  use  re la t ive  to   the 
o ther   p ro jec t ions .   These   da ta  were generated by the  Canadians 
u t i l i z i n g  OBRA information  on rates of   gross  water withdrawal,  
r e c i r c u l a t i o n ,  and consumptive  use.   Recirculation rates f o r   e a c h  
indus t ry   ca t egory  were held  constant  from 1975 t o  2035. Increases  
i n   t o t a l   w i t h d r a w a l s  and consumptive  use  over  the  projection  period 
r e f l ec t   expec ted   i ndus t r i a l   g rowth   acco rd ing   t o   t he  OBERS SERIES E 
ea rn ings   p ro j ec t ions .  The water use estimates were generated 
through  an   i t e ra t ive   p rocess   based  on t h e   c o r r e l a t i o n  of product ion 
earn ings  and water use rates for   each  major   industry  group.  

The U.S .  manufacturing water use   fo recas t s  are sumnarized 
in   Tab le  18.  

4 . 2  Manufacturing Water Use : Canada 

4 . 2 . 1  Detailed  Methodology  for  Manufacturing and  Mining Sec to r s  
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4 . 2 . 1  1 The Input -Out put Model 

The econometric model  of  Canadian water use is  based upon 
the  Ontar io   input-output  (1-0) t a b l e   f o r  1965. The input-output 
methodology  applied  to water demand fo recas t ing   has  been  described 
by   severa l   researchers  ( 3 7 ) .  Thus,  only a b r i e f   o u t l i n e   o f   t h e  
model w i l l  be given.  The manufac tur ing   sec tors   used   in   the   ana lys i s  
were based upon the   2 -d ig i t   S t anda rd   Indus t r i a l   C la s s i f i ca t ion   o f  
S t a t i s t i c s  Canada (57) .  

The concept  of  an  economic  multiplier is a well-known 
one.  According  to th i s   concept   any   g iven   expendi ture  on the  
products  of  an  industry w i l l  no t   on ly   a f fec t   tha t   indus t ry ,   bu t   a l so  
the   ou tput  of many o ther   indus t r ies .   This   e f fec t   occurs   because  
i n d u s t r i e s  are in te rconnec ted  - f o r  example  automobiles  with s teel ,  
p l a s t i c s ,  textiles and u l t ima te ly   t o   s eeming ly   un re l a t ed   i ndus t r i e s  
l i k e  food and beverages , paper ,  etc. The m u l t i p l i e r  is a measure  of 
how a g iven   expendi ture   (e .g .   $1   mi l l ion)  w i l l  a f f e c t   t h e   t o t a l  
ou tput  of i n d u s t r y   a f t e r  a l l  i n t e rac t ions   have  worked through  the 
sys  tem. 

Input -output   ana lys i s  i s  designed  to  examine  these 
i n t e r a c t i o n s ,  as well as t o  examine  the  underlying  s t ructure   of   an 
economy. The basic t o o l  of 1-0 a n a l y s i s  is an 1-0 t a b l e  , of  which 
there   can be several   types .   Table  19 i s  a "square"   t ab le ,   wi th  25 
rows and 25 columns i n   t h e   i n t e r m e d i a t e  demand sec t ion   o f   t he   t ab l e ,  
one  column f o r   f i n a l  demand and  one row for   va lue   added .  The 
in te rmedia te  demand sec to r   o f   t he   t ab l e  shows , reading  across   the 
rows, how the  produce of each   indus t ry  is  d i s t r i b u t e d   t o   e v e r y   o t h e r  
i ndus t ry   i n   t he   sys t em.  Reading down the  columns, i t  shows how the  
inpu t s  used  by  each  industry i s  der ived from t h e   i n d u s t r i e s   i n   t h e  
system. The f i n a l  demand column  shows how  much of   each   indus t ry ' s  
ou tput  is used  by ul t imate   points   of   consumption,  and is  ca l cu la t ed  
by  aggregat ing  pr ivate   (household)   expendi tures  , government 
expendi tures  and severa l   o ther   types   o f   expendi tures .  The va lue  
added o r   p r imary   i npu t   s ec to r ,  row 26, shows t h e  amount of  primary 
input  (e.g.   labour,   imports,   etc.)   which is  used  by  each  industry. 
It should be no ted   t ha t   t he  1-0 t a b l e  used  includes a l l  economic 
sectors, not j u s t  manufacturing and mining.  This  enables  the  use of 
t h e   i n d u s t r i a l  model fo r   t hose   s ec to r s  as w e l l .  The 1-0 r e s u l t s  
were not  used as e x t e n s i v e l y   i n   a g r i c u l t u r e  and power gene ra t ion  as 
they  were in   manufac tur ing  and mining. 

To i l l u s t r a t e   T a b l e   1 9 ,   c o n s i d e r   t h e   a g r i c u l t u r e   s e c t o r ,  
row 1, column 1. The t o t a l   o u t p u t   o f   t h i s   i n d u s t r y   i n   t h e   b a s e  
year  , 1965 was $1,706.8  mill ion  (row 1 , column 2 7 ) .  Of t h i s   t o t a l  , 
$604 m i l l i o n  w e n t  t o   s a t i s f y   f i n a l  demands as i n d i c a t e d   i n  row 1, 
column 26. The remain ing   $1 ,102 .8   mi l l ion   cons t i tu ted   inputs   bo th  
t o   a g r i c u l t u r e   i t s e l f  and t o   o t h e r   i n d u s t r i e s .  For example, $113.6 
m i l l i o n  was used   by   the   indus t ry   i t se l f   ( i . e .   in t ra - indus t ry  
demand),  none  by  mining,  $781  million  by  food  and  beverages  (row 1, 
column 3) , and so on ac ross  row 1 of t he   t ab l e .  

The t o t a l   v a l u e  of i n p u t s   t o   t h e   i n d u s t r y   e q u a l s   t h e   t o t a l  
va lue   o f   ou tputs ,  and reading down t h e   f i r s t  column,  one  can see how 
t h e   i n p u t s   t o   a g r i c u l t u r e  were der ived:  $113.6 m i l l i o n  from the  
i n d u s t r y   i t s e l f ,  $2.2 m i l l i o n  from  mining,  $162.4  million  from  food 
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TABLE 19 CANADA: WTARlO INPUT-OUTPUT TABLE 1965 
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and  beverages, and so on.  Primary  inputs  (e.g.   labour) were valued 
a t  $897.6 m i l l i o n ,  as i n d i c a t e d   i n  row 26,  column 1. The t a b l e  i s  
r e a l l y  a ba l ance   shee t ,   i n  which t h e   t o t a l   v a l u e  of i n p u t s   i n   e a c h  
indus t ry   equa l s  i t s  t o t a l   v a l u e   o f   o u t p u t s .  

The bas i c  1-0 a igor i thm states t h a t   t o t a l  demand (x) f o r  
the  goods  produced  in  an economy is  the  sum of in te rmedia te  demand 
( A X )  p l u s   f i n a l  demand (F)  , where A is a 25 x 25 matr ix   of  
p r o p o r t i o n s   ( c a l l e d   t e c h n o l o g i c a l   c o e f f i c i e n t s )  showing how much of  
each   i ndus t ry ' s   p roduc t ion  i s  used  per d o l l a r  of output  by  each 
i n d u s t r y   i n   t h e   i n t e r m e d i a t e  demand sector   of   Table  20. I n  
mathematical  terms : 

( 1 )  X = AX + F ( X  and F are 25 x 1 column v e c t o r s )  

The o b j e c t  of t h i s   a n a l y s i s  is t o  show how a given  change 
i n   e x p e n d i t u r e   i n   a n y   o r  a l l  c a t e g o r i e s   o f   f i n a l  demand w i l l  a f f e c t  
t h e   o u t p u t   l e v e l s   i n  a l l  component s e c t o r s  of the  economy. Once 
t h i s  has been  dooe,   the   analysis   proceeds  to  examine t h e   e f f e c t s   o f  
t hese  changed  production  levels on water use. To f u l f i l l   t h e   f i r s t  
object ive  requires   mathematical   s teps   which,   a l though  conceptual ly  
s imple,   require   the  use  of  a computer when working  with a t ab le   t he  
s i z e  of  the  one  used  here.   Conceptually,   these  steps  follow  from 
the f i r s t   e q u a t i o n .  

( 2 )   X - A X = F  
X ( I  - A) = F (where I is a 25 x 25 i d e n t i t y   m a t r i x )  

( 3 )  X = ( I  - A)-l*F  (where ( I  - A)-1 i s  the   inverse   o f  
(1 - A ) )  

The process  of matrix inve r s ion  is a common mathematical  
t o o l ,  and i n   t h i s  case, shows how a u n i t   i n c r e a s e   ( i  .e. $1 )   i n  
e x p e n d i t u r e   i n  a l l  s e c t o r s  w i l l  u l t imate ly   change   the   p roduct ion  
l e v e l s   i n  a l l  s e c t o r s .   A f t e r   c a l c u l a t i o n  of t h e   i n v e r s e ,   t h i s  
a lgo r i thm allows ca lcu la t ions   o f   t he  set o f   i n d u s t r i a l   o u t p u t s  
r e q u i r e d   t o   s a t i s f y  a set of f i n a l  demands. 

The t e c h n i c a l   c o e f f i c i e n t s  matrix, A, is  derived  from 
Table  19,  by d iv id ing   each   en t ry   i n   t he   i n t e rmed ia t e  demand s e c t o r  
o f   t h e   t a b l e  by i ts  r e s p e c t i v e  column t o t a l ,   t h e   r e s u l t   b e i n g  shown 
in   Tab le  20. Each e n t r y   i n   T a b l e  20 shows the  amount spent   on  the 
p roduc t s   o f   each   i ndus t ry   pe r   do l l a r   o f   t o t a l   i npu t   o r   ou tpu t ,  This 
mat r ix  is then   subt rac ted  from a n   i d e n t i t y  matrix of   the same orde r  
( i  .e. 25 x 25)   to   g ive   the  ( I  - A) mat r ix  of Equation 3 above. The 
l a t t e r  is then   inver ted   mathemat ica l ly   to   g ive   the   inverse  ( I  - 
A).-1, the  transposed  form  of  which is  shown in   Table  21.  

Table 21 is  the  key  one for   the  purposes   of   this   s tudy,  
f o r  i t  shows t h e   t o t a l  impact o f   un i t   expend i tu re s   i n   each   i ndus t ry  
( v i a   f i n a l  demand) on a l l  i n d u s t r i a l   s e c t o r s   i n   t h e   s y s t e m .  
Specifical .Ly, i t  shows the  amount of  production  from  each  industry 
a t  t he   t op   o f   t he   t ab l e   r equ i r ed   t o   de l ive r  one d o l l a r ' s   w o r t h   o f  
f i n a l  demand from  each  industry a t  t h e   l e f t .  For example, 
a g r i c u l t u r e ,   i n d u s t r y  1, must  produce $1.120 worth of ou tpu t   t o  
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TABLE 20 CANADA:  MATRIX  OF  TECHNOLOGICAL  COEFFICIENTS  FOR  ONTARIO 

1 2 3 4  5  6 7 8 9 10 11 12  13 14 15 16 17 18 19 20 21 22 23 24 25 

0.066563 
O.Wl299 
3 095138 
o.oowo0 
0.001915 
o.wwo0 
0.006147 
0.w2ozo 
0.000865 
0 c a m 0  
0.W0000 
0 . m o  
0.W3118 

0.003503 
0.012278 

0.oOwM) 
O.OWoB4 
0 069769 
0 028322 
0 000160 
0 024031 
0 071476 
3 008064 
2 051951 
0 050277 

0. w w o o  
0 054101 
O.OOOW5 
0. wowo 
0 OW01 7 
0 wowo 
0 Wl045 
0 003111 
o.owB88 
0.000005 
0.W1874 
0.014516 
0.029399 
O.wO785 
0.001330 
0. wwo 
0.M3752 
0.012268 
0.046280 
o . w o 0 8 7  
0.021690 
0.041990 
0.034758 
0.054593 
0 106979 

0.264549 
0.W3221 
0,250395 
0 wwoo 
0. W3908 
0. owooo 
0 W2027 
0 w0690 
0.027459 
0,005791 
O.wO285 
O.MW03 
0.019572 
O . w o w 0  
0 . w W W  
0 . m 7 9  
0.006177 
0 W3292 
0 01 1766 
0.W1823 
0.002564 
0.048186 
O.OM930 
0.020728 
0 261418 

0.105852 
0 000249 
0 000035 
0 I44774 
0 005132 
o . m o 0  
o.owo12 
0 001442 
0.038768 
0.044459 
0. www 
0.011962 
0.w0011 
0 . w W W  
0. wwoo 
O.wWo0 
0 owwo 
O.wO777 
0. NO348 
0 Ow215 
0 043091 
0.038780 
0,001368 
0.016879 
0 057891 

O.wOW0 
0.031798 
0.W3700 
0 oowoo 
0 193081 
0.001895 
0 077071 
0 . m 1 3  
0.M7100 
O.WO565 
0. wom 
0 wwoo 
0.008915 
0. m o  
0 Dm124 
0 m o o  
0.033186 
O.GU3220 
0.242270 
0.036310 
0.W2936 
0.024110 
0 007219 
0 022853 
0 310220 

0. m w  
0.002673 
0 152053 
0 wow0 
0.020774 
0.195ffl9 
0.029793 
0.W1236 
0.015820 
O.wO741 
0 . o o W W  
0. wowo 
0.014955 
0.woOW 
O . w O w 0  
0 wwoo 
O.wo(61 
0.003083 
0.018291 
0.030366 
0.W2w5 
0.059939 
0 OM599 
n 030517 
0 069183 

0 m 1 9 5  

O.WO513 
0 001303 

O.Wow0 
0.w7430 
0.000899 
0.377601 
0.002940 
0.014293 
0 Owl63 
o.ww99 
0.W1275 
0.001158 
O.WM51 
0. mwo 
0 woM)5 
0 001177 
0.002633 
0.057468 
0.010807 
0 002946 
0.038079 
0 0435021 
0 025755 
3 393202 

0.007519 
0.001349 
0.WWW 
0. wwoo 
0.017151 
0.000381 
0.041202 
0.216408 
0.015734 
O.WO239 
O.OW71P 
0.002231 
0.070359 
O . w O w 0  
0 000510 
0.001551 
0.006841 
0.043626 
0.010951 
0.W3898 
0 w3977 
0.083534 
0 006947 
0 030323 
0 418300 

O . w o 1 4 5  
0.016510 
0.001726 
0 OllrnM 
0 016722 
0. owm 
0.001984 
0 012639 
0.301821 
0 w8wo 
0.001539 
0.W5801 
0.000675 
0. ooww 
o.wOw0 
0. wow0 
0 W 8 7  
0.006795 
0 031171 
0.001 566 
0.004348 
0 054567 
0.021537 
0.027077 
0 412599 

0.wMI Io  
0 Ow231 
0.wWW 
0.WmOO 
0.W1806 
O.wWo5 
o.oM691 
o.oow10 
0.067621 
0.036651 
0. mow 
0 000457 
0 003273 
O.OwoO0 
0. m o  
O . M W  
0. m 2  
0 000890 
0.011382 
0.000219 
0.006800 
0.013426 
0.009990 
0.141425 
0 162310 

0. www 
0.112269 
O.OwO29 
0.oWOW 
0 . m o  
0 . w W W  
O.WOW5 
O.Mo277 
o.wo537 
0 Owl44 
0.185167 
0.019122 
0.W3162 
O . w w M 1  
0 woooo 
0.M2222 
0.015869 
0.W1512 
o.oMB08 
0.OW000 
0.005294 
0.025244 
0.024283 
0 014393 
0 085355 

O . w O w 0  
0.027193 
0. m o  
o.ooMoo 
O.WO319 
O . w O w 0  
O . w o O l 2  
0.001659 
0.013599 
0.000030 
0.047wl 

0.043598 
0 327892 

0.W7027 
O.oM396 

0.OD2647 
0.009129 
0.015039 
O.mO36 
O . o w O 0 4  
0.011422 
0.050928 
0.023419 
0 021477 
0 018635 

0 . m o  
0.003220 
0.000371 
o.oooioo 
o.MYu72 
o . w w 0 0  
0.CKlKW 
0.001278 
0 W7182 
O.OOOJ?ii 
0.220119 
0.105634 
0 084133 
0.003411 
0 023590 
0.001489 
0 wo353 
0 002178 
0.006573 
0.0011&4 
0.003791 
0 036844 
0.006158 
0 032306 
0.388881 

0. w m  
0.W5028 
0.wOMx) 
0 . o m  
0.oWZM: 
0.ammO 
O.wO305 
0.W5316 
0.020552 
0 w o l l 0  
0.2uOl41 

0.025921 
0.08996: 

0.012750 
0.00182' 
0.W332S 
O.OM779 
0.00189: 
0.006930 
o.wffl52 
0 w335i 
0 0484l0 
0.003776 

3 04314l 
0 051220 

0 . m 1  
0 002934 
0 Mylwo 
0 W O W  
0.020764 
o.ow202 
0.01 7OW 
0.002215 
0.003191 
0 000058 
0 069256 
0.046421 
0 028394 
0.003951 
0.285UO 
0.W9480 
0 011728 
0.001420 
0 OW728 
0.005819 
0.004773 
0 048288 
0.003781 

0.350985 
0.019414 

0 . o m  
0. wow0 
0 . 0 m  
0. mom 
0 MOW0 
0. www 
O.ww00 
0.- 
0.WowO 
O . W o w 0  
0 . m 1  
0 . m 1  
0 . o m  
0 . w o w o  
0 . m  
o.wOw0 
0 worn 
O.ww00 
O.wOw0 
0.woOW 
0. wowo 
0 owwo 
0. owooo 
0 o m 0  
O.OW003 

O.WO160 
0.052230 
0 wo538 

0.010636 
0 000000 

0.001536 
0. ow806 
0 026031 
0.w2954 

0.W7187 
0 000264 

0.001019 
O.OlOM3 

&wow0 
o.woO11 

0.003329 
0,175289 
0.013230 
0.01w92 
O.OM546 
0.006552 
0.076883 
0.023932 
0.037595 
0.137058 

0.woOW 
0.576850 
0. m o o  
0.w0000 
0 000000 
O.OW17l 
0 oowoo 
O.OW381 
0.001759 
O.OWO60 
0 016444 
o.wow0 
0.013016 
O w o w 0  
0 .wWW 
O.wow0 
O.OW169 
0.078665 
O.ffl4299 
0 000536 
0.015506 

0.001496 
0 090777 

0.049194 
0.011400 

O.Wl964 
0.019661 
0.043581 
0. oowoo 
0 018609 
0 000703 
0.W1194 
0.0-24758 
0.033510 

0.002870 
0 004794 

0.024231 
0.w3539 

o.wooo0 
O.OOW94 
0.001134 
0.013138 
0.040964 
0 185516 
0.010202 
0.007052 
0 05591 7 
0 021882 
0 039984 
0.316021 

0.001713 

O.wo498 
0 owow 
0 128042 
0.008074 
0.019421 
0.024186 
0.028827 
0.005180 
0 011302 
0.030614 
0.041349 
0 o m 0 8  
0 Mwy56 
0 01  561 9 
0.010110 
0 W2287 
0.011380 
0.082223 
0.003579 
0 036990 
0 005562 
0 044103 
0 108930 

0.00202~ 
0.001563 
0.W9281 
0.090036 
0. OrnOOO 
0.003276 
O.WW35 
O.wM73 
0.056150 
0.M8752 
0. owwo 
0.015118 
0.031356 
0.113151 
0.W2675 
0.001123 
0.013193 
0.062707 
0.012369 
O.OW435 
0.W6986 
0 W0570 
0.108031 
0.000868 
O.ffl6089 
0 007420 

0.018154 
0 w0659 
0 002043 
0 ooww 
0 002638 
0 om022 
0.005099 
O.wM15 
0.M7241 
0.000944 
0 000165 
O.wO233 
0.003022 
O.WO7W 
0 005553 
O.OW291 
o.ow212 
0.020951 
0 000397 
0 W1246 
0.018501 
0 065587 
0.007349 

0 015333 
0.018096 

O.MWW 
O.WY194 
0.00M00 
O w o w 0  
0.00w00 
0 Wow0 
0 . m o  
0.001626 
0 owooo 
O.OW307 
0. owow 
0. o m  
0. o m 0  
0.031671 
0. wowo 
0 . m o  
0 w o w 0  
0.W5465 
0 000268 
0. woooo 
0.053291 
0 013258 
0.182507 
0.043687 
0.028112 

0.004264 
0 w(J193 
0 029861 
O.C€QCKl 
O.wO163 
o.wo120 
0.002519 
o.Wo962 
O.Wl467 
0 OW919 
o .ww11 
O.oW132 
0.000322 
0.wo820 
0.owOW 
0. wow2 
O.WO286 
0.002565 
0 004471 
0.001678 
0.058168 
0.013304 
0 002761 
0.08e499 
0.050865 

0.W3205 
O.oow18 
0.028646 
0. m o o  
0 022337 
0.001208 

O.wO236 
0.015001 
0 165833 
O.OM562 
0.W1398 
0 109168 
0.W3107 
0 027955 
0.014390 
0.001054 
0.0011c6 
O.ffl0013 
0.029778 
0.woow 
0.269278 
0 oowoo 
0.244430 
0 oooow 

o . m m  

Source  (58) 





satisfy one d o l l a r ' s   w o r t h  of f i n a l  demand f o r  i t s  own products  
( i . e .   t h e   o r i g i n a l  one do l l a r ' s   wor th   o f   ou tpu t   p lus  12 cen t s   t o  
s a t i s f y   i n d i r e c t  demand bo th   f rom  i t s e l f  and  from o the r  
i n d u s t r i e s ) .   S i m i l a r l y ,  it must  produce  0.91  cents  of  output  to 
s a t i s f y  one d o l l a r ' s   w o r t h  of f i n a l  demand from the  mining  industry 
( i n d u s t r y   2 ) ,  40.22 c e n t s   t o   s a t i s f y  one d o l l a r ' s   w o r t h  of f i n a l  
demand from  the  food and beverage  industry,  and so on down column 1 
of  Table 21. Thus when the   i nve r se  of  Table 21 i s  pre-mult ipl ied by 
the   t ransposed   f ina l  demand vec to r  of  Table 19 (i .e. column 26) ,   the  
t o t a l   o u t p u t   v e c t o r   ( i . e .  column 27, Table  19)  can be der ived.   This  
i s  equiva len t   to   the   opera t ion  shown in   Equat ion  3. 

4.2.1.2  1975 Water Use by Indus t r i a l   Sec to r  

Water use s ta t is t ics  were c o l l e c t e d  from va r ious  
p rov inc ia l  and f e d e r a l  water resource  agencies   (59) .  

For the  manufactur ing and   min ing   indus t r ies   in   the  1-0 
t a b l e ,   d a t a  were compiled on fou r   bas i c  water use parameters - t o t a l  
i n t a k e ,   r e c i r c u l a t i o n ,   g r o s s  water use and t o t a l  consumption  (Table  22). 
T o t a l   i n t a k e   c o n s i s t s  of t h e   t o t a l  amount of new water taken   in to  a 
p lan t ,   regard less   o f   the   purpose  of in take .   Rec i rcu la t ion  i s  an 
estimate of  t he  amount of  water which would  have  been requi red  had 
recycl ing  not   been  pract ised.  Water c i r c u l a t e d  many times wi th in  
one  system  (e.g.   blast   furnace  cooling) is not   inc luded   in  
r e c i r c u l a t i o n .   R a t h e r ,   o n l y  water which i s  used i n  one  system, 
leaves  the  system,  then  enters   another   system  (or   the same system) 
i s  counted as r ec i r cu la t ion .   Gross  water use i s  the  sum of new 
wa te r   i n t ake   p lus   r ec i r cu la t ion .  Water consumption  consists of t h e  
amount  of water los t   dur ing   product ion   main ly   th rough  evapora t ion   or  
incorpora t ion   in to   the   p roduct .  For the  purposes of t h i s   s t u d y ,  
water   in take  was d i saggrega ted   i n to  i t s  sources  of supply - publ ic  
u t i l i t i e s ,   s e l f - s u p p l i e d   s u r f a c e  and self-supplied  ground water. 

4.2.1.3 Water Use Applicat ions of the  Input-Output Model 

To apply  the 1-0 model  of  Equation 3 above t o  water demand 
f o r e c a s t i n g ,   t h e  water use   da ta   in   Table  22 was converted  to  
c o e f f i c i e n t s   o f  water use   per   thousand  do l la rs   o f   to ta l   ou tput ,  as 
g i v e n   i n  column 27 of T a b l e  19. The water use   coe f f i c i en t s   de r ived  
i n   t h i s  manner are g iven   i n   Tab le  23. Each  column  of t h i s   t a b l e  was 
then  diagonal ized  to   form a square matrix, i n  which the   i nd iv idua l  
c o e f f i c i e n t s  form the   p r inc ipa l   d i agona l  of t he  matrix and a l l  
off-diagonal   e lements  are zero.  The r e s u l t  of t h i s   s t e p  is a set of 
seven 25 x 25 d iagonal  matricies, one fo r   each  water use  parameter.  
These are pre-mul t ip l ied ,   in   tu rn ,   by   the   inverse   mat r ix   (Table   21)  
to   g ive   seven  water u s e   i n t e r a c t i o n s  matrices. In  mathematical  
terms : 
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TABLE 22 

Industr ia l  Group 

Mines 6 Mineral  Fuels 
Food h Beverages 
Tobacco 
Rubber 6 Plas t ics  

Textiles,   Knitt ing 
Leather 

Mil ls  6 Clothing 
Wood. Furniture 6 

Fixtures 
Paper 6 Allied  Products 
Pr int ing 6 Publishing 

Other Primary  Metals 
Iron 6 Steel 

&tal  Fabricating 
Mac h i  nery 
Transportation Equlpment 

Non Metal 1 i c  Mlneral 
Electrical   Products 

Petroleum 6 Coal 
Chemicals 6 Chemical 

Misc. Manufacturing 

Products 

Products 

CANADA : WATER USE BY INDUSTRY FOR ONTARIO, 1971 (MILLION  GALLONS  PER  DAY) 

Total  Uater 
Intake 

103.335 
93.600 

268.250 
0.568 

44.508 
2.672 

5.276 

463.053 

645.000 
1.525 

42.155 
13.543 

1 03.979 
3.039 

16.118 
27.611 

187.173 
713.167 

5.230 

Pub1 i c  

0 
63.579 
0.568 

254.180 
2.425 

10.481 

2.242 

37.132 
1.479 

32.610 
2.131 

11.691 
3.028 

32.859 
13.635 
4.815 

0.809 
25.440 

4.432 

Surface Ground 
Company Hater  System 

81 96 
31.180 

10.197 
0.000 

32.425 
0.166 

2.915 

425.002 

602.126 
0.000 

39.353 
1.402 

71 .083 
0.006 

16.248 
1.898 

186.364 
678.639 

0.484 

19% 
7.898 
0.000 

0.061 
3.454 

0.820 

0.117 

0.296 
0.046 
0.328 
0.021 
0.450 
0.005 

0.461 
0.036 

3.056 

0.000 
1.035 

0.074 

Gross Water 
Use 

93.600 
138.159 

331.040 
4.676 

2.989 
68.41 4 

5.828 

1559.567 

1 051 . 000 
12.501 

165.983 
25.287 

176.201 
7.664 

37.712 
50.291 

284.679 
955.042 

15.146 

Recirculation 

34.824 
0.000 

4.108 
62.790 

23.906 
0.317 

0.552 

1096.51 4 

406.000 
10.976 

123.828 
11 -744 
4.625 

72.222 
21.594 
22.680 

241.875 
97.506 

9.916 

Consmption 

10.400 

0.278 
9.279 

1.611 
0.277 
1.189 

0.476 

20.978 
0.064 

14.819 
0.969 
0.737 
0.172 

0.480 
3 222 

3.610 

8.558 
37.960 

0.216 

Source ( 5 8 )  



TABLE 23 

Indus t r ia l  Group 

Mines 6 Mineral  Fuels 

Tobacco 
Food 6 Beverages 

Rubber 6 Plast ics 
Leather 
Text i les.   Kni t t ing 

bod.   Furn i ture 6 
M i l l s  6 Clothing 

Paper I A l l i e d  Products 
Fixtures 

Pr in t ing  6 Publishing 
I ron  6 Steel 
Other  Primary  Metals 
Metal Fabricating 
Hac h i  nery 
Transportation Equipment 
E lec t r i ca l  Products 
Non Metal l ic  Mineral 

Petrolem 6 Coal 
Chenicals 6 Chemical 

Hisc.  Manufacturing 

Products 

Products 

VALUE  OF  OUTPUT  AND  UATER  USE  COEFFICIENTS BY INDUSTRY  FOR  ONTARIO, 1971 
(MILLION GALLONS  PER OAY/MILLION  DOLLARS  PER YEAR) 

Output Value Total  Uater 
$1 06 

1020.7 
3918.6 
280.9 
700.6 
206.2 

1257.0 

787.9 

1453.8 
871 .l 

2185.6 
915.7 

2028.4 
1512.6 
5651 .2 
2029.6 
722.6 

783.5 
1787.4 

800.1 

Intake 

.0916973 

.0263702 . 002021 8 

.3829123 

.0129558 

.0354083 

.0066962 

31  851  52 
.0017507 
-7043497 
-01 92880 
.0066767 
.0020092 . 01 83993 
.0079416 
.0382101 

.2389077 

.3989965 

.0065368 

Pub1 i c  

Unknown . 01  62248 

.3628282 

.0117582 

.OW3381 

.OOZE455 

.0255416 
-001 6979 
-03561 06 
.0009750 
.0057636 
.0020019 
.Om81 45 
.OO67182 
.0066634 

.0142330 

.0010326 

-0055394 

. no2021 s 

h p a n y  Uater System  Gross Uater 
Surface Ground Use 

-0079569 - 00201  55 
Unknown  Unknown 

0.0000000 0.0000000 
.0145557  .0049304 
.0008049 .OO02958 
.0257956 -0006523 

"". .~ 

.0036997  .OW1  485 

2923416 .0002035 
O.OOOOOO0 .0000528 

-6575307 -0003582 . 01 80060 .0000096 
.0006912 .0002218 
.0000040 .0000033 . 01  25783 .0000064 
.0009352 .0002271 
.0224852 .0042291 

.2378751 0.0000000 

.3796791  .0005791 

.0006049  ,0000925 

.0916973 

.0352569 . 01  66447 

.4725417 

.0144929 

.0544266 

.0073968 

1.0727623 
.0143509 

1.1 477079 
.0759455 
-01 24664 
.0050669 
.0311792 
.0185812 
.0695964 

.3633644 

.5343186 

. 01  89304 

Recirculat ion 

0.0000000 

-01 46228 
.0088868 

.OB96293 

.0015370 . 01  901 84 

.0007006 

.7542471 

.0126002 

.4433581 

.0566575 

.0057898 

.0030577 

.0127799 . 01 06397 

.0313863 

.1244567 

.1353221 

.0123936 

Consumption 

.0023679 

. 01  01  891 

.0009897 

.0022995 . 001 1 009 

.0009459 

.OOO6041 

. 01  44298 . oooo735 
-01 61 832 
. m 4 3 4  
.0003633 . 0001 1 37 
.0005701 
.0002365 
.0049958 

-01 09228 
.0212376 

.0002700 

Source (58) 



where (I - A)T -1 = the   t ransposed  form  of   the  inverse  
( i . e .   t h e   m a t r i x  shown in   Equat ion  3 )  

wk = the   matr ix   of  water use   coef f ic ien ts   for   parameter  k 
( k  = 1 , . . . , 7 )  

WIk = t he  water use   i n t e rac t ions   ma t r ix   fo r  parameter k 

The water u s e   i n t e r a c t i o n s  matrices show the  amount of  
water required  ( thousand  gal lons per day)  by  each  industry  from  the 
source   ind ica ted  a t  t h e   t o p   o f   t h e   t a b l e   t o   s a t i s f y  one m i l l i o n  
do l l a r s   wor th  o f   annua l   de l ive r i e s   t o   f i na l  demand by  each  industry 
at t h e   l e f t .  

The water u s e   i n t e r a c t i o n s  matrices can be  used t o   p r o j e c t  
water uses   over  a given  per iod  of  time. The method  used t o   p r o j e c t  
f i n a l  demand has  been  outl ined , and i n  terms of the  model,  a f i n a l  
demand vec to r   fo r   each   po in t   i n   t he   fu tu re   can  be d e r i v e d   i n   t h i s  
manner. W n  the  e lements  of t hese  new f i n a l  demand vec to r s  are 
m u l t i p l i e d  by t h e i r   r e s p e c t i v e   e l e m e n t s   i n  any  column  of t he  water 
u s e   i n t e r a c t i o n s  platricies and t h e   p r o d u c t s   s u m e d ,   t h e   r e s u l t  w i l l  
be a p ro jec t ion   o f  water use   i n   t he  column i n d u s t r y .   I n   t h i s  way, 
water use   for   each   indus t ry   in   the   sys tem  can  be obtained.   This  i s  
equ iva len t   t o   t r anspos ing   t he  water use   i n t e rac t ions   ma t r ix  and 
post-mult iplying  by  the column vec to r  of f i n a l  demands,  denoted 
mathematical ly  as : 

where wuk = the   vector   of  water uses   fo r  parameter k a t  
a g iven   po in t   i n   t he   fu tu re  

(WIk)T = the   t ranspose  of t h e  water use 
in t e rac t ions   ma t r ix   fo r   pa rame te r  k 

The r e s u l t i n g   i n t e r a c t i o n s  matrices, for   each  water use 
parameter   given  in   Table  19,  are shown i n  Tate (58;  pp.  185-212) : 

Table 49 Total  Water I n t a k e   I n t e r a c t i o n s  Matrix 
Table 50 Publ ic  Water In t ake   In t e rac t ions  Matrix 
Table 51 Company Surface Water System  Intake  Interact ions 

Table 52  Company Ground Water System In take   In t e rac t ions  

Table  53 Gross Water Use In te rac t ions   Mat r ix  
Table 54 Rec i r cu la t ion  Water Use In te rac t ions   Ma t r ix  
Table 55 Consumptive Water Use In t e rac t ions   Ma t r ix  

Matr ix  

Matrix 
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4.2.1.4 Mvantages and Limi ta t ions  of t h e  Model 

A major  problem  encountered  in  projecting water demands i s  
t h a t  of unce r t a in ty   abou t   fu tu re  economic  growth,  trends  in 
product ion and water use  technology, and a host  of  other 
unforeseeable  developments.  Two ways around t h i s   d i f f i c u l t y  are ( i )  
to  use a range  of   values   in   the  underlying  var iables  of t he  model 
(e.g.  growth rates,  water u s e   c o e f f i c i e n t s )  and ( i i )   t o   b u i l d  a 
"react ive"  type  of  model t o  t es t  a s e r i e s   o f  "What would  happen 
i f . .  . " type  of  questions.  

The s imple   approach   t o   t h i s   p ro j ec t ,  used to   develop  the 
M U ,  was to assume a growth rate for   each   indus t ry  and a p p l y   t h i s   t o  
cu r ren t  water use   t o   p ro j ec t   fu tu re  water use.  All v a r i a b l e s  of 
water use are assumed cons t an t   excep t   p roduc t ion   l eve l s ,  which a r e  
pro jec ted   wi th  a cons tan t  rate of   increase.   This   gives  a base 
a g a i n s t  which to   eva lua te   o ther   p ro jec t ions ,   even   though it  ignores  
v i r t u a l l y  a l l  p r i n c i p l e s  of water demand fo recas t ing .  

The model  developed  here i s  a much more powerfu l   too l ,   fo r  
i t  a l lows   tes t ing   o f  a wide range of assumptions,  The model is 
capable of genera t ing  water demand forecas ts   based  on indus t ry  
growth ra tes ,  both as sets ( i . e .   h i g h ,  medium or  low rates i n  a l l  
i n d u s t r i e s )   o r  as selected  combinat ions of high,  medium or  low rates 
f o r   i n d i v i d u a l   i n d u s t r i e s .   I n   t h e   s e c t i o n  which  follows a method is 
deve loped   fo r   a l t e r ing   t he  water u s e   c o e f f i c i e n t s .  The model is  
capable of h a n d l i n g   t h e s e   a l t e r a t i o n s   f a i r l y   s i m p l y  by a d j u s t i n g   t h e  
water use   coef f ickent   mat r ices .  An addi t iona l   advantage  of t he  
model relates t o   t e s t i n g   t h e  impact on water use of changes i n  
s p e c i f i c   i n d u s t r i e s .   I n  the same manner tha t   changes   i n   expend i tu re  
p a t t e r n s   ( i . e .   i n   f i n a l  demand) w i l l  cause  changes  in  employment, so 
w i l l  they  cause  changes  in water use. The former  changes are 
quant i f ied  by  developing employment m u l t i p l i e r s   u s i n g   a n  1-0 t a b l e  
(34).  In a similar manner, water use mul t ip l i e r s   can  be developed 
from  the water u s e   i n t e r a c t i o n s   t a b l e s .  

One l i m i t a t i o n  of t he  model concerns  the assumed constancy 
of  the 1-0 t echnologica l   coef f ic ien ts   (Table  20) througtmut  the 
forecas t ing   per iod .  Much c r i t i c i s m   o f  1-0 models  has  concentrated 
on th i s   cons tancy   assumpt ion  ( 2 9 ) .  Stated  simply,  the  problem i s  
that   the   constancy  assumption makes no al lowance  for   technological  
change, more efficient  methods  of  production,  economies of s c a l e ,  
etc. While t h i s  problem is  no doubt a major  one, some prel iminary 
e v i d e n c e   f o r   c o e f f i c i e n t   s t a b i l i t y  was der ived   by   t es t ing   the  
Canadian 1-0 model  over a 10-year   per iod.   Regression  andysis   of  
i nd iv idua l   coe f f i c i en t s   sugges t s  no s lope   t o   t he   r eg res s ion   l i ne ,  
ind ica t ive   o f   coef f ic ien t   cons tancy .   S ince   the   Ontar io  economy 
forms a major p a r t  of t h e   n a t i o n a l  economy, i t  i s  sugges ted   tha t  
t h i s   p re l imina ry   ev idence  of constancy  extends  to  the  Ontario 1-0 
t a b l e   ( 1 5 ) .  Also, t he re  is no reason   tha t   t echnologica l  
coe f f i c i en t s   canno t  be dl t e red   in   fu ture   per iods ,   based  on t rend  
l ine   ev idence ,   fo l lowing   methods   sugges ted   by  Miernyk ( 3 7 ) .  
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4.2.1.5  Current Water Use 

The source  of water use   da ta   for   manufac tur ing  was an 
Environment Canada water use   survey   for  1972 (59) .  A breakdown  of 
water use  by  manufacturing  sector is shown i n  T a b l e  24. Seven 
parameters  of water use were developed   dur ing   the   p ro jec t   a l though 
only  two o f   t h e s e ,   t o t a l  water withdrawal and total   consumption,  are 
h ighl ighted .  Table 24 g ives   bo th   the   Ontar io  and the  Great Lakes 
water use s ta t is t ics .  Water withdrawal   forecasts   provide  an 
est imator   of   the  volume  of d a i l y  water use and water consumption  an 
es t imator   o f   ins tan taneous  water loss. 

Tota l  water in take   for   the   Ontar io   manufac tur ing  
i n d u s t r i e s   i n   1 9 7 1  was 4 ,940   c f s ,  and had increased   to   5 ,870   c fs   by  
1975.  Firms i n   t h e  Great Lakes basin  accounted  for  95 percent  of 
to ta l   wi thdrawal ,   o r   5 ,580   c fs .   Gross  water use   i n   On ta r io   fo r  1975 
to t a l l ed   10 ,880   c f s   fo r   On ta r io ,   g iv ing   an   ove ra l l   u se  ra te  ( i . e .  
gross  use  divided  by  intake)  of  1.85. Water consumption  for  1975 
was 230 c f s ,   r e s u l t i n g   i n  a consumption rate of four   percent .  The 
use and consumption rates fo r   On ta r io  as a whole  apply  also  to  the 
Great Lakes b a s i n ,   r e s u l t i n g   i n  a g ross  water u s e   i n   t h e   b a s i n  of 
10,310 c f s  and a water consumption  of 220 cfs .   Five  manufactur ing 
sec to r s ,   chemica l s ,   p r imary  metals, paper and a l l i e d   p r o d u c t s ,  
rubber and p l a s t i c s ,  and petroleum and coa l ,   accounted   for  78 
percent  of t h e   t o t a l  water withdrawdls and 79 percent  of t o t a l  
consumption  by  manufactur ing  f i rms  in   the  basin  in  1975. The use 
rates f o r   t h e s e   f i v e   i n d u s t r i e s   a v e r a g e  2.03,  ranging  between  1.23 
fo r   rubbe r  and p l a s t i c s ,  and  3.39 for   paper  and a l l i e d   p r o d u c t s .  
Consumption rates fo r   t hese  same indus t r i e s   ave rage   fou r   pe rcen t ,  
r e f l ec t ing   t he   bas in   ave rage ,   va ry ing  from a low of two pe rcen t   fo r  
pu lp  and paper  to a h igh   of   f ive   percent   for   bo th   chemica ls  and 
petroleum and coa l .  

Having  approached water demand f o r e c a s t s  from the   " top  
down", it remains   to   b reak   the   forecas ted   bas in   to ta l s   in to  
sub-basins and in to   l ake   versus   non- lake   sources .  To do so impl ies  
a knowledge  of f u t u r e   i n d u s t r i a l   l o c a t i o n .   T h i s   f o r c e d   t h e  s i m p l e s t  
of   disaggregat ion  techniques,   namely  the  assumption  that   future  
water use would  be d i s t r i b u t e d  among bas ins  and sources  as it  is  
current ly .   This   assumption is ques t ionable ,   bu t  seems reasonable  
for   the   purposes   o f   the   overa l l   s tudy .  

Table 25 c o n t a i n s   d a t a  on current   manufactur ing water use 
by lake   bas in .  The Lake Ontar io   bas in ,   wi th  36 percent  of t he  water 
in take   in   1975,   dominates   the   cur ren t  Great Lakes water u s e   i n  
manufacturing. Combined w i t h  Lake Erie and  Lake  Huron, t h e s e  
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TABLE 24 CANADA: MANUFACTURING WATER USE BY SECTOR, 1971 AND 1975 
( c f s )  

T o t a l  Water Withdrawal 
Ontar io  Great Lakes  Basin 

T o t a l  Consumption 
Ontar io  - Great Lakes  Basin - Sec to r  Year - 

Food and Bev. 1971 
1975 

1 90 
220 

170 
200 

20 
20 

20 
20 

Tobacco 1971 
1975 

10  10 
10 10 

0 0 
0 0 

Rubber  and 1971 
P l a s t i c s  1975 

500  500 
600  600 

10  10 
10 10 

Leather  1971 
1975 

10 
10 

10 
10 

0 0 
0 0 

T e x t i l e s ,  etc.  1971 
1975 

80 80 
100  90 

0 0 
0 0 

Wood, etc.  1971 
1975 

10  10 
10 10 

0 0 
0 0 

Paper  and  Allied 1971 
1975 

8  60 6 50 
1 ,000 750 

40  30 
50  40 

P r i n t i n g ,  etc. 1971 
1975 

10  10 
10 10 

0 0 
0 0 

I ron  and S t e e l  1971 
1975 

1,200  1,200 
1,430  1,430 

30 
30 

30 
30 

Other  Primary 1971 
Metals 1975 

80  80 
90  90 

0 0 
0 0 

Metal F a b r i c a t i n g  1971 
1975 

30 20 
30  30 

0 0 
0 0 

Machinery 1971 
1975 

10 
10 

10 
10 

0 0 
0 0 

T r a n s p o r t a t i o n  1971 
Equipment 1975 

190 
23 0 

190 
230 

10 
10 

10 
10 

Electrical  1971 
Products  1975 

30 
40 

30 
30 

0 0 
0 0 

Non-meta l l ic  1971 
Mineral  Products 1975 

50 
60 

50 
60 

10  10 
10 10 

Petroleum  and  Coal 1971 
1975 

3 50 3 50 
410  410 

20  20 
20 20 

Chemicals 1971 
1975 

1,320  1,320 
1,600  1,600 

70 70 
80 80 

Misce l laneous  1971 
Mfg. 1975 

TOTAL MANUFAC. 1971 
1975 

10 10 
10  10 

0 0 
0 0 

4,940  4,700 
5,870  5,580 

2 10 200 
230  220 
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TABU 25 CANADA: MANUFACTURING WATER USE  BY LAKE B A S I N ,  1975 

Tota l  Water 
Withdrawal 

( c f s )  

% Withdrawn Tot a1 
from  Lake Consumption 

( c f s )  

Lake Superior  7 00 99 20 

Lake  Huron  1100 70 60 

Lake Erie 1520 88 60 

Lake Ontario 1990 90 70 

St .  Lawrence 2 60  90 10 

TOTALS 5570  87 220 

three   bas ins   account   for  83 percent  of t h e   t o t a l  water withdrawal. 
Consumption rates va ry  amongst l ake   bas ins ,  from a low of 2.7 
p e r c e n t   i n  Lake Superior  to a h igh  of  5.3 p e r c e n t   i n  Lake  Huron. 
T h i s   v a r i a t i o n   r e f l e c t s   t h e   i n d u s t r i a l   c o m p o s i t i o n   o f   t h e   b a s i n s .  
The Lake Superior water use , for  example,  is dominated  by  the  paper 
and a l l i e d   p r o d u c t s   i n d u s t r y ,  and the   f igures   accord ingly   mir ror  
tha t   indus t ry ' s   consumpt ion  rate of  two percent .  

On the   bas i s   o f   the  1971 water use  information  for   Ontar io  
as a whole,   the  vectors  of water u s e   c o e f f i c i e n t s  were developed. 
The c o e f f i c i e n t   v e c t o r s   f o r  water withdrawal and consumption are 
shown in   Tab le  26. The vec to r s  were used in   con junc t ion   w i th   t he  
input-output model t o   g e n e r a t e  estimates of f u t u r e  water u s e s   i n  
manufacturing. 

4.2.1.6 M L P  Water Use Project ion  for   Manufactur ing 

For the  M W  a l l  parameters of water use  except the 
economic product ion   leve l  are he ld   cons t an t .   Spec i f i ca l ly ,   t he  
technology  of water use,  as r e f l e c t e d  by the  withdrawal and 
consumption rates,  i s  assumed c o n s t a n t ,  as i s  the   pa t t e rn  of 
in te r - indus t ry   p roduct ion ,  as r e f l e c t e d  by the   t echn ica l  
c o e f f i c i e n t s   o f   t h e  1-0 model. 

The s e l e c t i o n  of  economic  growth rates for   each  
manufactur ing  sector  i s  c r i t i ca l  i n   p r o j e c t i n g  M U  water  use. The 
empi r i ca l  basis fo r   de t e rmin ing   t h i s  set of  growth rates was the  
real  value of   shipments   (1971  dol lars)   data   for   Ontar io   s ince 1950 
(56) .  It is  impor tan t   to   pu t   th i s   per iod   in   perspec t ive .   Whi le  
Ontario  has  always  been  the  centre of the  Canadian economy, i t  had 
u n t i l   a f t e r  World War 11, a r e l a t i v e l y  small economic  base i n  terms 
o f   i n d u s t r i a l   d i v e r s i f i c a t i o n ,   S i n c e   t h e  war, i t  has  matured  into a 
r e l a t i v e l y   s t r o n g   d i v e r s i f i e d  economy wi th  well developed  primary 
metals, petroleum and petro-chemicals ,   pulp and p a p e r ,  and food and 
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TABLE 26 CANADA: U T E R  USE COEFFICIENTS FOR  MANUFACTURING, 1971 

(mgd/$106 of annua l   ou tpu t )  

" 

I n d u s t r y  Total   Withdrawal Total  Consumption 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Food & Bev. 

Tobacco 

Rubber & Plast ic  

Lea ther  

T e x t i l e s ,  etc.  

Wood, etc. 

Paper & Al l i ed  

P r i n t i n g ,  etc.  

I ron  & S t e e l  

Other  primary metals 

Metal Fab. 

Machinery 

Trans.  Equipment 

Electrical  Products  

Non Metal Min. Pr .  

Petroleum & Coal 

Chemicals 

Misc. Manu. 

0.0279344 

0 0026085 

0.3599379 

0.0122965 

0.034601 1 

0 0080522 

0.3592791 

0.0019667 

004678517 

0.0431389 

0 -  0045882 

0.0046163 

0.0217472 

0 0085573 

0.0405812 

0.2539139 

0.4340094 

0-0072706 

0 0025084 

0.0012767 

0.0021616 

0 0010447 

0 0009  243 

0.0007265 

0.0162767 

0 0000825 

0 01 07490 

0 00099  16 

0*0002497 

0.0002613 

0.0006739 

0*0002548 

0 0053058 

0.0116096 

0.0231012 

0.0003003 
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beverage sectors, To base long term growth rates on t h i s  25--year 
period would probably   b ias   the   resu l t s   o f   the  water use   fo recas t ing  
toward the   h igh   s ide .   Neve r the l e s s ,   t he  economic statist ics from 
t h i s   p e r i o d  had to  be used in   fo rmula t ing  a fu ture   g rowth   pa t te rn  
f o r   t h e y  are the   bes t   da t a   ava i l ab le .  The 25-year  period was s p l i t  
into  f ive-year  segments.  Compound annual  growth rates for   each  
per iod were then   ca l cu la t ed ,  and three  growth  scenarios  were 
formulated.  The high  scenario  used  the  highest   f ive-year  growth 
r a t e ,  the  low  scenario  the  lowest  rate and the  medium scenar io   the  
median rate. These rates are shown i n   Tab le  27. For the  MLP it  was 
assumed tha t   g rowth   i n   each   i ndus t ry  would r e f l e c t   t h e  medium rate  
of  growth  to  1985,  the low rate of  growth p a s t  2000 and the  average 
of  these two rates between  1985 and 2000. The forecasted  economic 
ou tpu t   r e su l t i ng  from th i s   g rowth   pa t t e rn  is shown by i n d u s t r i a l  
s e c t o r   i n   T a b l e  28.  Using t h e   f i n a l  demand p ro jec t ions  as the  
"dr iver"   of   the  water use model r e s u l t s   i n  the MLP pro jec t ions   o f  
water withdrawal  Table 29 and consumption  Table 30. 

4.2.1.7 Al te rna t ive   Pro jec t ions   for   Manufac tur ing  Water 
Use 

In   o rde r   t o   demons t r a t e   t he   a l t e r a t ion   t o   t he   Canad ian  MLP 
of  manufacturing water use as a resu l t   o f   vary ing   the   under ly ing  
assumptions  of  the  model,   f ive cases w i l l  be presented.  The f i r s t  
alters the  growth ra te  fo r   each   s ec to r  from the  MLP to   the   h igh ,  
medium and low rates shown in   Table  27. These h igh ,  medium and  low 
scena r ios  set upper and lower limits on the  M L P  p ro j ec t ion .  The 
s econd   a l t e r a t ion .   u ses  a set of constant  growth rates based  on  the 
last  25 years .  The t h i r d   a l t e r a t i o n  of t he  MLP simulates   changes  in  
the   t echnologica l   assumpt ions   about   water   use   by   a l te r ing   the  
withdrawal and consumption rates. The fou r th   s imu la t ion  shows  what 
would happen to  water withdrawal  and  consumption in   the  Canadian 
s e c t i o n  of the   bas in   i f   the   wi thdrawal  and consumption rates f o r  
Canada took on the   zero   po l lu tan t   d i scharge   va lues  assumed i n   t h e  
Uni ted   S ta tes .  The last  case combines the  growth rate a l t e r n a t i v e s  
wi th   the  medium technologica l   change   a l te rna t ive   to   s imula te  water 
use  under a complex set of  future  assumptions.  

4.2.1.8  Changing  Growth Rates - Scenario I 

The r e s u l t   o f   s u b s t i t u t i n g   d i f f e r e n t   m a n u f a c t u r i n g  
growth rates i n t o   t h e  water use model i s  shown in  Table  31.  The 
high set of  growth rates from  Table 27 y i e lds   ave rage  water use  
inc reases  of  5.9 percent  per annum. under  the medium set of  growth 
rates, withdrawal and consumption  increase  an  average  annual  4.4 
percent   for   both parameters. The average   annual   increase   for   bo th  
withdrawal and consumption  under  the low set of  growth rates i s  3.3 
percent .  
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TABLE 27 " CANADA: ALTERNATIVE MANUFACTURING GROWTH RATES FOR 
ONTARIO. 1975-2035 

" 

Sector  

Food & Beverage 

Tobacco 

Rubber & P l a s t i c s  

Leather 

Textiles,  e tc .  

Wood, etc.  

Paper & Al l i ed  

P r i n t i n g ,  etc.  

I r o n  & S t e e l  

Other  Primary Metals 

Metals Fabr i ca t ing  

Machinery 

Transpor t a t ion  
E qui  pmen t 

Electr ical  Products  

Non-Metallic  Mineral 
Products  

Petroleum & Coal 

Chemicals,  e tc .  

Miscel laneous 

E l e c t r i c a l  Power 

Agr i cu l tu re  

Mining 

High 

5 

4 

6 

3 

3 

6 

5 

5 

- 

5 112 

5 1 / 2  

5 112 

7 

7 

7 

Medium 

3 

2 112 

4 1 / 2  

2 

2 

4 

4 

3 112 

4 112 

4 112 

4 112 

5 

4 1 / 2  

5 

6 4 112 

6 4 1 /2  

6 4 314 

5 4 112 

5 4 1 /2  

4 1 /2  3 1 / 2  

5 4 1 / 2  

2 

1 

2 

1 

1 

2 

3 

2 1 / 2  

3 1 /2  

3 1 / 2  

3 112 

3 

3 

3 1 / 2  

3 

3 1 / 2  

4 

4 

3 1 / 2  

2 1 / 2  

3 1 /2  
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Industry 
1975 

Agriculture , etc .  
Mines & Minerals Fuels 
Food & Beverages 
Tobacco 
Rubber & P l a s t i c s  
Leather 
Text i les ,  etc.  
Wood, etc. 
Paper & Allied 

o\ T Print ing,  e tc .  
0 Iron & Stee l  

Other  Primary Metals 
Metal Fab. 
Machinery 
Transportation Equipment 
Eiectr ical products 
Non-Metaliic  Mineral  Prod. 
Petroleum & Coal 
Chemicals, etc.  
Misc. Manufacturing 
Construction, etc. 
Transportation, etc. 
Utilities 
Communication, etc.  
Others 

855 
29  2 

2 , 3 8 9  
206 
219 
16  8 
531 
229 
4  36 
34 3 

-400 
-538 

1 , 803 
685 

3 ,855  
1 , 6 1 1  

137 
268 
6 57 
506 

3 ,673  
2 ,818  

179 
6,557 

-432 

27 ,011  

Final  Demand 
1985  2000  201 5 

1 ,206  
453 

3 ,211  
26 3 
340 
205 
647 
340 
6  46 
484 

-498 
-83 6 

2 ,800  
1,116 
5,987 
2 ,624  

2  13 
41 6 

1 , 0 4 5  
786 

5,383 
4 , 1 7 1  

278 
9 ,706  

-640 

2 ,020  
87  7 

4 , 6 2 8  
339 
5 62 
25  4 
805 
52  4 

1 ,077  
75 0 

-1 ,113  
-1 ,499  

4 ,829  
1 , 9 9 0  

10 ,325  
4 , 8 6 4  

3 68 
7 5 4  

2 , 0 1 4  
1 ,463  
9 , 6 9 5  
7 , 5 1 2  

5 38 
17 ,480  
- 1 , 1 5 2  

3 , 3 8 5  
1 ,697  
6 , 2 2 9  

39  3 
7  56 
295 
9  35 
705 

1 ,677  
1 , 0 8 6  

-1 ,865  
-2 ,511  

7 , 5 2 4  
3 , 1 0 0  

16 ,086  
8 ,149  

5 73 
1 ,249  
3 ,626  
2 , 634 

17 ,459  
13 ,529  

1 , 0 4 1  
31 ,480  
-2 ,075  

40 ,346  69 ,904  117,157 

2035 

6 ,735  
4 , 0 9 3  
9 , 2 5 6  

48 0 
1 , 1 2 4  

360 
1 , 1 4 1  
1 , 0 4 8  
3 , 0 2 9  
1 , 7 8 0  

-3 ,711  
-4 ,996 
1 3 , 5 8 9  
5 , 5 9 9  

2 9 , 0 5 3  
1 6 , 2 1 5  

1 , 0 3 5  
2 ,485  
7 , 9 4 6  
5 , 7 7 3  

38 ,256  
29 ,645  

2 , 5 1 0  
6 8 , 9 7 6  
- 4 , 5 4 8  

198,617 

1975 

2,442 
1,309 
4,163 

24 0 
889 
235 

1,392 
767 

1 , 5 0 8  
89 0 

1,644 
1,165 
3 ,520  

800 
5 ,702  
2 ,289  

811 
87 9 

1 , 9 7 8  
858 

4 , 5 9 8  
6,206 

739 
9 ,932  
2,735 

5 7 , 6 9 1  

Total  Output 
1985  2000  2015 

3,445 
2,032 
5 ,595  

308 
1,380 

28 7 
1,697 
1 ,135  
2,232 
1 ,255  
2 ,553  
1 ,810  
5,466 
1 ,303  
8 , 8 5 5  
3 ,729  
1 ,260  
1,365 
3,147 
1 ,332  
6 ,806  
9,186 
1 ,148  

14 ,701  
4,408 

86,075 

5 , 7 7 2  
3 ,933  
8 , 0 6 4  

39  6 
2 ,279  

357 
2 , 1 1 2  
1 , 7 5 1  
3 ,721  
1 , 9 4 6  
4 ,576  
3 ,244  
9 ,427  
2 , 3 2 5  

1 5 , 2 7 0  
6 , 9 1 2  
2 , 1 7 3  
2,447 
6 , 0 6 1  
2 , 4 8 1  

12 ,257  
16 ,543  

2 , 2 2 1  
26 ,476  

7 , 2 9 1  

150 ,035  

9 , 6 7 0  
7 , 6 1 2  

1 0 , 8 5 3  
460 

3,067 
414 

2 , 4 5 1  
2 , 3 5 6  
5 ,797  
2 ,818  
7 , 666 
5 ,434  

14 ,687  
3,622 

23 ,790  
1 1 , 5 8 1  

3 ,385  
4,099 

10 ,915  
4 ,468  

22 ,074  
29 ,793  

4 ,299  
47 ,682 
13 ,130  

252,123 

2035 

19.241. 
19 ,358  
1 6 , 1 2 8  

56  1 
4 ,557  

50 5 
2 , 9 9 1  
3 ,501  

10 ,471  
4 , 6 1 8  

15 ,255  
10,813 
26 ,526  

6 ,542  
42 ,968  
23 ,043 

6 , 1 1 4  
8,157 

23,9  15 
9 , 7 9 1  

4 8 , 3 6 8  
6 5 , 2 8 1  
1 0 , 3 6 8  

104 ,477  
28 ,770  

51  1 ,319 



The medium set of rates from  Table 27 produces water use 
estimates which are ve ry   c lose   t o   t hose   fo r   t he  M L P .  The o v e r a l l  
growth  in  water use   for   the  l a t te r  was 4.5 percent .  For ind iv idua l  
l ake   bas ins ,   va r i ances  between the  base case and the  medium growth 
rate scena r ios  may be up to  15 percent .  The range  of  water  use 
estimates produced  by  the  alternative  growth rate scena r io  is  wide , 
a l though i t  does  bracket  the M U ,  which l i es  in   the   bo t tom part of 
the  range. 

4.2.1.9  Changing  Growth Rates - Scenario 11 

The second  simulation  of  future water use was based  on 
output  from  the CANDIDE model of  the  Canadian economy, reg iona l ized  
f o r   t h e  Great Lakes  basin  in a s tudy   fo r   t he  Canada Cent re   for  
Inland Waters (54) .  The r e s u l t s   o f   t h i s   s i m u l a t i o n  are &so shown 
in  Table  31,   under the columns l a b e l l e d   " h i s t o r i c " .   T h i s   p a r t i c u l a r  
l a b e l  i s  used  because  the W I D E  model  employs  econometric 
equations  based upon h i s t o r i c   d a t a .  A s  o u t l i n e d  ear l ie r ,  t h i s  
growth  scenario i s  probably   too   h igh   to  be considered  an  accurate  
f o r e c a s t  

4.2.1.10 Water Use and Technological Change 

One of t he   mos t   impor t an t   f ac to r s   a f f ec t ing   i ndus t r i a l  
water use i s  the   t echnology  used   in   c i rcu la t ing  water through 
p l a n t s .  Changes  designed  to   recirculate  more water w i l l  l e a d   t o  
r e d u c t i o n s   i n  water demand.  They may or  may n o t   a f f e c t  water 
consumption.  Thus, i t  i s  impor t an t   i n  making de fens ib l e  water 
demand forecas ts   tha t   t echnology be t aken   i n to   accoun t   exp l i c i t l y  
( 3 )  

One  way of  approaching  the  technological  change  problem i s  
empirically,   through  examining  changes  over time i n  the use rate and 
the  consumption rate. The use rate i s  t h e   r a t i o  of gross  water use 
to  water in take .  The consumption rate is t h e   r a t i o   o f  water 
consumption  to  gross water use.  The d i f f i c u l t y   i n   u s i n g   t h i s  
approach is the  non-existence of  an  appropriate time s e r i e s   o f  water 
u s e   d a t a   i n  Canada.  However, water use  surveys  have  been  conducted 
i n   t h e  U.S. by the  Department of  Comnerce every   four   o r   f ive   years  
( 5 ) ,  and the   publ i shed   resu l t s   o f   these   surveys  are an   appropr ia te  
place to  begin an analysis   of   technological   change as i t  a f f e c t s  
water use.  

For  each  major  industry,   except  agriculture and thermal 
power g e n e r a t i o n   f o r  which no data   could be found,  the  published 
U.S. d a t a  were used to   develop  use rates and consumption rates f o r  
1954,  1959,  1964,  1968, and  1973. It was assumed t h a t   t r e n d s   i n  
t hese  rates r e f l e c t   t h e   e v o l v i n g  s ta te  of water use  technology. 
Since  the U.S. has a somewhat  more water - in tens ive   indus t ry   (wi th  
higher  use  and  consumption rates gene ra l ly )  , technological   impacts  
on water use  can be examined  by allowing  Canadian  water  use  patterns 
to  assume t h e  parameteric va lues   a s soc ia t ed   w i th   t he  U.S. da t a .  
S p e c i f i c a l l y ,  f o r  each   indus t ry ,   the  method  allowed  the  Ontario use 
and consumption rates to  assume t h e   h i g h ,  medium and low U.S. values  
Over the  time frame of the  s tudy  in   gradual   and  equal   increments .  
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TABLE 29 CANADA: PROJECTED  MANUFACTURING WATER WITHDRAWALS  By BASIN 

AND SELECTED YEAR 
"_ - "- 

Basin 

Lake Superior  

Lake Huron 

Lake Erie 

Lake  Ontario 

S t .  Lawrence 
River 

Great Lakes 

Indus t ry  

Chemical & All ied   Products  
Primary Metals 
Paper & All ied   Products  
Petroleum & Coal  Products 
Rubber & P l a s t i c   P r o d u c t s  
Others 

TOTAL 

Chemical & All ied   Products  
Primary Metals 
Paper & All ied   Products  
Petroleum '& Coal Products  
Rubber & P l a s t i c   P r o d u c t s  
Others 

TOTAL 

Chemical & All ied   Products  
Primary Metal s 
Paper & All ied   Products  
Petroleum & Coal  Products 
Rubber & P l a s t i c   P r o d u c t s  
Others 

TOTAL 

Chemical & All ied   Products  
Primary Metals 
Paper & All ied   Products  
Petroleum & Coal  Products 
Rubber & P l a s t i c s   P r o d u c t s  
Others  

TOTAL 

C h e m i c a l  & All ied   Products  
Primary Metals 
Paper & All ied   Products  
Petroleum & Coal  Products 
Rubber & P l a s t i c   P r o d u c t s  
Others 

TOTAL 

Chemical & All ied   Products  
Primary Me tal s 
Paper & Allied  Products  
Petroleum & Coal Products  
Rubber & P l a s t i c   P r o d u c t s  
Others  

TOTAL 

1975 

10 
390 
2 90 

0 
0 

10 
7 00 

330 
50 

29 0 
0 

410 
30 

1,110 

1,020 
60 
10 

250 
20 

220 
1,520 

15 0 
1,070 

80 
160 
17 0 
3 60 

1,990 

90 

100 

10 
60 

2 60 

1,600 
1,520 

760 
4 20 
600 
G 80 

5,570 

- 
I 

1985 

10 
61 0 
4 30 - 
- 

10 
1,060 

52 0 
80 

430 

63 0 
40 

1,690 

1,620 
10 
10 

39 0 
30 

33 0 
2,380 

240 
1,670 

120 
2 50 
26 0 
500 

3,030 

140 

150 

10 
80 

3 80 

2,530 
2,360 
1,120 

6 40 
92 0 
9 60 

8,550 

- 

- 

- 

2000  2015 
" 

30 50 
1,100 1,840 

710 1,100 - - 
- - 

10 20 
1,850 3,010 

1,000 1,800 
140 230 
720 1,120 

1,040 1,400 
60 90 

2,950 4,630 

3,120 5,620 
10 20 
10 10 

710 1,180 
50 60 

540 830 
4,440 7,720 

460 820 
2,990 5,000 

190 300 
450 750 
420 570 
800 1,180 

5,300 8,630 

2 80 5 10 - 10 
250 380 

10 20 
110 15 0 
650 1,050 

4,880 8,790 
4,240 7,100 
1,870 2,910 
1,150 1,930 
1,520 2,050 
1,530 2,270 

15,200  25,050 

- - 

- - 

2035 

120 
3,660 
1,990 - 
I 

30 
5,800 

3,930 
460 

2,020 

2,080 
150 

8,640 

12,300 
50 
10 

2,350 
100 

1,460 
16,270 

1,810 
9,950 

550 
1,490 

84 0 
2,030 

16 ,670 

1,110 
10 

6 90 

30 
22 0 

2,050 

19,270 
14,120 
5,260 
3,850 
3,050 
3,890 

49,430 

- 

- 

Figures  may not  add  due  to  rounding 
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TABLE 30 CANADA: PROJECTED "KJFACTURING WATER CONSUMPTION BY LAKE BASIN 

AND SELECTED YEAR 

Basin 1975 - 1985 - 2000 - 2015 2035 I n d u s t r y  

Chemical & All ied   Products  
Primary Metals 
Paper & All ied   Products  
Petroleum & Coal  Products 
Rubber & P l a s t i c   P r o d u c t s  
Others 

TOTAL 

Chemical & All ied   Products  
Primary Metals 
Paper & All ied   Products  
Petroleum & Coal  Products 
Rubber & Plas t i c   P roduc t s  
Others 

TOTAL 

Chemical & All ied   Products  
Primary Metals 
Paper & All ied   Products  
Petroleum & Coal  Products 
Rubber & P l a s t i c   P r o d u c t s  
Others 

TOTAL 

Chemical & Allied  Products  
Primary Metals 
Paper & Allied  Products  
Petroleum & Coal  Products 
Rubber & P l a s t i c s   P r o d u c t s  
Others 

TOTAL 

Chemical & All ied   Products  
Primary Metal s 
Paper & All ied   Products  
Petroleum & Coal  products 
Rubber & P l a s t i c   P r o d u c t s  
Others 

TOTAL 

Chemical & Allied  Products  
Primary Metals 
Paper & Allied  Products  
Petroleum & Coal  Products 
Rubber & P l a s t i c   P r o d u c t s  
Others 

TOTAL 

Lake Superior  10 
10 
40 

10 
20 
60 

10 
30 

100 - 

10 
140 

- 
10 
10 

- 
10 
20 

- 
10 
80 

10 
30 - 

10 
50 - 

- 
20 

40 

- 
120 

40 

10 
10 

17 0 

- 

- 

- 

Lake Huron 60 

20 

10 
10 
90 

- 
- 

- 

47 0 
10 

100 

10 
10 

600 

- 

220 

60 

10 
10 

290 

- 
- 

- 
10 

l o  
10 
60 

.- 

Lake Erie 30 
- 
- 
20 

50 - 90 
10 

50 

30 
170 

- 
- 

170 
10 

80 
10 
40 

3 00 

- 
3 80 

10 

150 
10 
70 

6  10 

- 
30 

20 
90 

- 
10 
60 - 

Lake Ontar io  10 
30 
10 
10 

20 
70 

- 

- 

20 
50 
10 
10 

30 
110 

- 

- 

40 
90 
10 
10 
10 
50 

190 - 

160 
2 90 

30 
20 
10 

120 
62 0 

70 
140 

10 
10 
10 
70 

320 

St .  Lawrence 
River 

10 10 10 10 

40 
- 

I 

10 
10 - 

- 
10 
30 

- 
10 
60 

10 
20 - 

Great Lakes 90 
40 
40 
20 
10 
40 

220 - 

130 
50 
60 
30 
10 
60 

34 0 - 

26 0 
100 
90 
50 
10 
90 

600 - 

470 
160 
140 

90 
10 

130 
1,010 

1,030 
320 
26 0 
180 

20 
2 20 

2,030 

Figures  may not  add  due  to  rounding 
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TABLE 31 

Lake Erie 

Bas in  Year 

Lake  Superior  1975 
1985 
2000 
2015 
2035 

Lake Huron 1975 
1985 
2000 
20 15 
203 5 

1975 
1985 
2000 
2015 
2035 

Lake  Ontario 1975 
1985 
2000 
20 15 
2035 

St.  Lawrence 1975 
River  1985 

2000 
201 5 
2035 

TOTALS 1975 
1985 
2000 
20  15 
2035 

CANADA: MANUFACTURING WATER USE  PROJECTIONS UNDER VARYING ECOMOMIC 

GROWTH ASSUMPTIONS BY LAKE BASIN AM) SELECTED YEAR 

High 

- 
1,210 
2,640 
5,750 

16,280 

- 
2,010 
4,640 

10,750 
33,200 

- 
2,880 
6,980 

16  ,960 
55,700 

- 
3,580 
8,190 

18,840 
57,760 

- 
450 
9 70 

2,130 
6,240 

- 
10,130 
23,420 
54,440 

169,170 

Water Withdrawal 
Medium Low 

7 00 
1,060 
1,990 
3,750 
8,740 

1 , 100 
1,680 
3,180 
6,040 

14,220 

1,520 
2,330 
4,480 
8,630 

20,720 

1,990 
3,020 
5,740 

10,960 
26 ,050 

2 60 
38 0 
6 70 

1,220 
2,740 

5,570 
8,460 

16,070 
30,600 
72 ,480 

93 0 
1,510 
2,460 
4,740 

- 

- 
1,390 
2,190 
3,500 
6,670 

- 
2 , 110 
3,670 
6,400 

13 , 530 

- 
2,600 
4,220 
6,900 

13,410 

- 
330 
5 30 
87 0 

1,700 

- 
7,360 

12 , 120 
20,130 
40,040 

H i s t o r i c  

- 
1,070 
2,020 
3,840 
9,050 

- 
1,720 
3,370 
6 , 610 

16,280 

- 
2 , 400 
4,780 
9,520 

23,890 

- 
3,070 
6,050 

11,820 
28  ,900 

- 
400 
7 50 

1,430 
3,380 

- 
8,660 

16 ,970 
33,210 
81 ,500 

Consumption 
High Medium 

0 
40 
90 

190 
5 20 

- 
60 

150 
3 40 

1,020 

- 
150 
3 50 
850 

2,750 

- 
120 
280 
640 

1,950 

- 
20 
50 

110 
3 10 

- 
400 
910 

2,110 
6,550 

20 
40 
60 

120 
2 70 

60 
70 

100 
190 
450 

60 
120 
2 30 
440 

1,050 

70 
100 
190 
3 50 
83 0 

10 
20 
30 
60 

130 

220 
3 50 
62 0 

1,160 
2,730 

Low 

- 
30 
50 
80 

150 

- 
50 
80 

140 
27 0 

- 
110 
190 
330 
700 

- 
90 

140 
2 30 
450 

- 
20 
30 
40 
90 

- 
290 
49 0 
8 20 

1,650 

H i s t o r i c  

.- 

30 
50 
90 

2 10 

- 
90 

180 
350 
87 0 

- 
100 
1 90 
370 
9 10 

1 

1 10 
220 
4  20 
130 

- 
10 
20 
40 
90 

- 
340 
660 

1,280 
3,100 



This set of s imulat ions allows conclusions to  be drawn on what w i l l  
happen to  water demands i f  water use   pa t t e rns   change   i n   i n t ens i ty  
dur ing   the   forecas t   per iod .  

Data on t h e  parametric values  used are shown i n   T a b l e  33, 
based upon the f ive   annual   surveys   conducted   in   the  U.S. between 
1954 and 1973. The use and consumptive rates are shown because  they 
are the  parameters   of  water use  thought  to be impor t an t   i n   ana lyz ing  
f u t u r e  water use.  The gross   use per employee  parameter is used t o  
relate economic  output  to water use.  According  to  the  methodology, 
the  var ious  Canadian parameters were a l lowed  to   assume,   in   tu rn ,   the  
high and the  low U.S. va lues   ove r   t he   60 -yea r   l i f e   o f   t he   fo recas t  
i n   l i n e a r   i n c r e m e n t s  . Then a medium scenar io  was ca lcu la ted   by  
a v e r a g i n g ,   f o r   e a c h   f o r e c a s t   y e a r ,   t h e   h i g h  and  low va lues .  The 
gross   use per employee f i g u r e  was used,  after conve r s ion   t o   g ros s  
u s e   p e r   m i l l i o n   d o l l a r s   o f   o u t p u t ,   t o   c a l c u l a t e  new c o e f f i c i e n t s   f o r  
t he  water use  model,  which, when app l i ed   t o   t he  MLp fo recas t s   o f  
output,   enabled  the  computation  of new g ross  water use  amounts f o r  
each   forecas t ing   year .  

An example  of  the  method  for  projecting parametric va lues  
is  g i v e n   i n   T a b l e  32.  Working wi th   t he  set  of   da ta  on use rates 
from  Table 33, t h e   f i g u r e   f o r  1975 is t h e  most current  Canadian 
measure  of  this  parameter.  The f i g u r e s   f o r   t h i s  parameter f o r  2035 
are the   h ighes t  and lowest   values   f rom  the  corresponding  array  in  
Table 33, fo r   t he   h igh  and  low r e s p e c t i v e l y  and the   average   o f   these  
two f i g u r e s .  

TABLE 32 CANADA: USE RATE MANIPULATIONS, FOOD AND BEVERAGE INDUSTRY 

Use Rate 
Year High Med ium L O W  

1975 - 1 330 - 
1980 1 465 1.418 1 370 
2000 1 668 1 549 1 430 
2015 1.870 1 680 1 *490 
2035 2.140 1 855 1 570 

To o b t a i n  the i n t e r v e n i n g   f i g u r e s ,   s i m p l e   l i n e a r   i n t e r p o l a t i o n  was 
used.  In a similar manner,  the  current  Canadian  consumption rates 
were dl t e r ed   t o  assume t h e  U. S. high,   average,  low values   of   Table  
33 by 2035, and the   ad jus tments  made fo r   i n t e rven ing   yea r s .  These 
parameters were then  used  to   calculate  water withdrawal and 
consumption  forecasts .  The parameter f o r e c a s t s  were then  arranged 
to   s imula te   ex tens ive ,  medium and in tens ive   water -us ing   technologies .  

Scenario Use Rate Consumption Rate 

ex tens ive  
medium 
i n t e n s i v e  

low 
med ium 

high 

low 
med ium 

high  

F-6 5 



TABLE 33 CANADA: PARAMETRIC VALUES  USED I N  TECHNOLOGICAL 

CHANGE SCENARIOS' 

I n d u s t r y  Year 

Food & Beverage  1954 
1959 
1964 
1968 
1973 

Tobacco 1954 
1959 
1964 
1968 
1973 

T e x t i l e s  1954 
1959 
1964 
1968 
1973 

Lumber & Wood 1954 
1959 
1964 
1968 
1973 

F u r n i t u r e  & 1954 
F i x  t u r e s  1959 

1964 
1968 
1973 

Paper & A l l i e d  1954 
I n d u s t r i e s  1959 

1964 
1968 
1973 

Chemical & All ied  1954 
I n d u s t r i e s  1959 

1964 
1968 
1973 

use Rate2 

2.14 
2.08 
1.57 
1.66 
1.96  (1.3314 

3.67 
14 67 
21 33 
12.83 
20.00  (8.23) 

1.15 
1.35 
1.82 
2.13 
2.39 (1.53) 

1.20 
1.31 
1.44 
2.03 
1.66  (1.10) 

1.14 
1.33 
1.33 
1.50 
1.50  (1.10) 

2.37 
3.12 
1.41 
2.90 
3.37  (2.42) 

1 e60 
1.61 
1 e98 
2.10 
2.66 (1.34) 

Consumption ~ a t e 3  - 

9 0501 
00408 
0605 

,0431 
e0373 (00883)  

. 0 9.09 
e0227 
0 156 
01  30 
0100 ( 9 0468) 

e1754 
0824 
0483 
0549 

e0423 ( 00278) 

1580 
,0761 

12  90 
00390 

1396 ( -0231)  

37 50 
2500 

- 

SO391 
*0187 
0222 

e0267 
e0140  (00129) 

a0314 
0343 

-0273 - 0320 
e0167 ( e0293) 

Petroleum & Coal 1954  3.33 0214 
1959  4.45  .0199 
1964  4.41  e0131 
1968  5.08  ,0299 
1973  9.13  (1.52) 0106 ( -0242) 
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Leather & Leather 1954 
Products  1959 

1964 
1968 
1973 

Non-Metallic 1954 
Minera ls  1959 

1964 
1968 
1973 

Primary Metals 1954 
1959 
1964 
1968 
1973 

Machinery 1954 
1959 
1964 
1968 
1973 

Electrical 1954 
Equipment 1959 

1964 
1968 
1973 

Transpor t a t ion  1954 
Equipment 1959 

1 964 
1968 
1973 

Miscel laneous 1954 
1959 
1964 
1968 
1973 

1.10 
1.16 
1.00 
1 25 
1.25 (1.11) 

2.23 
1.64 
1.56 
1.65 
2.17  (1.82) 

1.28 
1.53 
1.46 
1.55 
1.79  (1.77) 

1.34 
1.46 
1.73 
1.79 
2.56  (2.52) 

1.14 
1.71 
2.69 
2.91 
10.02  (2.34) 

1.41 
2.01 
2.49 
2.91 
8.12  (1.71) 

1.14 
1.43 
1.69 
1.71 
2.17  (2.90) 

.0909 

1429 
0500 

- 

- (-0687) 
0435 - 
0797 
e0799 
e0568 ( 1383) 

e0323 
0266 
.0430 
0397 
e0208  (00154) 

- 
e0239 
0292 
-0237 
e0137 (*0400) 

1846 
e0314 
SO51 1 
0243 
e1160  (e0103) 

0492 
0594 
,0150 
.0220 
0076 ( 0296) 

- 
0500 
.0455 
0417 

- (-0507) 

1 Source ( 5) 
2 Use Rate - r a t i o  of gross water u s e   ( i n t a k e   p l u s   r e c i r c u l a t i o n )   t o  

3 Consumption Rate - r a t i o  of water consumption  to   gross  water use .  
4 ( ) Bracketed   va lues   ind ica te   the   mos t   cur ren t  (1975) Canadian  measure. 
All v a l u e s  are based on U.S. water use  surveys  from 1954 t o  1973. 

water w i t h d r a w a l   ( i n t a k e ) .  
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Under the  extensive water use f u t u r e ,  water i n t a k e  w i l l  be 
r e l a t i v e l y   l a r g e   b e c a u s e   r e c i r c u l a t i o n ,  as r e f l e c t e d  by the  use 
ra te ,  w i l l  be r e l a t i v e l y  low. It follows  that   consumption w i l l  be 
r e l a t i v e l y  low in   t he   f ace   o f  low r e c i r c u l a t i o n .  The r eve r se  
reasoning  can be app l i ed   t o   s e l ec t ion  of use and consumption rates 
f o r   t h e   i n t e n s i v e  water use   fu ture .  Both rates w i l l  be h igh   for  
t h i s   a l t e r n a t i v e .   S i n c e   t h e   s u b j  ect o f   i n t e re s t   he re  i s  the  
technology  of water use wi th in   p lan ts ,   g ross   use  is  held  constant  a t  
t he  MLP rates.  

The s i m u l a t i o n   r e s u l t s  are shown in   Tab le  34 in   agg rega ted  
form  for  a l l  manufactur ing  sectors .  For the   ex tens ive  water use 
s c e n a r i o ,  water withdrawal   increases  a t  an average  annual rate of 
4.0 percent.  Consumption, on the  other   hand,  w i l l  i nc rease  by a 
slower rate of  3.3  percent. This scena r io   r ep resen t s  what  would 
happen i f  Canadian water use   pa t t e rns   r e f l ec t ed   t he  most ex tens ive  
pa t t e rns   expe r i enced   i n   t he  U.S. 

Under the  medium set of assumptions,   the   average  annual  
growth rate f o r  water withdrawal   decreases   to  3.4 pe rcen t ,   wh i l e  
that   for   consumption  increases   to  4.2 percent .   This   scenario 
p r o d u c e s   r e s u l t s   r e l a t i v e l y   c l o s e   t o   t h e  M U .  

The set of  assumptions  denoting  the  most  intensive water 
use   resu l t s   in   average   annual   g rowth   of  3.0 percent and  4.9 percent  
r e spec t ive ly   ove r   t he   cu r ren t   f i gu res ,  and w i l l  be t h e   r e s u l t   i f   t h e  
i n t e n s i t y   o f  water use   i n  Canada approaches  the maximum i n t e n s i t y  
ye t   exper ienced   in   the   Uni ted   S ta tes .  

4.2.1.11 Simulation  Using U. S. MLP Parameters 

Previously,   the  impact was shown of t r e n d s  toward more 
in t ens ive  water use   i n   t he  U. S. For forecas t ing   purposes ,   these  
t r e n d s  are r e f l ec t ed   i n   t he   subs t an t i a l   changes   i n   w i thd rawa l  and 
consumption rates. In  order  to  examine  the  impact  that  similar 
assumptions would have  on  Canada,  the  use  and  consumption rates 
inhe ren t   i n   t he  U.S. P ro jec t ion  2 ( N U )  were applied  to  Canadian 
gross   use estimates as developed i n   t h e  MLP. Since  the parametric 
rates f o r   t h e  U.S. were a v a i l a b l e   o n l y   t o  2000, the  assumption was 
made t h a t   t h e  2000 rates would apply   to  a l l  subsequent  years.   This 
s imula t ion   fo r  Canada is  the  exact   analogy  to   the U.S. P ro jec t ion  2 ,  
t he   on ly   d i f f e rence   be ing   i n   t he   unde r ly ing  economic  growth rate and 
the   g ross  water use   f igures .  

The r e s u l t s  of t h i s   s i m u l a t i o n  are shown i n  Table  35. 
This   t ab le  is somewhat d i f f e r e n t   i n  i ts  format  than  comparable  ones 
for   other   s imulat ions  because i t  i s  necessa ry   t o  show gross water 
use and t h e  two parametr ic  rates, i n   a d d i t i o n   t o   p r o j e c t e d  
Withdrawal and consumption. For 1975,  the  withdrawal  and 
consumption rates sbwn i n   t h e   t a b l e   s h o u l d  be compared to   t he  
corresponding rates i n  T a b l e  32 to  show base y e a r   d i f f e r e n c e s   i n  
Canadian and U.S. water use   pa t te rns .  The o v e r a l l   r e s u l t s  of t hese  
base   year   d i f fe rences  is a s l i g h t   ( 2 5   c f s )   o v e r e s t i m a t e  of  Canadian 
withdrawals and a 100 percen t   l a rge r  estimate of  consumption. 
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TABLE 34 

Basin 

Lake Supe r io r  

Lake  Huron 

Lake Erie 

Lake  Ontario 

S t .  Lawrence 
River 

TOTALS 

CANADA: MANUFACTURING MATER USE UNDER VARYING TECHNOLOGICAL  ASSUMPTIONS 

Year - 

1975 
1985 
2000 
2015 
2035 

1975 
1985 
2000 
20 15 
2035 

1975 
1985 
2000 
2015 
2035 

1975 
1985 
2000 
2015 
2035 

1975 
1985 
2000 
201 5 
2035 

1975 
1985 
2000 
20 15 
2035 

Water Withdrawal 
Extens ive  Medium I n t e n s i v e  

- 
1,200 
2,400 
4,510 

10,480 

1,740 
3,160 
5,270 

10,880 

- 

- 
2,260 
4,000 
6,620 

13,130 

- 
3,130 
5,750 
9,940 

21,180 

- 
410 
7 70 

1,870 
3,030 

- 
8,750 

16,090 
27,710 
58,700 

7 00 
1,110 
2,040 
3,510 
7,280 

1,070 
1,590 
2,620 
3,930 
7,040 

1,520 
2,040 
3,280 
4,960 
8,770 

1,990 
2,910 
4,970 
8,020 

15,730 

2 60 
37 0 
6 20 
990 

1,860 

5,570 
8,030 

13,520 
21,410 
40,690 

1,050 
1,820 
2,960 
5,700 

- 

- 
1,490 
2,290 
3,220 
5,250 

- 
1,920 
2,890 
4,120 
6,760 

- 
2,770 
4,500 
6,950 

12,890 

- 
350 
5 40 
80 0 

1,360 

- 
7,580 

12,050 
18,050 
31 ,960 

Consumption 
Extens ive  Medium 

- 
40 
60 

110 
240 

- 
50 
90 

140 
28 0 

- 
100 
150 
210 
3 30 

- 
100 
170 
2 80 
590 

- 
20 
30 
40 
70 

- 
300 
500 
7 90 

1,520 

20 
40 
90 

170 
420 

60 
60 

110 
200 
460 

60 
110 
190 
310 
5 90 

70 
110 
220 
4 10 

1,020 

10 
20 
40 
60 

140 

22 0 
3 40 
650 

1,160 
2,640 

In t ens ive  

- 
40 

180 
220 
6 10 

- 
60 

130 
2 60 
660 

- 
120 
2 30 
400 
8  60 

- 
120 
26 0 
5 30 

1,470 

- 
20 
40 
80 

2 10 

- 
370 
760 

1,490 
3,800 

Columns may not   add  due  to   conversion  and  rounding.  



TABLE 35 CANADA: MANUFACTURING WATER USE  SIMULATION 
- ZERO DISCHARGE OF POLLUTANTS 

I n d u s t r y  

Food and  Beverage 
Textile 
paper   and   Al l ied   Products  
Chemicals  and  Chemical 

P roduc t s  
Petroleum  and  Coal   products  
Pr imary Metals 
Transpor t a t ion   Equ ip .  
O the r s  

T o t a l  

Food and  Beverage 
T e x t i l e  
paper   and   Al l ied   Products  
Chemicals  and  Chemical 

P r o d u c t s  
Pe t ro l eum and  Coal  Products 
Pr imary Metals 
Transpor t a t ion   Equ ip .  
O the r s  

Tot a1 

Food and  Beverage 
Textile 
Paper   and   Al l ied   Products  
Chemicals  and Chemical 

P r o d u c t s  
Petroleum  and  Coal   Products  
Pr imary Metals 
Transpor t a t ion   Equ ip .  
O the r s  

T o t a l  

Food and  Beverage 
Textile 
paper   and   Al l ied   Products  
Chemicals  and  Chemical 

P r o d u c t s  
Petroleum  and  Coal   Products  
Pr imary Metals 
Transpor t a t ion   Equ ip .  
O the r s  

Tot a1 

Food and  Beverage 
T e x t i l e  
paper   and   Al l ied   Products  
Chemicals  and Chemical 

p r o d u c t s  
Petroleum  and  Coal   Products  
Pr imary Metals 
Transpor t a t ion   Equ ip .  
O the r s  

Total 

Year 

1975 

- 

1985 

2000 

20  15 

2035 

Gross  Use 

260 
120 

2,570 
2,130 

62 0 
2,860 

38 0 
9 10 

9,870 

350 
150 

3,800 
3,390 

980 
4,180 

600 
1,670 

15,130 

5 10 
180 

6,340 
6,540 

1,750 
7,500 
1,030 
2,800 

26,650 

680 
21 0 

9,880 
11,780 

2,940 
12,590 
1,600 
3,990 

43,650 

1,020 
2 60 

17,840 
35,800 

5,850 
25,000 
2,890 
6,500 

85,170 

- 

U. R. 

1.37 

- 

1.43 
2.24 
1.51 

2.51 
1.37 
2.2 
1.93 

3.77 
11 .o 
6.02 

11 -52 

14-67 
5.58 
9.3 
7.19 

6.5 
13.0 
11.61 
25 78 

32 e27 
11.85 
19 -23 
11.89 

6.5 
13 
11.61 
25.78 

32 27 
11.85 
19.23 
18.89 

6.5 
13.0 
11 61 
25.78 

32 -27  
11.85 
19.23 
11-89 

Water 
Withdrawal 

190 
80 

1,150 
1,410 

250 
2,090 

170 
470 

5,820 

90 
10 

630 
300 

70 
7 50 
60 

2 30 
2,150 

80 
10 

550 
250 

50 
630 
50 

240 
1,870 

110 
20 

850 
460 

90 
1,060 

80 
2 10 

2,880 

16 0 
20 

1,540 
1,000 

180 
2,110 

150 
5 50 

5,700 

C.R. - 
1039 
1439 

no224 
032 

-0742 
1343 
1209 

-0558 

3097 
.3333 
2518 
283 1 

.3957 

.4775 
4478 
2359 

* 5913 
.5 
7844 

-761 

802 
.7934 
.7425 
.4599 

59  13 
50 

.7844 - 761 

.802 1 

.7934 
7425 

.4599 

59 13 
-50 
-7844 

7 608 

.802 1 

.7934 

.7425 

.4599 

Consum. 

20 
10 
30 
40 

20 
280 

20 
30 

450 

30 
10 

160 
80 

30 
360 
30 
50 

740 

50 
10 

430 
190 

40 
5 00 
40 

110 
1,370 

60 
10 

670 
350 

70 
840 
60 

100 
2,150 

90 
10 

1,210 
7 60 

140 
1,680 

110 
2 50 

4,250 

Columns may not   add   due   to   rounding  
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The same U-shaped conf igu ra t ion  as noted   for   the  U.S. 
P r o j e c t i o n  2 occurs   for   Canadian water withdrawal   under   this  
s imula t ion .  It is  ex t r eme ly   un l ik ly   t ha t   t h i s   s imu la t ion  w i l l  occur 
in   the   absence   o f   regula tory  and  economic  instruments  to  promote 
such  an  outcome i n  Canada. The r e s u l t   o f   t h i s   s i m u l a t i o n  i s  
r e p o r t e d   s o l e l y   f o r   i l l u s t r a t i v e   p u r p o s e s  and comparison  with  the 
U. S. National  Assessment  Study. 

4.2.1.12 Water Use Ranges  Based on Simulation Runs 

Because water u s e   d a t a   c o l l e c t i o n   i n  Canada is  r e l a t i v e l y  
r ecen t ,   i n su f f i c i en t   measu remen t s  exist  to   a l l ow a s ta t is t ical  
approach   t o   t h i s   fo recas t ing  exercise. The s imulat ion  approach 
taken here is a n   a l t e r n a t i v e  and a l lows   t he   s e l ec t ion  of a range  of 
water use estimates around the ML,P (F igures  7 and 8). A wide  range 
of a l t e rna t ives   have   been   cove red   i n   t hese   fo recas t s ,  and it  is 
improbable   that   future   manufactur ing water use w i l l  f a l l   o u t s i d e  of  
the   ind ica ted   band ,   exc luding   the   lowes t   curve .   Trends   in  
environmental   control ,   even  in   Canada,  w i l l  induce more 
r e c i r c u l a t i o n  (i .e. h ighe r   u se   r a t e s )   i n   t he   fu tu re   t han   expe r i enced  
c u r r e n t l y   w i t h   a t t e n d a n t   i n c r e a s e s   i n  water consumption. The high 
growth rate fu ture   can   probably  be dismissed  because  the  growth 
rates are thought  too  high  to be exper ienced   in  a m a t u r e   i n d u s t r i a l  
economy such as Ontar io ' s .   E l imina t ing   th i s   scenar io ,   Table  36 
g i v e s   t h e  MLP water use   p ro j ec t ion   t oge the r   w i th   t he   bes t  estimate 
of i t s  upper and lower limits. 

5.1  Mining Water Use: United  States  Most L ike ly   P ro jec t ion  

1. Rates of incremental   change  in  OBERS SERIES E minera l  
earning projections  between  1975,  1985  and 2000 were determined 
through a two s t age   p rocess .  A cu rve   connec t ing   ea rn ings   fo r   t he  
period  1975  to 2000 was developed  and  projected  back  to  1972,  the 
most recent  USBM mineral   product ion  base  year .  The rates of change 
f o r  time intervals,   1975/1972,  1985/1975, and  2000/1985, were then 
ca lcu la ted   for   each   minera l   g roup .  

2 .  The minera l   indus t ry   average  water withdrawals  for  1972 
were ca l cu la t ed  by  mult iplying USBM estimates of   na t iona l  water 
wi thd rawa l   ave rages   i n   ga l lons   pe r   p roduc t ion   do l l a r  by t he  1972 
product ion   to ta l s   for   each   minera l   g roup .  
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TABLE 36 CANADA: MANUFACTURING  WATER  USE  RANGES  FOR  THE 
GREAT LAKES BY SELECTED  YEARS 

(c fs )  

Water  Withdrawal Water  Consumption 

Year M L P  High Low MLP High Low 

1975  5 , 570 d " 2 20 - " 

1985 8 , 550 8,750 7 , 580  340 360 300 

2000  15 , 200  16 , 090 12,050 600 790 500 

2015 25,050 30 , 600 18 , 050 1,010 1 , 700  790 

2035 49 , 430 72,500 31 , 960 2,030 4,800 1 , 520 

NOTE: High water  consumption  estimate  represents  a  combination of high 
growth  and  intensive  technology  assumptions. 
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3. Estimates of water withdrawals  and  consumptive  use f o r  1975, 
1985  and 2000 were made by; a) mul t ip ly ing  1972 water withdrawals  by 
the   earn ings   change  rates for   each   minera l   g roup   and ,   b )   de te rmining  
average  consumption  percentages  of water withdrawals   for   each 
mineral   group.  

TABLE 37 U.S.: WATER USE  RATES & PERCENTAGES  FOR THE MINERAL INDUSTRY 

Industry  Category  Withdrawals % Consumed % Rec i rcu la t ion  

(Ga1/1972 
p r o d u c t i o n   d o l l a r )  

Metals 92 14.5 88.2 

Nonme t dl s 163 13.3 9 4 . 4  

Fuels  52 55 -2  60.0 

4. P ro jec t ions   o f   mine ra l   i ndus t ry  water withdrawals and 
consumption were obtained by e x t r a p o l a t i n g   t h e  USBM d a t a   t o  2035. 

5.2  Mining Water Use : Canada 

High, MU, and low  forecas ts   for   min ing  water withdrawals and 
consumption were prepared  using  the  respect ive  growth rates from 
Table 27 in   the  Canadian  manufactur ing  discussion  (Table   38) .  Under 
the  high  growth  scenario,  water withdrawal   increases  a t  a compound 
rate of f i v e   p e r c e n t  per year ;   the   cor responding   f igure   for   the  low 
growth  scenario is  3.5 percent  or 1,040  c fs   per  annum.  The 
consumptive  use  projections  for  the  high and low  scenar ios  are 70 
c f s  and 30 cfs r e spec t ive ly   by  2035. No technological   change 
a l t e rna t ives   have   been  computed for   the   min ing   sec tor .  

6.1 Rural-Stock Water Use: United  States  Most L ike ly   P ro jec t ion  

The fol lowing  procedure was used i n   t h e  NAS to   genera te   the  
U.S. ru ra l - s tock   u se   da t a .  

1.  Livestock water use   es t imates  were ca l cu la t ed  as a 
func t ion  of s tock  water use rates and p ro jec t ed   l i ves tock   p roduc t ion  
f igu res .   S tock  water use rates were obtained  f rom  several   sources .  
Drinking water use rates, c l a s s i f i e d   a c c o r d i n g   t o  animal type and 
weight   ca tegor ies ,  were taken  from J.F. Sykes " A n i m a l s  and Fowl and 
Water". Water use rates for   o ther   than   dr inking   purposes  were 
e s t ima ted   f rom  r ive r   bas in   r epor t s  and s p e c i a l  area s t u d i e s .  
Drinking  and  non-drinking water use rates were f i n a l l y  sumned t o  
o b t a i n   t o t a l   s t o c k  water use rates. 
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TABLE 38 

Lake  Huron 

Lake Erie 

Basin Year 

Lake Superior 1975 
1985 
2000 
20 15 
2035 

1975 
1985 
20  00 
201 5 
2035 

1975 
1985 
200 1 
20 15 
2035 

Lake Ontario/ 1975 
S t .  Lawrence 1985 

2000 
2015 
2035 

TOTALS 1975 
1985 
2000 
20 15 
2035 

CANADA: MINING WATER USE PROJECTIONS 
( c f s )  

Withdrawal  Consumption 
High M L P  Low High M L P  Low 

10 
20 
40 
80 
21 0 

110 
180 
380 
800 
2120 

10 
10 
20 
40 
110 

10 
10 
10 
10 
40 

130 
2 20 
450 
9 30 

2470 

10 
20 
30 
50 
100 

110 
17 0 
3 10 
520 
1040 

10 
10 
20 
30 
60 

10 
10 
10 
10 
20 

130 
200 
37 0 
6 10 
1220 

10 
20 
30 
40 
90 

100 
160 
2 70 
450 
8 90 

10 
10 
10 
20 
40 

10 
10 
10 
10 
10 
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190 
310 
5 20 

1040 

10 
10 
10 
10 
10 

10 
10 
10 
20 
40 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
30 
70 

10 
10 
10 
10 
10 

10 
10 
10 
10 
20 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
20 
40 

10 
10 
10 
10 
10 

10 
10 
10 
10 
20 

10 
10 
10 
10 
10 

10 
10 
10 
10 
10 

10 
10 
10 
10 
30 
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2. Estimates of l i ves tock   p roduc t ion  were derived  from  the 
OBERS SERIES E p r o j e c t i o n s  of human population  which were t r a n s l a t e d  
i n t o   h i s t o r i c a l   t r e n d s   o f  commodity  demands. P r o j e c t e d   l i v e s t o c k  
product ion was a l lo t t ed   t h roughou t   t he   r eg ion  on the   bas i s   o f   t he  
popu la t ion   p ro j ec t ions .  

3. The re la t ionship   be tween numbers  of l i v e s t o c k  and 
associated  commodities  produced were est imated  for   each ASA w i t h  
d a t a  from  1970 Agr i cu l tu re  Census repor t s .   This   in format ion  and the  
water use rates were used  to   develop  conversion  factors   represent ing 
da i ly   s tockwater   requi rements   d iv ided   by  commodity produced. 
Convers ion   fac tors  were assigned  to   each ASA i n   t he   r eg ion  by v i s u a l  
i n t e r p o l a t i o n  of t he  state f a c t o r s .  These f a c t o r s  were assumed 
constant   for   1975,   1985 and 2000 wi th  no al lowance  for   changes  in  
. l ives tock   composi t ion   o r   p roduct ion   e f f ic ienc ies  , 

4. The pro jec ted   annual   l ives tock  water requi rements   for   the  
per iod 1975 to  2000 were determined  by  multiplying  the  stock water 
use rates times the   p ro j ec t ed   l i ves tock   p roduc t ion   f i gu res .  
Consumptive  use rates are assumed t o  be 100 percent  of  withdrawal 
rates. This may not  be t r u e   i n  a l l  cases of   s tock  water use,   but  
q u a n t i t i e s  of r e t u r n   f l o w  are e x t r e m e l y   d i f f i c u l t   t o  estimate and 
are cons idered   to  be neg l ig ib l e   i n   t h i s   s tudy .   The re fo re ,  
wi thdrawal   f igures   a l so   represent   consumpt ive   use .   Pro jec t ions   o f  
water withdrawals and consumptive  use  for  the  period 2005 t o  2035 
were der ived by e x t r a p o l a t i o n .  

6.2  Rural-Stock Water Use: Canada 

The p r o j e c t i o n  of l i v e s t o c k  water use  involved a fo recas t   o f  
t he  number of animals by category.  The c a t e g o r i e s  used were beef 
ca t t le ,  d a i r y  cat t le ,  pigs ,   lambs and sheep,  and poul t ry .  It was 
assumed t h a t   d a i r y  and meat products   f rom  Ontar io   l ivestock were 
des t ined   for   Ontar io   marke ts ;  no account was taken of e i t h e r   e x p o r t s  
or  imports.   This  assumption seems reasonable   s ince   Ontar io  is  not  a 
l a rge   expor t e r  of l i v e s t o c k   o r   f o o d s t u f f s ;  it a l s o   s i m p l i f i e s   t h e  
forecas t ing   process   because  i t  al lows  overlooking  possible  
export-import e f f e c t s .  In f o r e c a s t i n g   t h e  number of animals  by 
ca t egory ,   t he   va r i ab le  used was per capita consumption  of meat 
products   for  which s ta t is t ics  are avai lable   back  to   1939;  a time 
series from  1945 to  1977 was used f o r   t h i s   s t u d y .  The procedure 
invo lved   r eg res s ion   ana lys i s ,   w i th  time as the  independent 
v a r i a b l e .  The r e g r e s s i o n   r e l a t i o n s h i p s  were of   the form: 

Y = f ( t ime)  

where Y i s  the  per capi ta   consumption  of  meat o r  da i ry   p roduc t s .  

S e v e r a l   f u n c t i o n a l   f o r m s   f o r   t h e   r e g r e s s i o n   l i n e s  were 
a t tempted ,   wi th   the  aim of   ob ta in ing  a good " f i t "   t o   t h e   d a t a  a t  the  
same time as al lowing meat consumption  to  approach a maximum va lue  
over time. The la t te r  cond i t ion  was placed on the   ana lys i s   because  
a s imple  l i n e a r   f i t   t o   t h e   d a t a   g a v e   p r e d i c t i o n s  of  per capita 
consumption  which  were c l e a r l y   n o t   f e a s i b l e .  For example,   the least  
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squares   f i t   o f   beef   consumpt ion   da ta ,   based  on a simple linear 
regress ion  on untransformed  data ,   gave a predicted  value  around 400 
pounds per year  by 2035 (1975  value  equals 102  pounds). One type  of 
curve  which  permits  use  of a maximum value  i s  termed a l o g i s t i c  
curve  (3O), and was used t o   f i t   t h e  beef and p o u l t r y   d a t a .  The per 
capita consumption  of  dairy  products was found to   decrease   over  time 
and an e x p o n e n t i a l   c u r v e   b e s t   f i t   t h e s e   d a t a .  The pork and mutton 
consumption  data were found t o  be t r e n d l e s s ,  and the  mean value  over  
the  per iod 1945 to  75 was used i n   t h e  water use   forecas t ing   process  
f o r   p i g s  and sheep. The s p e c i f i c   e q u a t i o n s  used are shown in   Table  
39, Once the  per capi ta   consumption values were der ived ,   they  were 
mul t ip l i ed  by the   fo recas t ed  medium popula t ion   scenar io   (Sec t ion  
2.2.3, Table  15),  and then  divided  by  average  animal  weights  to  give 
a predic ted  number of animals i n   t h e   b a s i n   f o r   e a c h   f u t u r e   y e a r .  
The number of animals  was then  used as the  basis f o r   t h e  water use 
f o r e c a s t   f o r   e a c h  class of animal. Disaggrega t ion   of   the   to ta l  
l i v e s t o c k  water use   i n to   i nd iv idua l   l ake   bas ins  was ca r r i ed   ou t  on 
t h e   b a s i s  of a s tudy by  Bangay ( l ) ,  which contains  data  back  to  1931. 

The e s t i m a t e d   l i v e s t o c k   d i s t r i b u t i o n  amongst b a s i n s   i n  1975 is 
sbwn in   Table  40. When these  numbers are mul t ip l i ed  by the  
c o e f f i c i e n t s  of water use shown i n  Table  40  (39)  and  then 
aggrega ted ,   the   resu l t ing  water withdrawal   for   the  basin is 80 c f s .  
The p ro jec t ion   equa t ions   fo r   each   t ype   o f   l i ves tock  are g i v e n   i n  
Table 39. When the  numbers  of  l ivestock are pro jec ted  and 
t r a n s l a t e d   i n t o  water use ,   t he   t o t a l   w i thd rawa l   i nc reases  a t  an 
annual  growth rate of 1.6 percent .  All water withdrawals   for  
s tockwater ing are considered  here  to be consumed. 

A high  s tockwater ing estimate was computed using meat and d a i r y  
consumption  f igures 20 percent  above  the MLP amounts. The low 
estimate used meat and d a i r y  consunrption f i g u r e s  20 percent  below 
t h e  M L P ;  i n   a d d i t i o n   t h e   l o w  estimate is based  on  the  low  population 
projection  (Table  14).   With  the  changed  assumptions  buil t   into  the 
project ion  model ,  water use   fo r   s tockwa te r ing   a t t a ins  a h igh  
estimate of 270 c f s  and a low estimate of 170 c f s  by  2035.  These 
represent   annual   increases  of 2.0 percent  and  1.2 percent  
r e spec t ive ly   ove r   t he   fo recas t   pe r iod .  

7.1 I r r i g a t i o n  Water Use: United  States  Most L ike ly   P ro jec t ion  

The NAS f i g u r e s   f o r   a g r i c u l t u r a l  water withdrawals and 
consumption were developed  by  the state o f f i c e s   o f   t h e  U.S. 
Department  of  Agriculture (USDA) and the  Soi l   Conservaton  Service 
(SCS). The methodology  used  to   obtain  this   data   consis ted  of   s ix  
s teps   (63)  : 

1. Estimates of  cropland acreages for   each   type  of c r o p   i n  
each ASA were compiled  from OBERS SERIES E p ro jec t ions   o f  
agr icu l tura l   deve lopment  and the  SCS state crop   product ion   repor t s  
for  1975,  1985 and  2000. 
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TABLE 39 CANADA: EQUATIONS FOR PER  CAPITA  MEAT AND DAIRY PRODUCT USE 

Product Type of Maximum 
Equation Val ue 

( l b s / y r )  

Equation Standard 
e r r o r  of 
estimate 

Beef Log i s t i c  125 Ln(1 - 1 ) = -1.23 - .066X .80 
" 

Y 125 

Dairy Exponential  na Ln Y = 4.39 - .004X 

P igs  Constant na Y = 55 

0 49 

na 

Pou l t ry   Log i s t i c  40 Ln(1 - 1 ) =: 3.8 - .118X 92 
" 

Y 40 

Mutt on Constant na Y - 3  na 
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TABLE 40 CANADA: LIVESTOCK WATER USE COEFFICIENTS AND POPULATION 
DISTRIBUTION BY LAKE BASIN, 1975 

Lives tock  Type Populat ion (1 ,000 Head) 
Basin 

Superior  Huron Erie Ontario 

Dairy Cattle 4 1 64 179  149 

Beef Cattle 21 972 67 6 443 

Pigs  18 6 46 904 277 

Sheep 1 58 35  35 

Pou l t ry  2,007  6,021  14,049  12,042 

Coef f i c i en t s  
ga l lons /head/day  

Tota l  

496  30 

2,112 12 

1,845  1.5 

129  1.5 

34,119  0.05 
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2. Crop  consumptive i r r iga t ion  requi rement   coef f ic ien ts   for  
normal and h i g h   i r r i g a t i o n   e f f i c i e n c i e s   f o r  1975  and 2000 were 
ca lcu la ted   by   the  SCS Special   Projects   Divis ion  to   correspond  with 
c rop   acreages   in   each  water resources   sub-area  in   each state.  Crop 
consumpt ive   i r r iga t ion   requi rements  were computed with  the  use of a 
modified  Blaney-Criddle  method  (63)  that   incorporates  average 
monthly temperature and p r e c i p i t a t i o n ,   c r o p   t y p e  and water 
consumption, s o i l  t y p e ,   r e s i d u a l   s o i l   m o i s t u r e ,   c r o p   m a t u r i t y ,  
p l an t ing  and h a r v e s t i n g   d a t e s ,  and l e n g t h  of  day in  consumptive  use 
estimates. 

3.  Monthly  annual i r r i g a t i o n  water u s e   c o e f f i c i e n t s  were 
developed  to   ref lect   crop  requirements  and c u r r e n t  and f u t u r e  water 
u s e   e f f i c i e n c i e s .  These c o e f f i c i e n t s  were der ived as a funct ion  of  
crop  consumption  requirements and estimates o f   i r r i ga t ion   sys t em 
conveyance and  on-farm a p p l i c a t i o n   e f f i c i e n c i e s  . Conveyance  and 
on-farm a p p l i c a t i o n   e f f i c i e n c i e s  were compiled  from  existing 
i r r i g a t i o n   r e c o r d s  and USDA repor t s   fo r   1975 ,  1985  and  2000. 

The assumed t r e n d   i n   i r r i g a t i o n  water use   e f f i c i ency  reflects 
fu ture   improvements   in   i r r iga t ion   sys tem  de l ivery  and water 
management such as l i n i n g  and p i p i n g   o f   i r r i g a t i o n   c a n a l s  and 
d i t ches ,   r egu la t ed   headga te   ope ra t ion ,  and e f f i c i e n t   t y p e s   o f  
i r r iga t ion   t echno logy .  

4. Total  water u s e   c o e f f i c i e n t s  were m u l t i p l i e d   b y   t o t a l  
cropland  acreage  to   obtain estimates of water requi rements   for  
ag r i cu l tu re   fo r   1975 ,  1985  and  2000. P r e c i p i t a t i o n   r e c o r d s   f o r   t h e  
region were used t o   d e t e r m i n e   t h e   h i s t o r i c a l   q u a n t i t i e s  of water 
supp l i ed   by   r a in fa l l  per acre of  cropland. The difference  between 
t h e   t o t d   c r o p  water requirement and t h e   h i s t o r i c a l   r a i n f a l l   s u p p l y  
was taken as t h e   t o t a l   i r r i g a t i o n  water requirement.  

5.  Crop  consumptive  use c o e f f i c i e n t s  were app l i ed   t o  
withdrawal   f igures   for   var ious areas to   ob ta in   t o t a l   consumpt ive   u se  
estimates. 

6. P ro jec t ions  of i r r i g a t i o n   w i t h d r a w a l s  and consumptive  use 
to  2035 were obta ined   by   ex t rapola t ion .  

The methodology  used  to  project   the water demands f o r   g o l f  
c o u r s e   i r r i g a t i o n  i s  based on the  following  sequence: 

1. Estimated demand i n  acres through 2020  by l ake   bas in  was 
ex t r ac t ed  from GLBC, App. 15,  p.  8.  This demand is  based on Bureau 
of  Outdoor  Recreation (BOR) p r o j e c t e d   p a r t i c i p a t i o n  rates and OBERS 
SERIES C popu la t ion   p ro j ec t ions .  

2. Divide  1970 demand by   supply   in   each   lake   bas in  and app ly  
t h e s e   f a c t o r s   t o  estimate supply  through 2020 based on the  
assumpt ion   tha t   go l f   course   cons t ruc t ion  w i l l  c o n t i n u e   i n   t h e  
fu tu re .  The GLBC assumed no cons t ruc t ion  a f te r  1980. 
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3. Adjust   project lons  of   golf   course  acreage down t o   r e f l e c t  
OBERS SERIES E popu la t ion   p ro j ec t ions  . 

4 .  Apply water a p p l i c a t i o n  rates from  the GLBC App.  15 
(Tables  15-6,  15-12)  to  golf course  acreage  to   determine water 
volumes   requi red   to   i r r iga te  t h i s   t o t a l   a c r e a g e .  

5. Pro jec t   popula t ion  and p a r t i c i p a t i o n  rates t o  2035  and 
a p p l y   t o   i r r i g a t i o n   n e e d s .  

6 .  Adjust water needs down to   r e f l ec t   a s sumpt ion   t ha t   on ly  75 
percent  of  designated  golf   course  acreage is  a c t u a l l y   i r r i g a t e d .  
Th i s   cons t i t u t e s   t he   p ro j ec t ed  water withdrawal   for   golf   course 
i r r i g a t i o n   ( T a b l e   4 1 ) .  

7 .   Al though  soi l   types   vary  throughout   the  basin,   average 
consumption on golf   courses  is assumed t o  be  75 percent   of  
withdrawals (GLBC, App. 15) .   This   factor  was appl ied   to   es t imate  
consumptive water use  (Table  41).  

Water requi red   for   use  on pub l i c   l ands   cons t i t u t e s  a s m a l l  
p r o p o r t i o n   o f   t h e   t o t a l   i r r i g a t i o n  water requirements.   This 
inc ludes  water used in   na t iona l   pa rks  and f o r e s t s ,  and l ands  
adminis tered by the  Bureau  of Land Management for   t imberland and 
w a t e r s h e d   i r r i g a t i o n ,  human and a n i m a l   u s e ,   f i r e   p r o t e c t i o n ,  and 
r e c r e a t i o n a l  and m i n i n g   a c t i v i t i e s .  

Estimates of annual and monthly  withdrawal and consumptive 
water use   in   Nat iona l   Parks   for   1975 were obtained  f rom  exis t ing 
meter records   and/or   the   Publ ic   Heal th   Serv ice ' s  1962 pub l i ca t ion  
Manual of   Individual  Water Supply  Systems and p a r k   v i s i t a t i o n  
records .  Water use  for  1985  and  2000 was assumed t o   i n c r e a s e  
d i r e c t l y   w i t h   t h e  OBERS SERIES E Ser ies   populat ion  project ions  and 
capac i ty   l eve l s   fo r   i nd iv idua l   pa rks   (78 ) .  

1975 estimates of water r e q u i r e m e n t s   f o r   n a t i o n a l   f o r e s t s  were 
o b t a i n e d   d i r e c t l y  from past da ta   records   o r   wi th   es t imated  
c o e f f i c i e n t s  of water use  per  acre  where  data was unavai lab le .  
Water u s e   c a t e g o r i e s   i n c l u d e d   i n   t h i s   a n a l y s i s  were domest ic ,  
recrea t ion ,   s tockwater ,  and i r r i g a t i o n ,  w i l d l i f e ,  i n d u s t r i a l   a n d  
f i s h e r i e s   s u p p l i e s .  

The following  assumptions were made to   genera te   the  
c o e f f i c i e n t s :   1 )  water use rates w i l l  r emain   cons tan t   in   the   fu ture ,  
2) r e c r e a t i o n  and l i v e s t o c k   a c t i v i t y  w i l l  i n c r e a s e   i n   t h e   f u t u r e ,  3) 
requirements are based on compliance  with s ta te  wa te r   qua l i t y  
s t anda rds ,  4 )  ground water use w i l l  cont inue  to  increase, 5)  energy 
production on f o r e s t l a n d s  w i l l  remain  constant  over  t ime. 

P ro jec t ions  of water u s e   i n   t h e   n a t i o n a l   f o r e s t s   f o r  1985  and 
2000 were based on OBERS SERIES E popula t ion   pro jec t ions .  The 
f i g u r e s  were derived  from  this  information  by  judgemental  
e x t r a p o l a t i o n   o f   h i s t o r i c a l  demand and p a s t  uses based on expected 
admin i s t r a t ive  and resource management p lans .  They are about   s ix  
p e r c e n t   o f   t h e   i r r i g a t i o n   s e c t o r .  
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TABLE 41 U.S.: GOLF COURSE IRRIGATION WATER USE ( c f s )  

Withdrawal 

1970 

2 

31 

1 

54 

9 

97 

1975  1980  1985  1990  1995  2000  2005  2010  2015  2020  2025  2030  2035 

3 3 3 3 4 4 4 4 4 4 4 4 4 

37 43 49 55 61 66 71 76 80 85 90 94 99 

1 2 2 2 2 3 3 3 3 4 4 4 4 

56 57 58 60 61 62 65 68 71 74 77 80 83 

10 12 13 14 16 17 18 19 19 20 21 22 23 

107  117 125  134  144  152  161  170 177  187 196  204 213 

ConsumDt ion  

2 2 2 2 2 3 3 3 3 3 3 3 3 3 

23 28 33 37 41 45 50 53 57 60 64 67 71 74 

1 1 1 2 2 2 2 2 2 3 3 3 3 3 

40 42 43 44 45 46 46 49 51 53 55 58 60 62 

7 8 9 10 11 12 13 13 14 15 15 16 16 17 

73 81  88 95 101  108  114  120  127  134  140  147  153  159 



The f o r e c a s t s   f o r   a g r i c u l t u r a l ,   r e c r e a t i o n a l ,  and publ ic   l and  
i r r i g a t i o n  were sumned t o   o b t a i n   i r r i g a t i o n   t o t a l s .  

7.2 I r r i g a t i o n  Water Use : Canada 

Few d a t a  exis t  on i r r i g a t i o n  water u s e   i n   O n t a r i o .   S t a t i s t i c s  
Canada  comnenced publ ica t ion   of   i r r iga ted   acreages   in   1960,  and then 
only  on a 10-year time i n t e r v a l .  Using the  compound growth rate 
between  1960  and  1970,  the  1970  irrigated  acreages were updated  to 
1975 (about  110,000 acres). For all count ies   whol ly   o r   par t ly  
wi th in  the Great Lakes   bas in ,   for   which   i r r iga ted   acreages  were 
r e p o r t e d ,  it was assumed t h a t  100 percent   of   that   acreage was 
contained  within  the  basin.   Using an average   coef f ic ien t   o f  5.87 
inches of water per acre (80), the   land area was converted  to  water 
use. Consumption was taken a t  50 percent  of withdrawal  (39).  
I r r i g a t e d  areas were a l l o c a t e d  amongst l ake   bas ins  on t h e   b a s i s  of 
popu la t ion   d i s t r ibu t ion .   Th i s   p rocedure  is n o t   c o r r e c t   s t r i c t l y  
speaking,  but was adopted  in   the  absence  of   any better 
d i s t r i b u t i o n a l   d a t a .  A co r rec t   d i saggrega t ion  would involve a 
de ta i led   l and   use   survey  of t he   bas in .  Data on golf   course 
i r r i g a t i o n  was taken  from  Ontario MOE records  and the   Ontar io  
Golfers   Associat ion  (46) .  Golf courses  were a l loca ted   un ique ly  
among lake  basins   based on information  from  the same sources .  It 
was assumed t h a t  100 pe rcen t   o f   t h i s  water was consumed. 

F o r e c a s t i n g   i r r i g a t i o n  water use  involves  the same gene ra l  
problems  of  uncertainty as o t h e r   s e c t o r s   i n   t h i s   s t u d y .   I n   O n t a r i o ,  
the majo r   i r r i ga t ed   c rops   cons i s t  o f   tobacco ,   f ru i t s  and 
vegetab les .  With respec t   to  a l l  three  commodit ies ,   detai led 
forecas t ing   involves   ex tens ive   marke t   research  and modelling.  For 
example ,   in   dea l ing   wi th   tobacco ,  it is  suspec ted   t ha t   r ecen t   l i nks  
between  smoking  and  cancer,  with  subsequent  intensive  anti-smoking 
campaigns, w i l l  ove r   t he   l ong   run ,   l ead   t o   s ign i f i can t   dec l ines   i n  
tobacco  production. However, the   p roduct ion  of o t h e r   i r r i g a t e d  
crops may take   the   p lace   o f   tobacco   cu l ture .  Assuming tha t   such  a 
s u b s t i t u t i o n  w i l l  occur ,  and tha t   t he   g rowth   i n  demand f o r   i r r i g a t e d  
c rops  is re l a t ed   t o   popu la t ion   g rowth ,   i r r i ga t ion  water use i s  
pro jec ted  on the basis of the  medium populat ion scenario. 

For i r r i g a t i o n ,   t h e   l o w  water use estimates are based upon t h e  
assumption  of  developing 20 percent  less i r r i g a t i o n   l a n d   t h a n   t h e  
M L P  i n   each   o f   t he   fo recas t   yea r s .  The h igh  estimate inc ludes  20 
percent  more land  than the M L P .  The low p ro jec t ion   fo r   go l f   cou r se  
i r r iga t ion   i nco rpora t e s   t he   l ow  popu la t ion  estimate; the   h igh  
pro jec t ion   uses  a two percent  population  growth as i ts  b a s i s   ( i . e .  a 
faster rate of   golf   course  expansion  than  the  expected  populat ion 
growth). The consumptive  use rates are the  same as those  used  in  
the  MLP for   both  cropland and g o l f   c o u r s e   i r r i g a t i o n .  

For the h igh   c rop land   i r r iga t ion   fo recas t   (Tab le   42 ) ,  water use 
inc reases  a t  an  annual  growth rate of  1.9  percent  over  the  60-year 
forecas t   per iod .  The low forecas t   assumpt ion   y ie lds  a r e s u l t a n t  
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growth rate of 1.2 percent.   There is a simple linear r e l a t i o n s h i p ,  
t h e r e f o r e ,  between t h e   v a r i a t i o n   i n   i r r i g a t e d   l a n d  and water use ,  
t h a t  i s ,  a 20 percent   change  in   the amount o f   l and   i r r iga t ed  
produces a 20 percent   change  in  water use. The range  of water use 
fo r   go l f   cou r ses   r ep resen t s  rates of  increase  of 2.0 percent  and 1.4 
percent   respec t ive ly .  

8.1.1 U.S. Most L ike ly   P ro jec t ion  

The f igures   (Table   48)   represent ing   the   mos t   l ike ly   p ro jec t ions  
f o r  power withdrawals and consumptive  use were de r ived   i n   t he  
fo l lowing   s teps  : 

1. Tota l  power p lan t   capac i ty   wi th in   each   lake   bas in  was 
ca l cu la t ed  w i t h  information  provided by the  Great Lakes  Basin 
Commission  Framework Study,  the 1979 East Cent ra l  Area (EAR) and 
Mid America In t e rpoo l  Network (MAIN), coordinated  bulk e lectr ical  
s u p p l y   r e l i a b i l i t y   c o u n c i l   r e p o r t s ,  and t h e  1980  Atomic I n d u s t r i a l  
For um . 

The Framework Study  provided  the  base  generat ion  for  1970  and 
p lan ts   scheduled   for   cons t ruc t ion   th rough 1980. Data from the  
r e l i a b i l i t y   c o u n c i l  and  Atomic I n d u s t r i a l  Forum r e p o r t s  were used t o  
e l imina te   those   p lan ts   scheduled   or   a l ready  removed from s e r v i c e ,  
upda te   r epor t ed   p l an t   capac i t i e s ,  and  add those  plants   scheduled  for  
cons t ruc t ion  by  1989. 

2. Tota l   nuc lear  and  non-nuclear  plant  capacity  for  each ASA 
was com'bined t o   d e t e r m i n e   t o t a l  power genera t ion   wi th in   each   lake  
basin.   Information  about   types  of   plants  was obtained  from  the 
c i t e d   r e p o r t s .   T o t a l   f o s s i l   p l a n t   c a p a c i t y   i n  terms of  megawatts 
(MW) f o r   e a c h   l a k e   b a s i n  were mul t ip l ied   by  a cons tan t  4.15  and 
n u c l e a r   p l a n t   c a p a c i t i e s  were m u l t i p l i e d  by a f ac to r   o f  6.72 t o  
obtain  gigawatt   hours  (GW. h) genera t ion .  

P ro jec t ed   t o t a l   t he rma l  power gene ra t ion   i n   t he   r eg ion ,  
pe rcen tage   change   i n   t o t a l   gene ra t ion ,  and the   por t ion   expec ted   to  
be suppl ied  by  nuclear   plants  are shown in   Tab le  45. 

3 .  Relat ionships   between  nuclear  and f o s s i l   f u e l e d  power 
gene ra t ion  and water usage  with  both  once  through  and  closed  cycle 
cool ing  systems were calculated  by  data  averaging  (Table  43).   These 
water use rates were derived  from power and water use   da ta  and 
background  information  in  the Framework Study and  1978 Nat ional  
Assessment  Study. 

They r e f l ec t   1 )   nuc lea r   p l an t s   cu r ren t ly   r equ i r e   app rox ima te ly  
50 percent  more condenser water with  once  through  cool ing and 
approximately 1/3 more wi th   c losed   cyc le   cool ing   than   foss i l - fue led  
p l a n t s   o f   e q u a l   s i z e  and 2 )  the  conversion  from  once  through  to 
c l o s e d   c y c l e   c o o l i n g   r e s u l t s   i n  a 96 percent   decrease   in   wi thdrawals  
and a 130 t o  160 percent   increase  in   consumptive  use.  

F-9 3 



TABLE. 43 U.S . :  AVERAGE WATER USE RATES FOR FOSSIL AND NUCLEAR POWER PLANTS 

P lan t  Type Withdrawal Rate 
(c f  s/GWH) 

Once Closed 
Through  Cycle 

Consumptive Use Rate 
( cf s/ GWH) 

Once Closed 
Through  Cycle 

F o s s i l  1978 0081 .0021 0054 

Nuclear -2967 0108 0032 .007 3 

4 .  Water withdrawal and consumptive water use rates based  on 
the  mix  of f o s s i l   f u e l e d  and nuc lea r   p l an t s   an t i c ipa t ed   t o  2035 
(Table  4 5 )  and on the   p ro jec ted   percentage  of  once  through  and 
closed  cycle   cool ing  systems  (Table  44) were c a l c u l a t e d   f o r   f i v e  
year   increments   through  the  project ion  per iod.  

TABLE 44 U.S. : MIX OF COOLING SYSTEMS  ANTICIPATED BETWEEN 1975 AND 2035 

Year 
% 

Once t h r u  
% 

Closed  cycle 

1975 94.5  5.5 

1980  89 e 2  10.8 

1990 59 41 

2000  41  59 

20  20  24 76 

2035 18  82 

5. Power genera t ion  estimates f o r   n u c l e a r  and f o s s i l   f u e l e d  
p lan ts   wi th in   each   lake   bas in  were then  mult ipl ied  by  the 
appropr i a t e  water use f a c t o r s  and sumned to o b t a i n   t o t a l  water 
withdrawal and consumptive use p ro jec t ions   t o  2035. Although power 
growth rates i n   i n d i v i d u a l   l a k e   b a s i n s  may range  from 1.06 t o  8 . 8 6  
percent,   the  basin-wide  average  growth rate i n  power demand was 4.09 
percent  from 1975 t o  1980 and is  p ro jec t ed   t o  be 4.7 percent  from 
1980 t o  2000 based  on new and planned  construct ion.  Water 
withdrawals and consumptive  use are assumed t o   i n c r e a s e   i n   r e l a t i o n  
t o  a fou r   pe rcen t   annua l   i nc rease   i n  power demand through 2035 i n  
accordance   wi th   the   cur ren t   conserva t ion  estimates of power 
genera t ion   increases  made by  the power u t i l i t i e s .  

6 .  The propor t ion  of water obtained from lake   (Table  4 6 )  and 
non-lake  sources was estimated  from  Federal  Energy  Regulatory 
Comnission (FERC) p r o j e c t i o n s  of f u t u r e   p l a n t  sitings accord ing   to  
the   expec ted   loca t ion  of power markets and a v a i l a b i l i t y  of water 
supplies.   These  percentages were appl ied   to   the  MLP t o   ob ta in  water 
volume estimates from  each  source. 
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TABLE 45 U.S.: THERMAL ELECTRIC POWER  GENERATION,  PROJECTED 

CHANGE, AND NUCLEAR PORTION  OF  TOTAL (MLP) 

Tota l   Genera t ion  Change i n   T o t a l  
(Gigawatt  Hours) Genera t ion  ( X )  

1975  1985  2000 2035  1975-  1975-  1975- 
Lake Basin  1985 2000  2035 

Super ior  3 , 500 

Michigan 62 , 900 

Huron 12 , 190 

Erie 67 , 450 

O n t a r   i o  / 
S t .  Lawrence  16,360 

To t a1 162 , 400 

1975 

0 
24 
18 
6 
38 

To ta l  20 

- 

3,890  7,200 29 , 800 11 106  75 1 

100,210  198,430 754 , 000 59 2 15 1,099 

21 ,930  44,870  170,340 80 26 8 1,297 

86,870  160,110  608,130 29 137  802 

38 ,250 89,580 411,540 - 134 - 448 2,412 

251,150 500,200 1,973,820 55 2 08 1,115 

Nuclear   Port ion of To ta l  ( X )  

1985  2000  2035 

0 0 0 
41 46 46 
32  36 36 
13 16 16 
57 63  63 

34 39  39 

- - - 

TABLE  46 U. S .  : PERCENTAGE OF TOTAL  WATER  USED  FOR  POWER  GENERATION 
EXTRACTED FROM THE GREAT LAKES 

1975  1985  2000  2035 
Lake W C W C W C W C 

Supe r io r  82 82 86 86  86 86 88 86 

Mic h i   gan  80 84 83 86 85 87 86 88 

Huron 7 7 3  3 2 2 2 2 

Erie 62  62 72 75 81 85 85 90 

Ontar io  / 
S t .  Lawrence  80  85 88 91 95 96 98  98 

W (Withdrawals)  C (Consumptive  Use) F-9 5 



8.1.2 U.S. Alternative P ro jec t ions  

8.1.2.1 P r o j e c t i o n  2 

1. T h i s  p ro j ec t ion  i s  ex t r ac t ed  from the  GLBC Framework 
Study and was accomplished  by  the  Federal Power Comnission (FPC) 
using 1970 data   (18)   (Table   47) .  The power and water use 
p ro jec t ions   fo r   t he   pe r iod  from  1970 t o  1980 were obtained from t h e  
r e s p o n s i b l e   r e l i a b i l i t y   c o u n c i l s  by a procedure similar t o   t h a t  
desc r ibed   fo r   t he  NAS ( P r o j e c t i o n  3 ) .  Only t h a t  power gene ra t ion  
drawing  from  the water resources   wi th in   the  Great Lakes  basin was 
i n c l u d e d   i n   t h i s   a n a l y s i s .  

P ro jec t ions   o f   fu tu re  power requirements  through 2020 were 
made by reg iona l   advisory   corn i t tees   appoin ted   to  assist the  FPC i n  
updat ing  the  Nat ional  Power Survey. The c o r n i t t e e s   r e l i e d   p r i m a r i l y  
on ex t r apo la t ed   p ro j ec t ions  made by the  major  u t i l i t i e s  i n   t h e  
r eg ion ,  and OBERS SERIES C p ro jec t ions  of populat ion and  economic 
growth (18) 

2. Another s ign i f icant   assumpt ion  made by t h e  Framework 
Study was t h a t   f o s s i l   f u e l e d   p l a n t s  would be phased o u t  a t  the  end 
o f   t h e i r   u s e f u l   l i f e  and tha t   nuc lea r   p l an t s  would supply 98 percent  
of  energy  needs  by 2020. Greater e f f i c i e n c y  and the  use of less 
condenser water by the   nuc lea r   p l an t s  was expected  to  be achieved  by 
1980 

3.  Pro jec t ions  of water withdrawals and consumptive  use 
for   the   per iod  from 2020 t o  2035 were der ived by the a p p l i c a t i o n  of  
a 5.25 percent  annual rate of power growth   tha t  was assumed by  the 
FPC fo r   t he   pe r iod   p r io r   t o  2020. 

8.1.2.2 P ro jec t ion  3 

1. Collect ion  of  power d a t a   t o  be used as input   to   the  
Great Lakes  portion of t h i s   t h e  NAS pro jec t ion   (Tables  47 and 48) 
was directed  by  the  Chicago  Regional  Office  of  the  Federal  Energy 
Regulatory  Comnission. The bulk  of the   p resent  and pro jec ted  power 
gene ra t ion   da t a  was suppl ied   to   the  FEN o f f i c e   b y   t h e   s i x  electric 
r e l i a b i l i t y   c o u n c i l s   i n c l u d i n g   t h e  Mid-American In t e rpoo l  Network, 
t he  East Cent ra l  Area Rel iabi l i ty   Coordinat ion  Agreement ,   the  
Northeast  Power Coordinat ing  Counci l ,   the  New York Power Pool ,   the  
Mid-Atlantic Area Coordination  Group, and the  Mid-Continent 
Re l i ab i l i t y   Coord ina t ion  Agreement whose networks  include  port ions 
of  but do not   coincide  with  the  boundaries   of   the  Great Lakes 
basin.   These  councils are respons ib le  f o r  overseeing the electr ic  
power u t i l i t i e s   f a c i l i t i e s   e x p a n s i o n  and r a t e - s e t t i n g   a c t i v i t i e s   ( 6 5 ) .  

2. Current  and pro jec ted  power c a p a c i t y   f i g u r e s   f o r  the 
period  from  1975  through  1995 were o b t a i n e d   d i r e c t l y  from  the 
u t i l i t i e s   f o r e c a s t s .   P r o j e c t i o n s   o f  power demands were based  on 
cons ide ra t ions  of expected  demographic  changes, area economic 
changes ,   i nc reased   e l ec t r i c  rates, e f f e c t s  of  energy  conservation 
e f f o r t s ,   t h e   s u b s t i t u t i o n   o f   e l e c t r i c i t y   f o r  scarce f o s s i l   f u e l s ,  
scheduled  load  changes,   load  saturat ion areas, and o the r   f ac to r s .  
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TABLE 47 U.S.: THERMAL ELECTRIC POWER GENERATION,  PROJECTED 
CHANGE. AND NUCLEAR  PORTION OF TOTAL  FOR PROJECTION 3 (NASI 

To ta l   Gene ra t ion  
(Gigawatt  Hours) 

Lake 1975  1985  2000 

Super ior  3,334  3,761  36,655 

Michigan 85,995  141,286  308,756 

Huron 5,650  9,836  36,126 

Erie 70,674  147,850  316,305 

Ontar i o  / 
S t .  Lawrence 16,948  35,579  123,480 

182,600  338,310  821,322 

Change i n   T o t a l  
Genera t ion  ( X )  Nuclear   Por t ion  
1975-  1975- of T o t a l  ( X )  
1985  2000  1975  1985  2000 

13 99  9 0 0 94 

- 

64 2 59  32 64  83 

74  539 0 0 78 

109 3 48 0 48 68 

110 62 9 37 47 73 
- - - - - 

85 35 0 17 53 76 
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Demand wi th in  a s p e c i f i c  area is unl ike ly   to   match   genera t ion   in  
t h a t  same area. The u t i l i t i e s   a l s o   p r o v i d e d   a n n u a l  estimates of 
water withdrawals ,   re turn  f lows,   types  of  power p l a n t s   i n   o p e r a t i o n  
and rates of water consumption  for  the  period  from  1975  to  1990  to 
t h e   r e l i a b i l i t y   c o u n c i l s   ( 6 5 ) .  The water demand f o r e c a s t s  were 
ob ta ined   by   ex t r apo la t ion   o f   t he   h i s to r i ca l   t r ends   o f   each  power 
market area (PSA) us ing   regress ion  and c o r r e l a t i o n   a n a l y s i s ,  The 
e x t r a p o l a t i o n s  were adjus ted   to   re f lec t   scheduled   major   load  
c h a n g e s ,   e f f e c t s  of energy  conservat ion,  and pol lut ion  abatement  
requirements.  

3. The information  suppl ied  by  the  counci ls   covered 
power and water needs   fo r  80 percent  of t he  Great Lakes  region;  the 
FERC o f f i ce   p repa red  estimates for   the  remaining 20 percent .   This  
was accomplished  by  extrapolat ion  of   the  counci l   f igures   to  100 
percent  of es t imated  populat ion and indus t r i a l   needs .   Popu la t ion  
and i n d u s t r i a l   u s e   f o r e c a s t s  and loca t ion   of   u rban  and i n d u s t r i a l  
c e n t e r s  were used t o   d e r i v e  a b e s t  estimate of t h e   d i s t r i b u t i o n  of 
t he   an t i c ipa t ed  power and water demands. 

4. FERC used the  OBERS SERIES E populat ion and  economic 
growth  project ions  to   extend  the  1985  project ions of power and water 
use  to  2000. Ant ic ipa ted   increase   in   use  of e l e c t r i c i t y   i n   t h e  
to t a l   ene rgy   p i c tu re  was f ac to red   i n to   t he   p ro j ec t ion .  

5. Pro jec t ions  of water withdrawals and consumptive  use 
for  the  period  from 2000 t o  2035 were der ived  by applying a four  
percent  annual power growth rate as compared to   t he  6.2 percent  
growth rate used  from  1975 t o  2000. This  method assumes achievement 
of a s t eady  state condi t ion   for   wi thdrawals  and consumptive use due 
to   the   ins t i tu t ion   o f   c losed   cyc le   sys tems.   Accord ing   to   the  FERC, 
most u t i l i t i e s  are now u t i l i z ing   p ro j ec t ed   annua l   g rowth  between 
th ree  and f ive   percent   (53) .  

The NAS power and water demand estimates and p ro jec t ions  
(Tables  47 and 48) d i f f e r   s i g n i f i c a n t l y  from  those  in  the M U  
(Table  45). The NAS used d a t a  f r o m   t h e   r e l i a b i l i t y   c o u n c i l s   t h a t  
i n c l u d e s   t h e   e n t i r e  Great Lakes  region and t h e i r   f o r e c a s t s   w i t h i n  
t h e  Great Lakes b a s i n   r e f l e c t  power demand ra ther   than  power 
generation.  These two terms must be maintained  in   proper  
perspec t ive .  Demand i n   t h e  NAS pro jec t ions  w i l l  be s a t i s f i e d  by 
gene ra t ion  somewhere wi th in   the   reg ion .  The c r i t i ca l  d i f f e r e n c e  i s  
tha t   th i s   consumpt ive   use   s tudy  is concerned  only  with water u s e   i n  
the  Great Lakes  basin and water use   i n   t h i s   suba rea  of t he  Great 
Lakes region  does  not  equate  with  energy demand. The NAS 
pro jec t ions   i n   Tab le  47 r e f l e c t   t h e   e n e r g y  demands in   the Great 
Lakes  basin. The nuc lea r   po r t ion   i n  Lake Superior,   for  example,  
w i l l  be obtained  from a source   ou t s ide   t he  Great Lakes  drainage 
bas in .   Table   45 ,   in   cont ras t   to   Table   47 ,   re f lec ts   on ly   the  
a n t i c i p a t e d  power gene ra t ion  and consequently  the water use   wi th in  
t h e   d r a i n a g e   b a s i n .   D i f f e r e n c e s   i n   t h e   t o t a l s  are t h e   a n t i c i p a t e d  
energy demands w i t h i n   t h e   b a s i n   t h a t  w i l l  be s a t i s f i e d  by a power 
p lan t  somewhere else i n   t h e   r e g i o n .  
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8.1.2.3 P r o j e c t i o n  4 

This   p ro jec t ion   (Table   48)   uses   the  same assumptions  and 
data   base as desc r ibed   i n   t he  MLP t o  2000. The same assumptions 
concerning mix of power p l a n t s  and cooling  systems are then   appl ied  
to an assumed  annual power generat ion  growth rate of f ive   pe rcen t .  
T h i s   p r o j e c t i o n ,  as s u c h ,   r e p r e s e n t s  a h igh  estimate of   projected 
water consumption. 

8 .1 .2 .4   Project ion 5 

This   project ion  (Table   48)   uses   the same assumptions  and 
da ta   base  as desc r ibed   i n  the M L P  t o  2000. The same assumptions 
concerning mix of power p l a n t s  and cooling  systems are then   appl ied  
to  an assumed  annual power growth rate of   three  percent .  It then 
r e p r e s e n t s  a low estimate of   projected water consumption. 

8.1.2.5 P r o j e c t i o n  6 

These water withdrawal  and  consumptive  use  projections 
(Table  48) are based on the  assumption  that  power companies  could 
j u s t i f y   v a r i a n c e s  f rom  the  current  w a s t e  heat mandates  of  the  Clean 
Water Act. The primary  assumption is  that  f low-through  technology 
ra ther   than   c losed   cyc le   cool ing  w i l l  be used a t  t h o s e   e x i s t i n g  
p l a n t s   t h a t  have  not  incorporated  closed  cycle and a t  p ro jec t ed  
p l a n t s .  Remainder  of the  assumptions  concerning mix  of power p l a n t s  
are those   used   to   der ive   the  MW. The r e l i a n c e  on flow-through 
systems is e x p r e s s e d   i n   l a r g e   i n c r e a s e s   i n  water withdrawals  with 
r e l a t i v e l y  l i t t l e  increase  in   consumptive  use.  

1. Regional power g e n e r a t i o n   p r o j e c t i o n s   f o r   n u c l e a r  and 
f o s s i l - f u e l e d   p l a n t s  were m u l t i p l i e d  by the  1975  average  withdrawal 
water use rate of  0.2061  cfs/GW.  h. 

This  average rate r e f l e c t s   t h e  80 pe rcen t   fo s s i l -20  
percent   nuc lear   mix   o f   p lan ts  and the  95 percent  once  through-five 
percent   c losed   cyc le  mix of cool ing   techniques   in   ex is tence   in  
1975.  This rate d i f f e r s  from t h a t   i n   t h e  MLP i n   t h a t   t h e  MLP rate 
decreases   incrementa l ly   th rough  the   p ro jec t ion   per iod .  

2. Regional power gene ra t ion   p ro j ec t ions   fo r   nuc lea r  and 
f o s s i l   f u e l e d   p l a n t s  were m u l t i p l i e d  by the  1975  average  consumptive 
use rate of  0.0026 cfs/GW.  h to   de r ive   t o t a l   consumpt ive   u se .  

This rate reflects  the  predominant  use  of  f low-through 
technology. The e x c e p t i o n s   t o   t h i s   p r a c t i c e  are t h o s e   p l a n t s   i n  
exis tence  in   1975  where  cool ing  towers   have  been  instal led  to  
minimize  environmental impacts. Water use   by   in land   p lan ts   in  
e x i s t e n c e   i n  1975 is ref lected  in   the  1975  average  consumptive 
rate. The consumptive use rate d i f f e r s  from t h a t   i n   t h e  MW i n   t h a t  
the MLP rate increases   incrementa l ly   th rough  the   p ro jec t ion   per iod .  

F-9 9 



1975 

1980 

1985 

1990 

1995 

2000 

2005 

20 10 

201  5 

2020 

2025 

8 2030 

2035 

c 

TABLE 48 U.S.: POWER GENERATION WATER USE  PROJECTIONS ( c f s )  

Most Like ly  
Pro j ec t i o n   P r o j e c t i o n  2 
W 

3347 0 

36630 

39930 

42370 

44730 

48 170 

51730 

55900 

60990 

67180 

7441 0 

83230 

94740 

C 

42 0 

6 00 
83 0 

1170 

1630 

2250 

28 00 

3550 

4500 

55  90 

6930 

8440 

10460 

W 

25510 

24350 

20760 

17180 

13590 

100 10 

887 0 

7740 

6610 

54  70 

71  20 

9  250 

12030 

C 

39 0 

5  20 

88 0 

1230 

1580 

1940 

2500 

3060 

3620 

4180 

5440 

7080 

92 20 

P r o j e c t i o n  3 
W 

37700 

364  10 

351  10 

31730 

28350 

24850 

30230 

36780 

44750 

54450 

66250 

80610 

98070 

C 

27 0 

530 

77 0 

1210 

1640 

2140 

26 00 

3170 

3860 

46  90 

5710 

6940 

8450 

Pro j ec t i o n  4 
W 

33470 

36630 

39930 

42370 

44730 

48 170 

54260 

6  1520 

70400 

8 1360 

94520 

110900 

132440 

C 

42 0 

6 00 

83 0 

1170 

1630 

2250 

2940 

39  10 

52 00 

67 70 

8810 

11240 

14620 

P r o j e c t i o n  5 
W 

33470 

36630 

39930 

42370 

44730 

48  170 

49 290 

50750 

52 7  60 

55380 

58440 

62280 

67560 

C 

42 0 

6 00 

83 0 

1170 

16 30 

2250 

2670 

32 30 

3900 

46 10 

54 50 

63 10 

7460 

Pro j ec t i o n  6 
W 

33470 

41140 

51 760 

65130 

81940 

103090 

125420 

152600 

185660 

225880 

274820 

334360 

406800 

C 

420 

5 30 

650 

8  20 

1030 

1300 

1580 

1920 

2340 

2850 

3470 

4220 

51 30 

W (Withdrawals) 

C (Consumptive Use) 
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8.2 Power Generation Water  Use : Canada 

Thermal power g e n e r a t i o n ,   t h e   l a r g e s t  water use r   i n   t he  
Canadian  basin,  i s  an   ex t remely   impor tan t   sec tor   o f   the   Ontar io  
economy. I ts  output  is  a v i t a l   f o u n d a t i o n   f o r  a l l  socio-economic 
a c t i v i t i e s   i n   t h e   p r o v i n c e .  The t o t a l   i n s t a l l e d   c a p a c i t y   o f  a l l  
power p roduc t ion   p l an t s   i n   t he   p rov ince  was 18,300 megawatts (MW) i n  
1975 (47) .  Thermal power p r o d u c t i o n   f a c i l i t i e s   a c c o u n t e d   f o r  63 
p e r c e n t   o f   t h i s   t o t a l   c a p a c i t y ;  a l l  of t h e s e   f a c i l i t i e s  are loca ted  
wi th in   the  Great Lakes  basin. Of the  11,000 MW of i n s t a l l e d   t h e r m a l  
power gene ra t ing   capac i ty ,  79 percent  is accounted  for  by 
convent ional   coal  and o i l   f i r e d   p l a n t s ,  21 percent   by   nuc lear   p lan ts  
and a n e g l i g i b l e  amount  by o ther   p lan t   types   such  as gas   t u rb ine  
ope ra t ions .  

8.2.1 Assumptions  for MLP Pro jec t ions  

The e n e r g y   f o r e c a s t s   i n   t h i s   s e c t i o n  are taken  from  several  
sou rces ,  and tend  to  be chosen  on  the  conservat ive  s ide  of   current  
p red ic t ions .  A s  i n   o t h e r   s e c t o r s ,  many assumptions  underlie  the MLP 
pro jec t ions   for   thermal  power genera t ion .  The main  ones are t h a t  
a l l  thermal   p lan ts  w i l l  employ  once-through  cooling  systems,  and 
t h a t  no s u b s t a n t i a l   c u r t a i l m e n t s  w i l l  be forced  by  environmental  
cons ide ra t ions .  Some of  these  assumptions w i l l  be a l t e r e d   i n   o r d e r  
t o   o b t a i n  a range   of   p ro jec t ions ,  

8.2.2  Methodology 

Since  the  methodology  used i n  making the  thermal  water use 
f o r e c a s t s   d i f f e r   c o m p l e t e l y  from the  methodology  used i n   o t h e r  
i n d u s t r i a l   s e c t o r s ,  it i s  necessary   to   descr ibe   the   p rocedures  
used.  Assistance was provided  by  the  provincial  power u t i l i t y ,  
Ontar io  Hydro in   deve loping   th i s   methodology ( 3 6 ) .  Throughout t h i s  
sec t ion ,   on ly   the   Ontar io  Hydro system is cons idered ,   s ince   minor  
i n d u s t r i a l  power producers were inc luded   in   the   manufac tur ing  water 
uses. Also t h e   f o r e c a s t s  are made assuming  the  non-conventional 
sources  (e.g. s o l a r  power) w i l l  cont r ibu te   under  10 percent  of needs 
by 2035. 

Forecast ing water use  for   thermal  power production must occur  
wi th   t he  framework  of  overall power sys tem  p lanning   (52) .   In   th i s  
planning  process,   the  emerging demands are q u a n t i f i e d ,   t h e  amount  of 
power r equ i r ed   t o  meet them is c a l c u l a t e d ,  and t h e   e x i s t i n g  power 
network i s  expanded  accordingly. However, since the  normal 
corpora te   p lanning   process   ex tends  a t  most t o  25 y e a r s   i n   t h e  
f u t u r e ,   o f f i c i a l   p r o j e c t i o n s   o f   e n e r g y  demands,  peak  loads, etc. ,  
are a v a i l a b l e  o n l y  f o r   t h e   f i r s t   p a r t  of the  s tudy  per iod.  Also ,  
f i rm  p lanning   (ca l led  a "committed  expansion  program"  by  Ontario 
Hydro) f o r   f u t u r e   f a c i l i t y   l o c a t i o n  is  a v a i l a b l e   o n l y   t o  1990. 
Thus,  the  methodology  adopted had to   a l low  fo r   t he   l ong  time frame 
of t h i s   s t u d y  and the   l ack   of  a c o m i t t e d   g e n e r a t i o n  program p a s t  
1990. A s  i n   o t h e r   s e c t o r s ,  a MLP and a number o f   a l t e r n a t i v e s  were 
constructed. 
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A forecast   of   peak  energy demands made by  Ontario Hydro (Table 
SO), p rov ided   t he   s t a r t i ng   po in t   fo r   t he   p ro j ec t ion   o f  water use 
(47) .  The agency  allows a t  l eas t  a 25 percent   excess  of i n s t a l l e d  
generating  capacity  over  the  peak demands. Thus,   for  each  f ive-year 
per iod  beginning  in   1975,  the in s t a l l ed   gene ra t ion   r equ i r emen t s  
could be ca l cu la t ed  up t o  2005. Af t e r  2005, t h e   i n s t a l l e d  
generat ing  requirements  were extended  by  extrapolat ion  on  the  basis  
of four  percent  annual  growth.  This  process  provided a M L P  of t h e  
capac i ty  which w i l l  be requi red   in   the   sys tem.  For the  
a l t e r n a t i v e s ,   g r o w t h  rates in  the  peak  energy demands  and thus   the  
in s t a l l ed   gene ra t ing   r equ i r emen t s  were taken a t  f i v e ,   f o u r  and t h r e e  
percent  annual  growth rates to   provide  high,  medium and  low 
estimates, r e spec t ive ly .  

With t h e   r e q u i r e d   c a p a c i t i e s   i n   p l a c e ,   t h e   g e n e r a t i n g  
f a c i l i t i e s  were broken down i n t o   h y d r a u l i c ,   f o s s i l  and nuc lear  
types .  For the  years   to   1990,   Ontar io  Hydro has a committed 
expansion  program  (Table  49),  making i t  r e l a t i v e l y   s i m p l e  to  expand 
the   cur ren t   sys tem.  For 1990 to   2000,   the  agency  has   an  unoff ic ia l  
and comple t e ly   t en t a t ive  program. Past tha t   year ,   the   excess   o f  
i n s t a l l ed   gene ra t ing   r equ i r emen t s   ove r   t he   capac i ty   o f   t he   sys t em  in  
2000 was div ided  65 percent  nuclear  and 35 p e r c e n t   f o s s i l   g e n e r a t i n g  
p l a n t s ,   w i t h  no expansion  seen  for  the  hydraulic  system. For the  
medium and  low a l t e r n a t i v e s   t h i s   s p l i t  was taken a t  85  percent 
nuclear  and 15 p e r c e n t   f o s s i l .  

With the   b road   ou t l ines   o f   the   sys tem  in   p lace ,  it was 
necessary  then  to   determine  the  energy  product ion from t h e  
hydraul ic ,   nuc lear  and f o s s i l   f u e l   p l a n t s .   T h i s   i n v o l v e s   t h e   u s e  of 
a p l a n t  load f a c t o r  ,which quant i f ies   the   percentage   o f  time dur ing  a 
yea r   i n  which a p l a n t   o p e r a t e s .  For t h i s   s t u d y ,  system-wide 
averages were adopted,  based upon cur ren t   exper ience  and  informed 
guesswork. For the   hydrau l i c   p l an t s ,   cu r ren t ly   38 ,384  
gigawatt-hours (GW.h) are produced  by  an i n s t a l l e d   c a p a c i t y  of 6,156 
megawatts (MW). This   y ie lds  a p l an t   l oad   f ac to r  of 70 pe rcen t ,  
which was assumed to  apply  throughout  the  study. The p l an t   l oad  
f a c t o r  (PLF) fo r   nuc lea r   p l an t s  was assumed a t  75 pe rcen t ,   w i th   t he  
PLF f o r   f o s s i l   f u e l   f i r e d   p l a n t s   v a r y i n g   t o  meet the  remainder  of 
the  energy demand.  For the  energy demand p r o j e c t i o n s ,  MI2 f i g u r e s  
were provided  by  Ontar io   Hydro,   while   the  a l ternat ives   used  f ive,  
fou r  and three  percent   growth rates in   l i ne   w i th   t he   peak  demand 
scenarios   out l ined  above.  

Once the   ac tua l   ene rgy   p roduc t ion   fo r   each   t ype   o f   p l an t  was 
c a l c u l a t e d ,  water withdrawals and consumption were ca lcu la ted   us ing  
c o n s t a n t   c o e f f i c i e n t s .  For nuc lear   p lan ts   wi thdrawals   average  two 
c f s  per  megawat t ,   which   t rans la tes   to  45 gal lons  per   ki lowatt-hour  
(KW. h)  of energy  product ion.  The co r re spond ing   f i gu res   fo r   fo s s i l  
f u e l e d   p l a n t s  are 1.2 c f s  and 27 ga l lons   per  KW.h. For both   types  
of  plant,   consumption was taken a t  0.75  percent  of  withdrawal  (58). 

The loca t ion   o f   fu tu re   t he rma l   s t a t ions  is a complex func t ion  
o f   s e v e r a l   v a r i a b l e s ,  among them t h e   a v a i l a b i l i t y  of water s u p p l i e s ,  
the   p roximi ty   to   marke ts  and the   l oca t ion   o f   t r ansmiss ion   l i nes .  It 
i s  be l i eved   t ha t  most s t a t i o n s   i n   t h e   f u t u r e  w i l l  be located  around 

F- 104 



TABLE 49 CANADA:  ONTARIO HYDRO GENERATION EXPANSION PLAN, 1980 - 2000 

I n  Place by the  
End o f :  

1980 

1985 

1990 

2000 

F a c i l i t y  Name Capacity (IN) - Type 

Lennox 
Nanticoke 

P icker ing  B ( 4  u n i t s )  
Bruce B ( 2   u n i t s )  

1 ,732  coal  
1 ,593  coal  

2,064  nuclear 
3,024  nuclear 

Darling  ton  3,524  nuclear 

unspecif ied  hydraul ic   1 ,100 
unspecif ied  nuclear   11,450 
unspec i f i ed   fo s s i l   2 ,750  

NOTE: The last  en t r ies   cons t i tu te   an   uncomni t ted   expans ion  by Ontario  Hydro, are 
based on p r e l i m i n a r y   a n a l y s i s ,  and are s u b j e c t   t o   c h a n g e s   i n   l i n e   w i t h  
emerging demand condi t ions.   Their   adopt ion was based upon judgement  by Tate 
(58 ) ,   no t  upon any  urging  by  Ontario Hydro o f f i c i a l s .  
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t h e  Great Lakes, and for   the   per iod   to  2000 t h e r e  i s  some idea  as to  
the   p rec i se   l oca t ion .   Af t e r  2000 it is  assumed t h a t  95 percent  of 
t h e   i n s t a l l e d   c a p a c i t y ,  and accord ingly  95 percent  of t he  water use ,  
w i l l  be i n   t he   bas in .  Known s t a t i o n s  and t h e i r  water uses were 
a l l o c a t e d   e a s i l y  among t h e   l a k e   b a s i n s .  After 2000,  however,  the 
d i s t r i b u t i o n   o f   c a p a c i t y  was determined  judgementally on the   bas i s  
of   pas t   loca t ion   dec is ions  and t h e   f u t u r e   d i s t r i b u t i o n  of populat ion 
and i n d u s t r i a l   a c t i v i t y .  

8.2.3 MU Power Production and Water use 

Peak demands on the   Ontar io  Hydro sys tem  to ta l led   13 ,500  MW 
during  1975  (Table  50),   giving a r e q u i r e d   i n s t a l l e d   g e n e r a t i n g  
capacity  of  16,875 MW. According  to  Ontario Hydro da ta   (551 ,   the  
t o t a l   c a p a c i t y  of the  system was 17,320 MW (exc luding   purchases) ,  
r e s u l t i n g   i n  a substant ia l   over-capaci ty .   According  to  Hydro 
o f f i c i a l s ,   t h i s   o v e r - c a p a c i t y   r e s u l t e d  from e f f o r t s   t o   m a i n t a i n   a n  
absolu te ly   secure  power supply,   from  the need t o  meet U.S. demands, 
and o ther   reasons ,  The over-capaci ty  i s  expected  to be reduced 
g radua l ly  between now and the   tu rn   o f   the   cen tury ,  and i n s t a l l e d  
g e n e r a t i n g   c a p a c i t y   a f t e r  2000 w i l l  be 25 p e r c e n t   i n  excess of peak 
demands (36) .   After  2000, f o r   t h e  MLP, peak  demands are p ro jec t ed  
a t  four   percent .  By 2035,  they w i l l  be 164,524 MW, y ie ld ing  a 
r equ i r emen t   fo r   i n s t a l l ed   gene ra t ing   capac i ty   o f   205 ,655  MW. The 
expansions  in   peak demand and r e q u i r e d   i n s t a l l e d   g e n e r a t i n g   c a p a c i t y  
r ep resen t  4.26 percent  annual  growth rates o v e r   t h e   e n t i r e  time 
period . 

In 1975 the   hydraul ic   genera t ing   capac i ty  was 6,156 MW, 36 
percent   o f   the   sys tem's   to ta l   genera t ing   capac i ty .   Foss i l   fue led  
p lan ts   accounted   for   an   addi t iona l   8 ,825  MW (51   pe rcen t ) ,  and 
nuclear   plants   the  remainder .  The expansion  program  of  Ontario 
Hydro, c o m i t t e d   t o  1990  and u n c o m i t t e d   t o  2000 (Table   49) ,  i s  
b u i l t   i n t o   t h e   c a p a c i t y   f i g u r e s  of  Table 50. This  expansion  program 
d i s p l a y s  a growing  re l iance on nuclear  power,   this  form  of 
genera t ion   provid ing  48 p e r c e n t   o f   t o t a l   i n s t a l l e d   g e n e r a t i n g  
capac i ty  by  2000, and 61 percent  by 2035. H y d r a u l i c   f a c i l i t i e s  w i l l  
expand a mere 1,100 MM by 2000 and not  a t   a l l  a f t e r   t h a t   d a t e   u n d e r  
the  MLP assumptions.  After 2000 t h e   s p l i t  between add i t ions   t o  
nuc lear   capac i ty  and a d d t t i o n s   t o   f o s s i l   f u e l e d   c a p a c i t y  was taken 
a t  65:35, as confirmed  by  Ontario Hydro o f f i c i a l s .  

With  regard  to  energy  production,  the  system met a demand of 
81,503 GW.h i n  1975,  broken down amongst t h e   v a r i o u s   p l a n t   t y p e s   i n  
accordance   wi th   the   load   fac tors   g iven   ear l ie r .  By 2035, t h e   t o t a l  
energy demand is p ro jec t ed   t o  be 1,069,209 GW. h ,  a 4.4 percent  rate 
of  annual  increase. The t o t a l   e n e r g y  demand inc ludes  a ne t   expor t  
of  3,000 GW. h per  year  throughout  the time period.  The va r ious  
g e n e r a t i n g   f a c i l i t i e s  w i l l  be used t o  meet these  demands i n   t h e  way 
shown in   Tab le  50. 
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TABLE 50 CANADA: MLP WATER USE, PEAK DEMAND, REQUIRED INSTALLED GENERATING CAPACITY AND ENERGY GENERATION 

Capacity  by  Generation Type Energy  Generation by Generat ion Type 
Year  Peak Demand Requi red   Ins ta l led  ( W  ( G n )  

(Mw) Generating  Capacity  Total   Hydraulic  Nuclear Fossil Required  Hydraulic  Nuclear Fossil 
~~ 

1975 13,500 16,875  17,320  6,156  2,284  8,825  81,503  38,384  11,859  31,260 

1985  21,176  26,470 28 ,593  6,156  10,272 12,165  126,959 38 ,000 67,487  21,472 

2000  41,693  52,116  52,116  7,265  25,246  19,605  243,572  39,500 165,900 38,172 

201 5 75,087  93,858  93,858  7,265  52,378  34,215  454,517  39,500  344,123  79,895 

2035  164,524  205,655  205,655  7,265  125,046  73,344  1,069,209  39,500 821,552 108,157 

Water  Withdrawal 

Nuclear Fossil  Tota l  

1975 2,715 3,881 6,600 
1985 15 ,409 2,941 18  ,350 
2000  36,260 5,006 41,270 
2015  70,819 9,864 80,680 
2035  182,717 14,433 197,150 

Water Consumption 

Nuclear Fossil Tota l  

20 
115 
27 1 
56 1 

1341 

30 
22 
37 
78 

204 

50 
137 
3  08 
63 9 

1544 



Water withdrawals i n  1975 a t  On ta r io   t he rma l   p l an t s   t o t a l l ed  
6,600 c f s  on the   bas i s   o f   the   coef f ic ien ts   g iven   in   Sec t ion   8 .2 .2 .  
This  amount i s  confirmed  by  the  responses  to  the  Environment Canada 
survey  of water use  for   thermal  power genera t ion .  By 2035, t h i s  
withdrawal rises to   197 ,150   c fs ,   an   increase  of 5.8 percent  per 
annum. The i n h e r e n t   s h i f t   t o   n u c l e a r  power p l a n t s ,  a l a r g e r  water 
u s e r   t h a n   f o s s i l   p l a n t s ,   i n   t h e  MU causes   the  water use  growth rate 
to  be 1.7 percent  per annum above the  growth  of power gene ra t ing  
capacity.  Taking  consumption  to be 0.75  percent  of  withdrawals,   the 
t o t a l  amount of water consumed by  thermal power p l a n t s   i n  1975 was 
50 cfs  and w i l l  increase   to   1 ,540   c fs   by  2035. 

The breakdown  of t o t a l  water use  by  lake  basin i s  g i v e n   i n  
Table  51.  This was done   by   loca t ing   each   ex is t ing  and  planned  plant 
by bas in  and d i s a g g r e g a t i n g   t o t a l  water u s e   i n   l i n e   w i t h   t h e  
capacities of   these   p lan ts .  After 1990, when t h e   p r e c i s e   l o c a t i o n  
o f   p l an t s  i s  unknown, constancy was assumed i n   t h e   l a k e   b a s i n  
proport ions.   Since water u s e   d i s t r i b u t i o n  amongst l ake   bas ins  w a s  
assumed cons t an t   fo r  a l l  s c e n a r i o s ,  similar t a b l e s   t o   T a b l e  51 ( i . e .  
f o r   t h e  M U )  have  not  been  developed. 

8.2.4 Al t e rna t ive  Water Use P r o j e c t i o n s   f o r  Canada 

A t o t a l  of s ix  a l t e r n a t i v e s   t o   t h e  MLP were prepared;   th ree  
deal ing  with  changes  in   the  growth rate and t h r e e   w i t h   d i f f e r e n t  
c o o l i n g   t e c h n o l o g i e s .   T h i s   s e c t i o n   s u m a r i z e s   t h e   r e s u l t s  of t hese  
s imula t ions ,   d i scuss ing  similarities and d i f f e r e n c e s  between  the 
a l t e r n a t i v e s ,   b u t   n o t   d e v e l o p i n g   e a c h   a l t e r n a t i v e   i n   d e t a i l  as was 
done f o r   t h e  M U .  

8.2.4.1. Economic  Growth 

The f i r s t   t h r e e   a l t e r n a t i v e s   ( T a b l e  52) concent ra te  on the  
e f f ec t s   o f   va ry ing   t he  demands for   energy,  and  on  subsequent  changes 
in   p roduc t ion   capac i t i e s .  A l l  these  scenarios   emphasize  nuclear  
power as the  dominant   future  means of power production. The h igh  
growth  scenario  uses  a growth rate of   f ive  percent   per  annum from 
1980 to   p ro jec t   peak  demands  and energy  demands,  while  the medium 
and low  growth  scenarios  use  four  percent and three  percent   growth 
rates. The difference  between  the M L P  and the  medium growth 
a l t e r n a t i v e  is  that   the   four   percent   growth rate is a p p l i e d   r i g h t  
from 1980 i n   t h e  l a t t e r ,  whereas  the  former  used  Ontario  Hydro's 
s l i gh t ly   h ighe r   g rowth  rate t o  2005. Also the  medium and  low growth 
a l t e r n a t i v e s   s p l i t   t h e   a d d i t i o n s   t o   c a p a c i t y   r e q u i r e d ,   o v e r  and 
above the comnitted and u n c o w i t t e d  program i n  a r a t i o  of  85  percent 
nuc lear   to  15 p e r c e n t   f o s s i l .  
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TABLE 51 CANADA: MU WATER USE FOR THERMAL POWER GENERATION, 
1975-2035. BY LAW BASIN ( C f S )  

Basin 

Lake  Superior 

Lake  Huron 

Lake Erie 

Lake  Ontario / 
S t .  Lawrence 

TOTALS 

Year 

1975 
1985 
2000 
2015 
2035 

1975 
1985 
2000 
2015 
2035 

197  5 
1985 
2000 
20 15 
2035 

1975 
1985 
2000 
2015 
2035 

- 

1975 
1985 
2000 
20 15 
2035 

Withdrawal 

40 
110 
880 

1,760 
4,350 

9 80 
4,760 

11,970 
23,020 
55,  ago 

1,010 
1,320 
4,170 
8,970 

22,680 

4,570 

24,250 
46,930 

114,230 

12,160 , 

6 , 600 
18,350 
41,270 
80,680 

197,150 

Consumption 

0 
0 

10 
10 
30 

10 
40 
90 

180 
440 

10 
10 
30 
80 

180 

40 
90 

180 
37 0 
890 

50 
140 
310 
640 

1,540 

~ ~~~~ 

F i g u r e s  may not   add  due  to   rounding.  
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TABLE 52 CANADA: PEAK DEMAND, REQUIRED INSTALLED  GENERATING  CAPACITY AND ENERGY  GENERATION  UNDER 

VARYING ECONOMIC ASSUMPTIONS 

Required  Instal led  Capaci ty   by  Generat ion  Type  Energy  Generat ion  by  Generat ion 

1975 

1985 

2000 

r 
I 20 15 
F 
P 
0 

2035 

All 

High 
Medium 
LOW 

High 
Medium 

LO w 

High 
Med ium 
LOW 

High 
Medium 

L O W  

13,500 

19,217 
18,319 
17,455 

39 ,950 
32,991 
27,194 

83,055 
59,416 
42,368 

220,369 
130,188 
76,521 

16,895 

24,021 
22,898 
21,819 

49,938 
41,240 
33,993 

103,818 
74,270 
52,960 

270,461 
162,735 
95,652 

17,320 

28,495 
26 ,983 
24,770 

49,913 
41,713 
34  ,462 

102,818 
74,240 
52,960 

270,461 
162,735 
95,652 

6,156 

6,484 
6,484 
6,484 

7 ,584 
7,584 
6,484 

7,584 
7,584 
7,584 

7,584 
7,584 
7,584 

2,284 

8,824 
7,312 
5,248 

25,310 
18,860 
13,560 

60,656 
46,052 
27,135 

169,317 
121,246 
63,655 

8,825 

13,187 
13,187 
13,038 

17,019 
15,269 
14,418 

35,578 
20,633 
17,970 

93,560 
33,904 
24,415 

81,503 

129,723 
126,444 
120,622 

269,686 
225,315 
186,251 

560,658 
403,378 
288,500 

1,487,591 
880,277 
518,644 

38,384 

35,000 
35 ,000 
35,000 

41 ,200 
41,200 
35 ,000 

41,200 
41 ,200 
41,200 

41 ,200 
41,200 
41 ,200 

11,859 

57,793 
48  ,039 
34,479 

166,287 
123,910 
89,089 

398,055 
302,561 
178,282 

1,112,412 
796,586 
418,206 

31,260 

39,130 
43,404 
51,143 

65,199 
60,205 
62,162 

121,402 
59,616 
69,018 

333,982 
42,491 
59,237 



The high  growth  scenario has the   highest   project ion  of  
power product ion and water use  (Table 53). Both water withdrawal 
and consumption  increase  by 6.6 p e r c e n t   i n   t h i s   p r o j e c t i o n .  The 
s h i f t   t o   n u c l e a r  power is apparent  here  because  the water use  growth 
rate is h i g k r  than  the  capaci ty   expansion rate.  The lowest  water 
uses  are conta ined   in   the  low  growth  scenario  with a capac i ty  
expansion rate of 3.0 percent  per annum (p .a , )  and a water use 
growth rate of 4.7 percent   p .a .  

8.2.4.2 Technological Change 

The  t echno log ica l   a l t e rna t ives   focus  upon changes   in   the  
type  of  cooling  system employed in   Ontar io   thermal   generat ing 
s t a t i o n s .  A l l  cur ren t   cool ing   sys tems are of  the  once  through 
type.  The medium t e c h n o l o g y   a l t e r n a t i v e  employs  cooling  ponds  on 
all new c a p a c i t y   i n s t a l l e d   i n   t h e   f u t u r e ,   r e - u s i n g  water from the  
cooling  ponds so t h a t   t h e   o n l y  water requi red  is t h a t   t o  make up 
what is  lo s t   t h rough   evapora t ion  and to   r ep lace  blow-down of water 
too  hard  for  subsequent  use.  The i n t e n s i v e   t e c h n o l o g y   a l t e r n a t i v e  
employs  cooling  towers  instead  of  cooling  ponds,   but the 
r e c i r c u l a t i o n   s p e c i f i c a t i o n s  are t h e  same as f o r   t h e  medium 
a l t e r n a t i v e .  It is  a l s o  assumed t h a t  a l l  cu r ren t   capac i ty  and i t s  
replacement w i l l  r e t a i n  a once-through  cooling  system.  These two 
a l  t e rna t ives ,   acco rd ing   t o   On ta r io  Hydro o f f i c i a l s ,  are only  remote 
p o s s i b i l i t i e s ,  as the  Great Lakes  system is cu r ren t ly   s een  as 
v i r u t a l l y  limitless source   o f  water. They are included  here  merely 
t o  show t h e   e f f e c t s  on  withdrawal  and  consumption i f   r e c i r c u l a t i n g  
systems  should be r equ i r ed   i n   t he   fu tu re ,   fo r   example ,   t o  limit 
possible  environmental  damages. 

The c a l c u l a t i o n  of water use i s  based upon previous work 
by the  Great Lakes  Basin  Conmission on thermal water use  (18) .   In  
o rde r   no t   t o   i nc lude   t he   e f f ec t s   o f  complex  growth rates, t h e  MLP 
power and ene rgy   p ro j ec t ions  are used  for  medium and i n t e n s i v e  
t e c h n o l o g y   a l t e r n a t i v e s .  The water Withdrawal. f o r   f o s s i l   f u e l e d  
s t a t i o n s   a v e r a g e s  1.2 c f s   p e r  MW, o r  27  mgd per GW.h. This  
c o e f f i c i e n t  w i l l  g i v e   t h e   g r o s s  water use ,  which is equiva len t   to  
water withdrawal for p l a n t s   w i t h  no rec i ru la t ion .   Accord ing   to  
Ontario  Hydro,  the  average  heat rise across   the  condenser  a t  
c u r r e n t l y   o p e r a t i n g   p l a n t s  i s  18OF, and us ing   the  GLBC graph   for  
foss i i  fue l ed   p l an t s   (F igu re   18 ) ,  27 rng per GW. h ( i . e .  100 
acre-feet/(%. h) i s  used  by a plant   with  an  average  heat  rate of 
9,500 BTU per KW.h. From Figure  19,   consumptive  use  in   such a p l a n t  
would be 0.92 acre- fee t  , or  0.21 m i l l i o n   g a l l o n s  per GW.h. For 
cool ing   ponds ,   th i s   consumpt ive   use   coef f ic ien t  i s  0.25 m i l l i o n  
g a l l o n s  per GW. h ,  and for   cool ing   towers ,  0.33 m i l l i o n   g a l l o n s  per 
GW. h .   These  coeff ic ients  are sbwn  in   Table   54 ,   a long   wi th  similar 
ones   fo r   nuc lea r   p l an t s   (F igu re  20). 

The water withdrawal   and  consumption  f igures   for   the 
technologica l   change   op t ions  are shown a l s o   i n   T a b l e  54. The 
ex tens ive   op t ion  is for   once-through  cool ing,   which is the  same as 
t h e  MLP. The medium opt ion   uses   cool ing   ponds ,   whi le   the   in tens ive  
opt ion  uses   cool ing  towers .   Since,   under   the medium and i n t e n s i v e  
o p t i o n s ,   t h e   o n l y  new water requi red  is to   replace  consumption,   the  
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- Year 

1975 

1985 

2000 

2015 

2035 

TABLE 53 CANADA: THERMAL POWER GENERATION WATER USE UNDER VARYING 
ECONOMIC GROWTH RATES 

( c f s )  

Economic Withdrawal 
Growth Nuclear Fossil  

High 
Med ium 
Low 

High 
Med ium 
L O W  

High 
Med ium 
Low 

High 
Med ium 
L O W  

2,720 

13,230 
11,000 
7,890 

36,170 
26 ,950 
19,380 

580 
65,810 
38,770 

241,950 
173,260 

90,960 

3,880 

5,370 
5,960 
7,030 

8,510 
7,860 
8,110 

15,840 
7,780 
9,010 

43 , 580 
5,550 
7,730 

Tot a1 

6,600 

18 ,600 
16,960 
14,920 

44,680 
34,810 
27,490 

102,420 
73,590 
47 ,780 

285,530 
178,810 

98,690 

Consumption 
Nuclear Fossil  

20 30 

100 40 
80 40 
60  50 

2 70 60 
200  60 
140 60 

650  120 
4 90 60 
290  70 

1,810 3 30 
1,300  40 

6 80 60 

Total 

50 

140 
120 
110 

3 30 
26 0 
200 

770 
5  50 
36 0 

2,140 
1,340 

7 40 
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TEMPERATURE RISE - O F  
Figure  F-18 

Cooling  Water  Requirements 
(Fossil  Fuel  Generating Plants) 

TEMPERATURE RISE - O F  
Figure  F-20 

Cooling  Water  Requirements 
(Nuclear  Generating  Plants) 

NET  PLANT  HEAT  RATE - BTUIKWH 
Figure  F-19 

Consumptive Water Use 
(Fossil  Fuel  Generating  Plants) 

10.500 lop00 sfi00 a m 0  &so0 spoo 7 m  
NET  PLANT  HEAT  RATE - BTUIKWH 

Figure  F-21 
Consumptive  Water  Use 

(Nuclear  Generating  Plants) 



TABLE 54 CANADA: THERMAL  POWER  GENERATION  WATER  USE UNDER VARYING TECHNOLOGICAL  ASSUMPTIONS 

1975 

1985 
2000 
20  15 
2035 

w 
I 
r 
I- 
C- 

1975 

Year Generation Water Withdrawal T o t a l  Water Withdrawal 

(GW. W y r )  (mgd/GW. hlyr) (mgd) 

Exten- Medium In ten-  
s i v e   s i v e  

A. FOSSIL-FUELLED  PLANTS 

2,090 -- - 
1,584 2,115 2,123 
2,696 2,011 2,019 
5,312 2,060 2,092 
7,772 2,188 2,253 

B e  NUCLEAR  PLANTS 

31,260 
21 , 472 
38,172 
79,895 

108,157 

27 
27 
27 
27 
27 

1985 
2000 
20  15 
2035 

11,859 

67,487 
165 , 900 
344,123 
821,552 

1975 - 
1985 
2000 - 
20  15 
2035 - 

" 

- 

45 
45 
45 
45 
45 

1,462 -- 
8,298 1,529 

19,526 1,653 
38,136 1,812 
98,394 2,290 

C. TOTALS 

- 3,552 - 
- 9s 882 3 , 644 
.- 22,222 3,664 
- 43,448 3,872 
" 106,166 4 , 478 

1,559 
1,717 
1,927 
2,565 

- 
3,682 
3,736 
4,019 
4,818 

Water Consumption 

(mgd/GW.h/yr) 

Exten- 
s i v e  

0.21 
0.21 
0.21 
0.21 
0.21 

0.35 
0.35 
0.35 
0.35 
0.35 

I 

" 

" 

- 
- 

Med ium 

- 
0.25 
0.25 
0.25 
0.25 

- 
0.42 
0.42 
0.42 
0 -42 

- 
- 
" 

- 
" 

In ten-  
s i v e  

- 

0.33 
0.33 
0.33 
0.33 

- 
56 
56 
56 
56 

" 

- 
" 

- 
- 

Total Water Consumption 

Exten- 
s i v e  

16 
12 
21 
46 
62 

11 
62 

152 
2 47 
765 

27 
74 

173 
343 
827 

Medium 

I 

15 
26 
49 
72 

" 

78 
182 
356 
9 18 

I 

93 

208 
405 
990 

Inten- 
s i v e  

" 

19 
33 
65 
94 

" 

103 
243 
475 

1,223 

" 

122 
276 
540 

1,317 

NOTE: mgd is in imperial g a l l o n s .  T o  c o n v e r t   t o  cfs multiply by 1 . 8 5 f .  



water withdrawals increase v e r y  s lowly over time. Consumptive  use 
is h ighes t   fo r   t he   coo l ing  tower opt ion  with  an  average  annual  
i nc rease  of 6 . 8  percent  as opposed  to  the M U  ra te  of   increase of 
5.9  percent.  

8.2.5 Water Use Ranges 

On the  basis o f   t h e   a l t e r n a t i v e   p r o j e c t i o n s   d e v e l o p e d   i n   t h i s  
sec t ion ,   ranges   o f  water withdrawal and consumptive  use  can be 
der ived  (Table  55 and Figures  22 and 23).  For withdrawal,  two 
estimates f o r   t h e  low p r o j e c t i o n  are shown. The f i r s t  of the  l a t t e r  
would per ta in   under   the  low  growth  scenario,   wi th  no a l t e r a t i o n   i n  
the cooling  systems  in  use.  The second  would come about  only  with 
adoption  of  closed-cycle  cooling  using  cooling  ponds (i.e. the  
medium technology  scenario) .  The two estimates are shown because  of 
t h e   r a d i c a l l y   d i f f e r e n t   n a t u r e   o f   t h e   c o o l i n g   s y s t e m s  assumed. 
S i m i l a r i l y ,  two h igh   p ro j ec t ions  are shown for   consumptive  use,   the  
second  per ta in ing   on ly   to   the   adopt ion   of   c losed   cyc le   cool ing   v ia  
the  use of cooling  towers.   Since water wi thdrawal   in  a c losed   cyc le  
system is  only  for  replacement  of  consumptive  use,  and s ince   coo l ing  
ponds present   s l igh t ly   lower   amounts  of  consumptive  uses,  the medium 
technology  scenario  gives   the  lowest  water Withdrawal,   while  the 
cool ing  tower  opt ion  gives  the highes t  estimate of  consumptive  use. 

9.1  Comparison  With  International Great Lakes  Levels Board (IGLLB) 
Report 

Municipal  withdrawals are s u b s t a n t i a l l y   h i g h e r   i n   t h e  IGLLB 
estimate (Table  56). An important  element is  the  high  average 
annual  population  growth rate used i n   t h e  IGLLB s tudy.   In   the 
present   s tudy   the  OBERS SERIES E 0.9 to  0.3  percent  growth rate i n  
U.S. popula t ion  i s  projected  whereas   the IGLLB repor t   p ro jec ted  a 
1.4  percent  annual  growth rate. A 1.4 percent  growth rate is  
c u r r e n t l y   p r o j e c t e d   i n  Canada as con t r a s t ed   w i th   t he  earlier 2.1 
percent   per   year .   In   addi t ion ,   the   por t ion  of municipal pumpage 
a l l o c a t e d   t o   i n d u s t r y  is inc luded   in   the   Levels  Board estimate. 
This   por t ion  is u n s t a t e d   i n   t h e   r e p o r t  and  background,  but is  
es t imated  a t  22 percent  on  the basis of cur ren t   research .   This  
allowance would reduce  the  Levels Board estimate to   w i th in  12 
percent  of t he   cu r ren t   Canad ian   fo recas t ,  and only   about   e igh t  
percent   h igher   than   the   cur ren t  2030 p r o j e c t i o n   d e s p i t e  a 
s i g n i f i c a n t l y  greater municipal   populat ion.  The c u r r e n t  estimates 
are based upon complex, a r e a - s p e c i f i c   c o e f f i c i e n t   g e n e r a t o r s ,   i n  
c o n t r a s t   t o  a c o n s t a n t   c o e f f i c i e n t  of 128 ga l lons   pe r   cap i t a -day   fo r  
the  IGLLB estimates. The c o e f f i c i e n t   c a l c u l a t i o n  used i n   t h e  
c u r r e n t  estimates would tend  to make t h e  per capi ta   use   h igher   than  
the  earlier estimates but   the  I G U B  higher  population  assumption 
more t h a n   o f f s e t s   t h i s   t e n d e n c y ,   w i t h   t h e   r e s u l t   t h a t   t h e  two 
estimates are a c t u a l l y   r a t h e r   c l o s e .  The I G U B  repor t   es t imated  
that   consumptive  use w i l l  be a constant  percentage  of  withdrawals 
through  the  project ion  per iod  amounting  to  10 percent  of munic ipa l ,  
40 percent  of rural-domest ic  and 95 percent  of l i v e s t o c k  
withdrawals.  The U. S. consumes an average of 11 percent and t h e  
Canadians 15 percent  of  municipal  withdrawals.  Rural-domestic per 
capita consumptive  use w i l l  increase  about  25 percent .  Even 
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TABLE 55 CANADA: NITER USE  RANGES FOR THERMAL POWER GENERATION 
( c f s )  

Withdrawall  Consumption2 
Year High MLP Low1  Low2 High1  High2 M L P  Low 

1975 - 6,600 - - - - 50 - 
1985 18,600 18,350 14,920 6,770 140 230 140 110 

2000 44,680 41,270 27,490 6,650 33 0 510  310 200 

20 15 102,420 80,680 47,780 7,020 770 1,000 640 360 

2035 285,530 197,150 98,690 8,100 2,140 2,440  1,540 740 

Notes: 

1. Two low estimates are inc luded   to   cover   the   poss ib i l i ty  of 
radical   changes  in   cool ing  systems.  
The second  low  f igure would occur  only  with  the  adoption  of 
cooling  ponds on a l l  new capac i ty .  

2. The second  "high" estimate would occur   only  with  the 
adoption  of  cooling  towers on a l l  new capac i ty .  
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though  each component i s  d i f f e r e n t   t h e  U.S. mix i s  about   the same 
and the  current  Canadian  mix is higher .  The IGLLB p r o j e c t i o n   t o  
2030 i s  49 percent   h igher   than   the   cur ren t  U.S. pro jec t ion  and t h r e e  
percent   higher   than  the  current   Canadian  project ion.  The combined 
p r o j e c t i o n   i n c r e a s e s   t o  36 p e r c e n t   h i g h e r ,   r e f l e c t i n g   p r i m a r i l y   t h e  
d i f f e r e n c e   i n   p o p u l a t i o n   p r o j e c t i o n s .  

The IGLLB estimates of   indus t r ia l   (manufac tur ing)  water use are 
cons iderably  less than  even  the low estimate of fu tu re   u se  from the  
cur ren t   s tudy   (Table   56) .  Three pr inc ipa l   reasons   account   for   the  
discrepancy.  F i r s t ,  the  Canadian estimates f o r   t h e  IGLLB s tudy  were 
based upon water use   da ta  and c o e f f i c i e n t s  from U.S. s tud ies .   This  
methodology is qu i t e   c rude  and w i l l  p roduce   e r roneous   resu l t s .  The 
c u r r e n t  estimates use  Canadian  data and thus  are much more 
accurate.   Secondly,  more i n d u s t r i e s  are i n c l u d e d   i n   t h e   c u r r e n t  
estimates, making  them larger   than  those  produced  by  the IGLLB. The 
i n d u s t r i a l   s e c t o r   i n   t h e  1969 repor t   d id   no t   inc lude   min ing ,  so 
water use as w e l l  as to t a l   w i thd rawa l s  would  be  somewhat d i f f e r e n t  
although  mining is only  two to   t en   percent  of i n d u s t r i a l   u s e .  
Thi rd ,  and perhaps  most  serious  from  the  forecasting  point of  view, 
the  IGLLB f o r e c a s t  i s  based upon population  growth, and thus   ignores  
f a c t o r s   s u c h  as markets,  which  can make indus t r i a l   g rowth  rates 
d i f f e ren t   t han   t he   popu la t ion   g rowth  rate. The IGLLB r epor t  
p ro jec ted  a 3.8 percent  growth rate whereas   the  current  U.S. 
p r o j e c t i o n  of indus t r ia l   g rowth   uses   1 .6   percent   per  annum and t h e  
Canadian  projection i s  3.7 percent .  The earlier r e p o r t  used a 
constant  consumptive  use  of  four  percent  of  withdrawals  through  the 
p ro jec t ion   pe r iod .  The U.S. consumption i n  1975 was a c t u a l l y  12 
percent   o f   wi thdrawals   and ,   re f lec t ing   envi ronmenta l   concerns   tha t  
have  developed  in   the  inter im,  w i l l  be 25 percent   of   withdrawals   in  
2030. The near term I G U B  p r o j e c t i o n s  are 38 t o  47 percent  of 
c u r r e n t  U.S. project ions  but   by 2030 are on ly  15 percent  lower and 
are within  confidence limits o f   t he   cu r ren t   p ro j ec t ion .  The higher 
growth rate in   current   Canadian  assumptions  coupled  with no 
e n v i r o n m e n t a l   c o n t r o l s   r e s u l t s   i n  a d i f f e rence   i nc reas ing   t o   abou t  
450 percent  by 2030. The combined c u r r e n t   p r o j e c t i o n   o f   i n d u s t r i a l  
consumption is about 25 percent   h igher   than   tha t   in   the  IGLLB 
r e p o r t .  Moving the  22 percent   of  water for   manufactur ing  f rom  the 
mun ic ipa l - ru ra l   s ec to r  would reduce   the   d i f fe rence  t o  18 percent .  

The IGLLB s tudy   con ta ins  a t o t a l   a g r i c u l t u r a l   c o n s u m p t i o n  a t  
about 39 percent   of   the   present  MLP ( T a b l e   5 6 ) .   I r r i g a t i o n   i n   t h e  
IGLLB r epor t   i nc luded   on ly   ag r i cu l tu re  and 98 percent  of a l l  water 
withdrawn was assumed to  be consumed. MLP consumption i n   t h i s  
r e p o r t  is based on c r o p   c o e f r i c i e n t s  and acreage.  These  aggregated 
c rop   coe f f i c i en t s   ave rage  74 percent   o f   wi thdrawals   in  1975 
inc reas ing   t o  86 p e r c e n t   i n  2030. The p r inc ipa l   r ea son   fo r   t he  
increasing  percentage in  t h i s   r e p o r t  i s  improved e f f i c i e n c y   i n  
conveyance and d i s t r ibu t ion   sys t ems   l ead ing   t o   dec reas ing  
wi thd rawa l s   i n   t h i s   s ec to r .  The IGLLB s t u d y ,   i n   a d d i t i o n ,   d i d   n o t  
make an   a l lowance   fo r   go l f   cou r se   i r r i ga t ion .   I f   t he  amount of 
water used for   go l f   courses  is  sub t r ac t ed  from the   p re sen t  MLP, t h e  
c ropland   i r r iga t ion   p lus   s tockwater ing   consumpt ion  is ac tua l ly   be low 
tha t   o f   the  IGLLB s tudy.  
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The h i g k r  percentage consumptive  use  in  the IGLLB r epor t  
o f f s e t s   t h e  lesser p r o j e c t i o n  of i r r i g a t e d   a c r e a g e   r e s u l t i n g   i n  
similar projected  growth rates. However, the  lower  base  in  t h e  
IGLLB r e p o r t   r e s u l t s   i n  a p r o j e c t i o n   t h a t  is  28 percent  of t h e  
cu r ren t  77 U.S .  p r o j e c t i o n ,  77 percent  of the  current   Canadian 
p ro jec t ion  and 39 percent  of t he  combined p ro jec t ions  by the   year  
2030 

I n   t h e  earlier part of t h e  power forecas t   (Table   56) ,  it is  
clear t h a t   t h e  I G U B  s tudy estimates are considerably  higher   than 
the  present  Canadian  study.  This i s  due  to a la rge   expans ion  
foreseen   in   the  I G U B  study  to  occur  by 1985. This  did  not 
m a t e r i a l i z e ,   r e s u l t i n g   i n   a n   o v e r e s t i m a t e  of  consumptive  use, By 
2030,  however, a higher  growth rate in   the   cur ren t   s tudy   than   in   the  
IGLLB s t u d y   b r i n g s   t h e  l a t t e r ' s  estimate to   w i th in   s ix   pe rcen t  of 
the   cur ren t   Canadian   pro jec t ion .  

In   the  U.S. por t ion  of t h e   b a s i n ,   t h e  IGLLB r epor t   i nd ica t ed  
that  consumptive  use  of water f o r  power genera t ion  was 0.5  percent 
of   withdrawals   in   the  per iod 1955 to  1965.  This  percentage was 
pro jec ted  as a cons t an t   t o  2030 and  combined wi th  a four   percent  
annual  growth rate i n  power demand to   develop water use 
p ro jec t ions .  Changes i n  mix  of   plants '   cool ing  systems,   technology 
or   environmental   percept ions were no t   cons ide red .   In   t h i s   r epor t ,  
consumptive  use was 1 . 3  percent  of  withdrawals  in  1975 and w i l l  
i nc rease   t o  10 percent  by  2030;  nuclear  plants  generated 20 percent  
of t h e   t o t a l  power i n  1975  and w i l l  i n c r e a s e   t o  39 p e r c e n t   a f t e r  
2000.  These forecas ts   re f lec t   envi ronmenta l   concerns   tha t   deve loped  
a f t e r  1969  and evolving  changes  in  technology. The o the r   bas i c  
d i f f e r e n c e  i s  t h a t   t h e  IGLLB p ro jec t ions  were based  on power demands 
in   t he  Great Lakes  basin  whereas   the  present   project ions are based 
on power genera t ion .  The d i f f e r e n c e   i n   t h e s e  two concepts i s  
extremely  important  and is appa ren t   i n   p ro j ec t ions  by the   reg iona l  
power counci l s .  Based on t h e s e   d i f f e r e n c e s ,   t h e  IGLLB p ro jec t ion  of 
consumptive water use  in   the U.S. por t ion  of the   bas in  i s  22 percent  
of   the  current  MLP p r o j e c t i o n   i n  2030. For t h e   t o t a l   b a s i n ,   t h e  
IGLLB power p ro jec t ion  is  33  percent  of  the  current MLP p ro jec t ion .  
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TABLE 56 COMPARISON OF WATER CONSUMPTION REPORTED IN THE IGLLB STUDY 

W I T H  THF, PRESENT  STUDY (cfs)  

Power Agr i cu l tu re   Indus t rv  Mun-Rural To ta l  

u. s. 

1965 

1985 

2000 

2030 

Canada 

1965 

1985 

2000 

2030 

T o t a l  

1965 

1985 

2000 

2030 

150 

3 40 

72 0 

1860 

30 

5 50 

750 

1390 

180 

8 90 

1470 

3250 

100 

8 30 120 

2250  150 

8440 2 10 

45 

140 70 

310 90 

1320  170 

145 

9 70 190 

2560  240 

9760  380 

380 

50 0 
7 50 

110 

130 

2 20 

4 90 

64 0 
970 

560 

1170 

2060 

63 90 

100 

160 

210 

390 

660 

1330 

227 0 

6780 

3060 

4360 

7390 

3 40 

61 0 

1730 

3400 

49 80 

9 120 

1070 

1330 

1620 
2440 

220 

2 90 

37 0 

6 30 

1290 

1620 

1990 

3070 

IGLLB - I n t e r n a t i o n a l  Great Lakes  Levels Board 

IDCUB - I n t e r n a t i o n a l   D i v e r s i o n s  and  Consumptive Uses Board 

1210 

1340 

1640 

3  10 

38 0 
6  10 

1520 

17 20 

2250 

1880 

2960  5480 

4550  8460 

10900  18200 

39 5 
1070 900 

1420 1430 

2580 3880 

2270 

4030  6380 

5970  9900 

13480  22080 
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Sect ion 11 

DATA SET 

TABLES : PAGE NO. 

1. Great 
2. Great 

3. Tota l  
4. Tota l  
5. To ta l  
6. Tota l  
7. To ta l  
8 .  Tota l  
9.  Tota l  

10. Tota l  
11. To ta l  
12. Total  
13. To ta l  
14. Total  

Water Use Data by Lake Basin 

Lakes  Total  Withdrawal Water Use 
Lakes  Total  Consumptive Water Use 

Tota l  Water Use Data 

Withdrawal Water Use 
Consumptive Water Use 
Lake 
Lake 
Lake 
Lake 
Lake 
Lake 
Lake 
Lake 
Lake 
Lake 

Superior  Withdrawal Water Use 
Superior  Consumptive Water Use 
Michigan  Withdrawal Water Use 
Michigan  Consumptive Water Use 
Huron Withdrawal Water  Use 
Huron Consumptive Water Use 
Erie Withdrawal Water use 
Erie Consumptive Water Use 
Ontario  Withdrawal Water  Use 
Ontario  Consumptive Water Use 

Uni ted   S ta tes  Water Use Data 

15. United  States  Total   Withdrawal Water Use 
16. United  States  Total   Consumptive Water Use 
17 
18. 
19. 
20 
21. 
22. 
23 
24 

United 
United 
United 
United 
Uni t ed 
United 
Uni t ed 
United 

S t a t e s  Lake 
S t a t e s  Lake 
S t a t e s  Lake 
S t a t e s  Lake 
S t a t e s  Lake 
S t a t e s  Lake 
S t a t e s  Lake 
S t a t e s  Lake 

Superior  Withdrawal Water Use 
Superior  Consumptive Water Use 
Huron Withdrawal Water  Use 
Huron Consumptive Water Use 
Erie Withdrawal Water Use 
Erie Consumptive Water Use 
Ontario  Withdrawal Water Use 
Ontario  Consumptive Water Use 

Canada Water Use Data 

F-132 
F- 132 

F- 133 
F-133 
F- 134 
F-134 
F- 135 
F-135 
F- 136 
F-136 
F- 137 
F- 137 
F- 138 
F-138 

F- 139 
F- 139 
F-140 
F- 140 
F-141 
F-141 
F- 142 
F- 142 
F-143 
F- 143 

25. Canada Total  Withdrawal Water Use 
26. Canada Total  Consumptive Water Use 
27. Canada  Lake 
28. Canada Lake 
29. Canada  Lake 
30. Canada Lake 
31. Canada  Lake 
32. Canada Lake 
33. Canada  Lake 
34. Canada Lake 

Superior  Withdrawal Water Use 
Superior  Consumptive Water Use 
Huron Withdrawal Water Use 
Huron Consumptive Water Use 
Erie Withdrawal Water Use 
Erie Consumptive Water Use 
Ontario  Withdrawal Water Use 
Ontario  Consumptive Water Use 

F- 144 
F- 144 
F- 145 
F-145 
F- 146 
F-146 
F- 147 
F-147 
F- 148 
F-148 

NOTE: "Lake  Ontar io"   includes  the  Internat ional   Sect ion of the S t ,  
Lawrence River.  
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F-26 Great Lakes  Total  Consumption  by  Lake Basin F-149 
F-27 Great Lakes   Tota l  Comsumption  by Water Use F-150 
F-28 Great Lakes  Total   Consumption  by  Nation F-151 

NOTE : Due to   s epa ra t e   me thods   employed   i n   t he   t abu la t ion   and  
rounding   of   da ta ,   there  may b e   n e g l i g i b l e   d i f f e r e n c e s  
be tween   fo recas t   numbers   i n   t h i s  Data Se t   and   t he  SUMMARY 
TABLES (6-1,6-2,6-3) i n  the   ma in   r epor t   (Sec t ion   6 ) .  
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1 0  
4 0  

0 
1 0  
1 0  

0 
4 0  
4 0  

10  
7 5 0  
7 4  0 

5 5 0  

14PO 
8 7 0  

7 0 3 5  

500 
5 0  

550 

0 
0 0  
90 

1 3 1 0  

1420 
1 1 0  

2 2 0  

? R O  
60 

0 
10 
10 

0 
4 0  
4 0  

150 
7 4 6 0  
7 h l O  

2 1 R O  
7820 

I nono 

2 0 3 5  

3 7 n  
1 0  

280 

0 
50 
50 

270 

300 
30 

30 

4 0  
10 

0 
1 0  
1 0  

0 
40 
4 0  

900 
20 

92 0 

590 

1640 
1050 

F-141 



TARLE P I  l I N l T E 0  STATES  LAKE  EP1F  WlTHDR4W4L WATFR USE CFS 

TARLF 22 I lN lTFO STATFS I AKE ERIF CONSIIMPTIVF WATER IISF C F S  

I I S F  1 VE4R 1 9 7 5  

MON LAKE 
MUN NOLK 
MUN TnTL 

now NOLK 
noM ILAKE 

noM T O T L  

MAN LAKF 
MAN NOLK 
MAN TllTL 

M l N  LAKE 
MIN NOLK 
M l N  TOTL 

S T Y  LAKF 
STK NOLK 
STY TOTL 

l R R  LAKE 
I R P  NOLK 
I R D  TOTL 

DWU LAKE 
PWP N O 1  K 
P W U  TnTL 

T n T  L A K E  
T O T  NO1 K 
T O T  TOTL 

2 2 7 0  
380 

P b S O  

0 
140 
140 

A230 
7 2 0  

R 9 5 0  

250 

3 1 0  
6 0  

0 
30 
30 

0 
90 
90 

7 5 3 0  
4620 

12150 

I w R o  

24320 
6 0 4 0  

19RO 

2 4 2 0  

? a 8 0  
4no 

0 
1 4 0  
I 4 0  

R ~ R O  

9 1 1 0  
7 3 0  

2-’0 
T O  
350 

0 
30 
3n 

0 
100 
Loo 

n960 

l 3 l R O  
4280 

20040 
9690 

25730 

19R5 

25h0 
4 2 0  

P ~ R O  

0 
140 
1 4 0  

R560 
7 4 0  

9300 

3 1 0  
R O  
390 

0 
30 
30 

0 
100 
I00 

10210 
3970 

14180 

2 1 6 4 0  
5 4 R O  

2 7 1 2 0  

1990 

271 0 

3150 
4 4 0  

0 
I 4 0  
140 

a820 

9 5 8 0  
7 6 0  

340 
40 

430 

0 
1 0  
30 

0 
110 
110 

11260 

14720 
3460 

23130 
5030 

28160 

1995 

2860 

1330 
470 

0 
140 
140 

9110 
7 9 0  

oqno 

JRO 
100 
480 

0 
30 
10 

0 
l?O 
1 2 0  

11790 
3120 

1 4 0 4 0  

2 4 0 7 0  
4 7 7 0  

2RH4O 

2000 

3 0 1 0  
4 R 0  

3490 

0 
1 4 0  
I40 

9 4 4 0  
820 

I n a 6 o  

4 1 0  
I no 
5 1 0  

0 
TO 
30 

0 
IPO 
120 

I 2360 
2900 

15260 

2 5 2 2 0  
4 5 9 0  

29810 

pons  

3 I K O  
5 n o  

3bhO 

0 
140 
140 

9800 
8 5 0  

I n 6 ~ 0  

4 4 0  
I10 
5 5 0  

0 
10 
30 

0 
110 
110 

13360 
3020 

l 6 3 R O  

26760 
47R0 

3 1 5 4 0  

I I S E  / YEAR 

MUN NnLK 
MUN 1 AKE 

HUN 1 O T L  

nnM L A K E  
nou NOILK 
noM T O T L  

MAN LAKE 
MAN NOLK 
M A N  TnTL 

M l N  I AKF 
L(IN NOLK 
M l h l  TOTL 

S T Y  LAKE 
S T K  N0I.K 
S T Y  TnTL 

1RQ LAKE 
I R Q  NllLK 
1RP TOTL 

DWP LAKE 
PWR NO1.K 
P k R  T O I L  

T O T  LAKE 
T O T  NO1 K 
T O T  TnTL 

1975 

200 
6 0  

260 

0 
R O  
R O  

1 2 R O  

1390 
110 

4 0  
I O  
5 0  

0 
30 
30 

0 
7 0  
7 0  

5 0  
90 

140 

1610 
4 1 0  

8 0 2 0  

1 9 R O  

270 
h n  

2 R 0  

n 
q o  
00 

13RO 
I ? 0  

t 5no 

40 
I O  
5 0  

0 
30 
30 

0 
7 0  
7 0  

130 

100 
hO 

1770 

821 0 
440 

19R5 

230 
en 
290 

n 
9 0  
90 

1520 

1650 

5 0  
1 0  
60 

I 30 

0 

30 
30 

0 
R O  
R O  

190 
60 
250 

1990 
4 6 0  

2 4 5 0  

1990 

250 

31 0 
60 

0 
90 
90 

1 7 3 0  

I R R O  
150 

5 0  
10 
hO 

0 
30 
30 

0 
9 0  
90 

2 8 0  

350 
7 0  

2 3 1 0  
5 0 0  

p a l o  

1995 

260 

3 2 0  
h0 

0 
R O  
R O  

1 9 5 0  
170 

2 1 2 0  

60 
10  
7 0  

0 
30 
30 

0 
90 
90 

?on0 

290 
60 

3 4 0  

0 
R O  
R O  

2 1 6 0  

2 3 5 0  
1 ‘ro 

6 0  

7 0  
1 0  

0 
30 
70 

0 
I no 
1 no 

5 7 0  

b 7  0 
I no 

3070 
5 7 0  

3640 

?on5 

300 

3 7 0  
7 0  

n 
R O  
R O  

P480 

2h30 
2 1 0  

60 
20 
R O  

0 
30 
30 

0 
1 no 
Loo 

7 1 0  

830 
1 P O  

3 4 9 0  
6 0  

4 lPO 

2 0 1  0 

331 0 

3830 
5 2 0  

0 
140 
140 

10160 

1 I 0 4 0  
880 

480 
1 2 0  
600 

0 
30 
30 

0 
140 
I40 

I 4 5 4 0  
3160 

I 7 7 0 0  

2 8 4 9 0  
4990 

3 3 4 R O  

8 0 1 0  

3 1 0  

300 
7 0  

0 
R n  
R O  

P6RO 

891 0 
230 

7 0  
P O  
9 0  

0 
30 
30 

0 
1 1 0  
110 

9 2 0  

1 0 5 0  
130 

3 9 8 0  
6 7 0  

4 6 5 0  

2015 

3460 

4000 
5 4 0  

0 
I 4 0  
140 

10520 

11  440 
9 2 0  

5 1 0  
I30 
b 4 0  

0 
30 
30 

0 
140 
140 

159RO 
3340 

19320 

3 0 4 7 0  
5 2 4 0  

3 5 7 1 0  

2015 

330 

4 0 0  
7 0  

0 
80 
R O  

2 9 4 0  
260 

3200 

R O  

IO0 
20 

0 
30 
30 

0 

120 
I 8 0  

1170 

1 3 3 0  
160 

4 5 2 0  
7 4 0  

5260 

PO20 

361 0 
5 6 0  

4 1 7 0  

0 
140 
140 

I 1 8 4 0  
9 5 0  

5 5 0  
130 
6 R O  

0 
30 
30 

0 
160 
160 

I 7 7 2 0  

21280 
3560 

3 2 7 7 0  
4530 

~ 3 n o  

2020 

340 

410 
7 0  

n 
R O  
R O  

3240 

3 5 2 0  

R O  

100 
20 

2 8 0  

0 
30 
30 

0 
120 
120 

1460 

1 b 5 0  
I 9 0  

5 1 2 0  
7 9 0  

5 9 1  0 

2 0 7 5  

3760 

4340 
500 

0 
1 4 0  
140 

1 I290 

12270 
9 0 0  

5 R 0  

720 
I 4 0  

0 
30 
30 

0 
1 h 0  
I 6 0  

19760 
w n o  

2 3 5 6 0  

3 5 3 9 0  
5830 

4 1220 

2025 

360 

4 3 0  
7 0  

0 
R O  
R O  

3530 
300 

3830 

90 

110 
E O  

0 
30 
30 

0 
130 
130 

I880 

POSO 
230 

5 8 0 0  
8 6 0  

6 6 6 0  

2 0 3 0  

3910 

4 5 1 0  
6 0 0  

0 
140 
140 

11710 

12730 
1020 

6 1 0  

7 6 0  
1 5 0  

0 
30 
30 

0 
1 7 0  
170 

27250 
4100 

2 6 3 5 0  

3R4RO 
6 2 1  0 

44690 

? O X O  

370 

4 5 0  
80 

0 
R f l  
no 

3880 

4150 
330 

40 

1 1 0  
20 

0 
30 
30 

0 
I30 
I 3 0  

2 8 3 0  

2440 
ZOO 

6 5 1 0  
9 3 0  

7 4 4 0  

8035 

4060 
6 2 0  

4680 

0 
140 
140 

12120 

13180 
IO60 

6 5 0  
16n 
81 0 

0 
30 
30 

0 
180 
I no 

255no 
4500 

30000 

48330 
6690 

49020 

8035 

390 

4 7 0  
R 0  

0 
R O  
R O  

4 120 

4 4 u n  
360 

l o o  

1 2 0  
20 

n 
30 
30 

0 
I40 
140 

2780 

3090 
310 

7 3 9 0  
1020 
R 4 l  0 

F.-142 



T b R L F  ?3 l l N l l F 0  S T A T E q   L b K E   O N T b R l O   W I T H O D A W b l   W b T E R  lJSF 

I l S F  / V f A R  1 9 7 5  

M U N  L A K E  
N U N  N O L K  
MUN T o m  

D n M  L P I E  
nClM N f l L K  
nOM T O T L  

M b N  L b K E  
UbN N(1l.K 
M A N  T O T L  

M l N  I L A K E  
M I N  Nnl K 
M I N  T O T L  

S T K  L A K E  
5 T K  N O L K  
S T K  T O T L  

l R D  N O L K  
I R P  I A Y E  

IUP T O T L  

DWW L b K E  
P W P  NO1 C 
DWD T O T L  

T n T   NO^ K 
T O T  T n T L  

T O T  L A K E  

210 
140 

350 

0 
50 
5 0  

4 R 0  
4 0  

520 

20 
70 

90 

0 
P O  
20 

0 
30 
30 

4730 
1 IRO 
591  0 

5420 

6970 
1 5 5 0  

1 9 R O  

I 60 
220 
3 R 0  

0 
5 n  
50 

490 

5 7 0  
40 

" 0  
P o  

I n o  

0 
P O  
?O 

0 
3n 
70 

-410 

6520 
1 1 1 0  

6140 
1490 
7h30 

19R5 

1 7 0  
230 
400 

0 
5 0  
50 

51 0 

5 5 0  
40 

90 

110 
20 

0 
20 
20 

n 
30 
30 

4330 

7 1 9 0  
A 6 0  

7 1 0 0  
I250 
R350  

I990 

190 
2 4 0  
430 

0 
60 
hO 

530 

570 
4 0  

1 1 0  

1 4 0  
10 

0 
?O 
20 

0 
417 
40 

7 2 x 1  

7770 
540 

8060 
970 

4030 

1995 

21 0 
2 5 0  
460 

0 
60 
60 

550 

b o 0  
5 0  

1 2 0  

1 5 0  
30 

0 
?n 
20 

0 
40 
40 

aosn 

U510 
470 

a920 
920 

a840 

T o n o  

220 
290 
470 

0 
60 
60 

5 7 0  

670 
50 

170 
70 

IhO 

0 
P O  
?n 

0 
40 
40 

9070 
4 R O  

9550 

99'40 
9 .I 0 

I 0920 

r4RLF 2 4  I I N T T F D  S T A T F -  I b K €  O N T B R T O   C n N S U M P T I V E   W B T F R  I ISE 

l l S F  I V E A Y  

MUCl  I A Y E  
MUPl N O L K  
M U N  T O T L  

n o M  I A C E  

n n M  T O T L  
OOM NOLK 

U b N  L b K E  
M A N  NnI K 
MbM T O T L  

LIlN L b K F  
MICl Nnl K 
M l h l  T O T L  

S T Y   L A K E  

S T K  T D T L  
S T K  Nf l t  K 

1 R R  I A K E  
IRP N O L K  
I R R  T O T L  

OW0 N O L K  
PWR L b K E  

P W P  Tl lTL 

T O T  L 4 K E  
T O T  N V l K  
T O T  T O T L  

1975 

30 
4 0  
70 

0 
7 0  
30 

30 
0 

30 

10 
0 

I O  

0 
?O 
20 

0 
?O 
?O 

7 0  
10  
"0 

140 
120 
260 

1 9 R O  

3n 
4 0  
7 0  

0 
70 
30 

40 
0 

40 

10 
0 

1 0  

0 
20 
?O 

0 
? O  
?n 

I n o  

I20 
20 

I n n  
I J O  
3 1 0  

19R5 

30 
4 0  
7 0  

0 
10 
10 

40 
0 

40 

P O  
0 

20 

0 
?O 
20 

0 
20 
20 

150 

170 
PO 

240 
130 
370 

1 9 9 0  

40 
40 
R O  

0 
10 
30 

en 
0 

h0 

20 
0 

20 

0 
20 
20 

0 
30 
30 

220 

?30 
10 

340 
130 
470 

1995 

40 
40 
an 

0 
40 
40 

70 
1 0  
An 

70 

20 
n 

n 
20 
20 

0 
30 
30 

31 0 

320 
10 

440 
1 5 0  
590 

?on0 

40 
40 
R O  

0 
40 
40 

40 

I n o  
10 

?O 
0 

20 

0 
P O  
20 

n 
30 
30 

440 

460 
?O 

590 
1 6 0  
750 

CFS 

Pons 

240 
2 6 0  
sno 

0 
hO 
60 

6 n o  

650 
5 0  

140 
40 

1no 

0 
20 
20 

n 
5 0  
T O  

9 8 R O  
4 7 0  

lo350 

1 n8hO 

1 1 8 1 0  
950 

C F +  

2005 

50 
40 
90 

0 
40 
40 

l n o  
1 0  

I10 

?O 
0 

20 

0 
PO 
20 

n 
70 
10 

s 5 0  
P O  

570 

720 
160 
8no 

2010 

2hO 
270 
530 

0 
7 0  
7 0  

620 

h70 
T O  

160  
40 

200 

0 
20 
20 

0 
5 0  
so 

1n730 

I 1  1 9 0  
460 

11770 
960 

12730 

P O 1  0 

50 
4 0  
90 

0 
40 
40 

I 2n 
10 

I30 

20 
0 

P o  

0 
P O  
20 

0 
40 
4 0  

7no 

720 
20 

nqo 

1 Oh0 
170 

2 0 1 5  

2 R 0  
2 R O  
560 

0 
70 
70 

650 
60 

710 

I 70 
90 

210 

0 
PO 
20 

0 
5 0  
5 0  

I 1  7hO 

12210 
450 

128hO 

13830 
970 

2 0 1 5  

50 
so 

I n o  

0 
40 
40 

I 3n 
10 

140 

20 
1 0  
30 

0 
20 
?O 

0 
40 
40 

Ben 

900 

t ono 

20 

1270 
190 

P O P 0  

300 
2 R O  
5R 0 

0 
7 0  
7 0  

6 7 0  
60 

730 

I R O  
40 

220 

0 
?O 
20 

0 
50 
5 0  

13010 

134so 
4 4 0  

14160 
9h0 

15120 

2020 

60 
so 

1 1 0  

0 
40 
40 

I50 
I O  

I LO 

20 

30 
1 0  

0 
20 
20 

0 
40 
40 

I I n o  
2.0 

1120 

1330 

1520 
190 

2025 

3 P O  
290 
610 

n 
7 0  
7 0  

7 0 0  

760 
6 0  

190 
40 

230 

0 
20 
P O  

0 
60 
60 

14470 

14900 
430 

15680 
970 

16650 

2 0 P 5  

h O  
T O  
110 

0 
4 0  
4 0  

I70 
10 

1 R O  

ZO 
1 0  
30 

0 
20 
20 

0 
40 
40 

1370 
30 

1400 

1670 

1 8 1 0  
200 

Z030 

3 4 0  
300 
6 4 0  

0 
RO 
00 

720 

780 
h0 

210 
50 
260 

0 
20 
20 

0 
6 0  
h0 

16260 

I h660 
400 

17530 
97 0 

1esno 

ZOJO 

6 0  
50 

I 1 0  

0 
40 
40 

1 R O  
2 0  

2 0 0  

20 

30 
10 

0 
P O  
20 

0 
40 
40 

1870 
30 

1700 

1930 

2140 
210 

2035 

360 
300 
66 0 

0 
no 
An 

750 

8 1 0  
60 

220 
50 

270 

0 

P O  
Po 

n 
60 
60 

1 nsqo 
3 ~ n  

le970 

19920 
950 

21-1870 

~ 0 3 5  

7 0  
50 

1?0 

0 
40 
4 0  

200 
20 

22 0 

30 
1 0  
40 

0 
P O  
?O 

0 
50 
Tn 

2070 

P I  I O  

2370 

2600 
230 

40 

F-14 3 



T 4 R L F  25 C A N 4 O 4   T O T A L   W I T H O D I Y 4 L   Y 4 T E D  IISE 

I ISF / V E A R  

M U N  L A K E  
H U N  N0I.K 
MUhl T O T L  

DOH L A K E  
DOM N0I .K  
DOM T O T L  

M A N  I A K E  
M 4 N  NOLK 
M A N  T O T L  

M l N   L I K E  

WIN T O T L  
M I N   N O L K  

S T K  I 4 K E  
S T K  N O L K  
S T K  T O T L  

I W P   L A K E  

T R P  T O T L  
I R W   N f l L K  

DWD L A K E  
P W W  N O L K  
DWW T O T L  

T O T  L A K E  
TClT N l l L K  
T O T  T O T L  

1975 

7 2 0  
2 1 0  
930 

0 
60 
60  

4 8 4 0  

5 5 A O  
7 4 0  

0 
1 30 
1 3 0  

0 
80 
R O  

0 
1 3 0  
130 

6600 
0 

hh0O 

12160 
1350 

13510 

19RO 

7 7 0  
240 

1 0 1 0  

n 
0 0  
60 

5960 

h R R O  
920 

0 

1 6 0  
160  

0 
9 0  
90 

0 
1 4 0  
1 4 0  

1?470 
0 

12470 

1 w n o  

m a l o  
1 6 1 0  

1 9 R 5  

8 4 0  
2 5 0  

1090 

0 
8 0  
no 

7 4 1 0  

R 5 6 0  
1 I50 

0 
200 
200 

0 

I n o  
I n o  

0 
1 5 0  
150 

18350 
0 

I n 3 5 0  

2 ~ 6 n 0  
1 9 3 0  

28530 

1940 

9 1  0 
2 8 0  

1190 

0 
90 
90 

nqqo 

10370 
I380 

0 
2 4 0  
2 4 0  

0 
1 1 0  
110 

0 
160 
100 

25980 
0 

259R0 

s e n 0  
P2h0 

3 8 1  4 0  

C F S  

1995 

970 
2 9 0  

1 2bO 

0 
9 0  
9 0  

10910 
1 b e 0  

1 ? 5 q O  

0 
31 0 
31 0 

0 
I20 
1PO 

0 
180 
I no 

3Tb30 
0 

3 7 6 3 0  

4 5 5 1  0 

4 9 1 8 0  
P670 

z o o 0  

1030 

1350 
320 

0 
90 
40 

13040 

I S 1 1 0  
2070 

0 
3 7 0  
3 7 0  

0 
I20 
I?0 

0 
190 
1 " O  

4 I 2 7 0  
0 

4 1 2 7 0  

55390 
3110 

5 ~ 5 0 0  

T A R L F  26 C 4 h ' A @ 4   T O T A L   C n N 9 U M P T l V E  WATER USE CFS 

I lSF / V E A R  I 9 7 5  

M U N  L A K E  
M U N  N O L K  
MUIN T n T L  

nflM L 4 K E  
nOM N O L K  
noM T O T L  

M 4 h l  L A K E  
M 4 N  NO1.K 
M 4 N  T O T L  

M l N  L A K E  
M I L 1  N O L K  
M I N  T O T L  

S T K  L 4 K E  
S T Y  N O L K  
S T Y  T O T L  

I R W  N O L K  
T R R  I A K E  

TRW T O T L  

P W P  1 4 K E  
DWW N O L K  
PWR TCITL 

T O T  L . 4 K E  
T O T  N O L K  
T n T  T n r L  

1 1 0  
4 0  

I 5 0  

0 
30 
30 

180 
4 0  

220 

0 
0 
0 

0 
10 
A 0  

0 
1 no 
100 

6 0  
0 

60 

350 
2qn 
640 

19n0 

170 

160 
4 0  

0 
10 
30 

230 

2 7 0  
4 0  

0 
0 
0 

0 
90 
4 0  

0 
110 
110 

9 0  
0 

40 

4 4 0  
3 1 0  
7 5 0  

19n5 

130 

170 
4 0  

0 
5 0  
5 0  

2no 

330 
5 0  

0 
0 
n 

0 
1 no 
I no 

0 
110 
110 

140 
0 

1 4 0  

5 5 0  

900 
350 

1940 

1 4 0  

I no 
a o  

0 
0 0  
00 

3 4 0  
h O  

4no 

0 
0 
0 

0 
110 
110 

0 
120 
120 

140 
n 

190 

b 7 0  
3 9 0  

1 Oh0 

1995 

150 

190 
40 

0 
60 
60  

4 2 0  
A 0  

sno 

0 
0 
0 

0 
120 
120 

0 

I20 
120 

2 5 0  
0 

250 

B P 0  

1240 
420 

zoo0 

I h0 

2 0 0  
4 0  

0 
60 
6 0  

51 0 
40 

6 n o  

0 
10  
1 0  

0 
1?0 
120 

0 
130 
I30 

310 
0 

310 

9R0 
4 5 0  

1430 

? o n 5  

1 I P O  

I450 
330 

0 
90 
9 0  

l 5 5 h 0  

I 7 9 4 0  
2380 

0 
4 4 0  
4 4 0  

0 
130 
1 30 

0 
200 
2 0 0  

544no 

5 4 4 0 0  

7 1 onn 

0 

3570 
7 4 6 5 0  

2010 

1220 

1590 
370 

0 
90 
9 0  

184oo 

2 1 2 1 0  
2 8 1 0  

0 
5 1 0  
51 0 

0 
150 
I50 

0 
2 1 0  
2 1 0  

h 7 5 5 0  
0 

6 7 5 5 0  

R7170 
4 1 4 0  

9 1 3 1 0  

2015 

1 3 2 0  

I 7 2 0  
400 

0 
100 
LOO 

2 1 7 5 0  

250h0 
3310 

0 
6 1 0  
6 1 0  

0 
1 b 0  
1 h O  

0 
2 4 0  
240 

a n e n 0  
0 

8 O b A O  

103750 
4820 

I on570 

2020 

1440 
430 

I 8 7 0  

0 
100 
I no 

25740 

29650 
3910 

0 
7 2 0  
7 2 0  

0 
170 
170 

0 
2h0 
2 b 0  

10981 0 
0 

109810 

I J h 9 9 0  
5590 

142580 

2025 

1560 

2030 
470 

0 
1 1 0  
1 1 0  

30520 

3 5 1 4 0  
4b2O 

0 
860 
8 6 0  

0 
200 
200 

0 

2 A O  
>no 

138930 
0 

I 3 ~ 9 3 0  

171010 
6 5 4 0  

1775SO 

2 0 3 0  

I 6 9 0  
510 

ezno 

0 
110 
130 

3 6 1 9 0  

41b5O 
5 4 6 0  

0 
IO40 
I040 

0 
2 0 0  
200 

0 
31 0 
31 0 

16R020 
0 

1 bRO2O 

PO5900 
7 6 5 0  

213550 

20.35 

I 8 h O  

2 4 1  0 
550 

0 
130 
130 

42970 

49430 
h4h0 

0 
1220 
1220 

0 
220 
2 2 0  

0 
340 
3 4 0  

197150 
0 

197150 

2 4 1 9 ~ 0  

~50900 
A920 

Pons 

170 

2 1 0  
4 0  

0 
6 n  
h O  

6 0 0  
1?0 
7 7 0  

0 
10  
10  

0 
130 
130 

0 
140 
140 

4?0 
0 

4 ? 0  

I140 
5 0 0  

1 b 9 0  

? 0 1 0  

I 9 0  

2 4 0  
5 0  

0 
bo 
60 

7 0 0  

as0 
1 5 0  

0 
I O  
I O  

0 
I 5 0  
150 

0 
150 
I so 

5 3 0  
0 

530 

1 4 2 0  
5 7 0  

1990 

2015 

200 

P h O  
h O  

0 
h 0  
6 0  

810 

1010 

0 
P O  
20 

2no 

0 
I b o  
1 h O  

0 
170 
170 

6 4 0  
0 

6 4 0  

1650 
b 7 0  
2320 

2020 

220 
7 0  
290 

0 
h0 
60 

I 0 1 0  

1190 
1RO 

0 
30 
30 

0 
170 
1 7 0  

0 

1AO 
I no 

8 6 0  
0 

Oh0 

2090 
6 9 0  

2 7 8 0  

PO25 

240 
7 0  

3 1 0  

0 
7 0  
7 0  

12no 

1 4 2 0  
2 7 0  

3 0  
0 

3 0  

0 
200 
200 

0 

210 
210 

1 on0 
n 

I on0 

2520 
8 0 0  

3320 

2030 

2bO 
80 

3 4 0  

0 
7 0  
7 0  

1 4 3 0  

I 7 0 0  
2 7 0  

0 
4 0  
4 0  

0 
200 
200 

0 

220 
2 2 0  

1330 
0 

I330 

3020 
880 

m n o  

2035 

2r0 

350 
no 

0 
7 0  
7 0  

1 7 0 0  

zn20 
320 

0 
4 0  
4 0  

0 
7 2 0  
2 2 0  

0 
240 
2 4 0  

1540 
0 

1540 

3520 
890 

4 4 9 0  

F-144 



T b R L E  77 C b N b n 8  L A K F  S U D E W l n Q  W I T H O E l b W b l  WbTEW l lSF 

llSS / V E b R  1975 

H U N  L b K E  
M ( I N  N O L K  
M U N  T O T L  

nou N O L K  
now L b u E  

DOM T O T L  

M A N  I . b K E  
M b N  N O L K  
P b N  T O T L  

M I  LI Nlll K 
M I N  L b K C  

M I N  T O T L  

5 T C  l ~ b K E  
S T K  N n I K  
S T K  T O T L  

I R P  L b K E  
1 R W  N 0 I . C  
T R R  T O T L  

PUR I . b K E  
PWR N O L K  
PWP T O T L  

T O T  L b K E  
T n T  N O I K  
T O T  T O T L  

30 
1 0  
40 

0 
0 
0 

690 
10 

700 

0 
10 
I O  

0 
0 
0 

0 
0 
0 

40 
0 

40 

760 

790 
30 

I 9 R O  

10 

4 0  
10 

0 
0 
0 

R - 0  

R * O  
1 0  

n 
10 
10 

0 
0 
0 

0 

0 
0 

70 
0 

70 

950 
10 

9 R O  

l 9 R 5  

30 

40 
10 

0 
0 
0 

I 0 5 0  

1OhO 
I O  

0 
20 
?O 

0 
0 
0 

0 
0 
0 

1 1 0  
0 

1 1 0  

1190 
a 0  

1230 

I 9 9 0  

30 

40 
10 

0 
0 
0 

1270 

I 2 R O  
10 

0 
?n 
?O 

0 
0 
0 

0 
0 
0 

360 
0 

3h0 

lhhO 
4 0  

I 700 

1995 

30 

40 
1 0  

0 
0 
0 

1 5 3 0  

I 550 
70 

0 
30 
10 

0 
0 
0 

0 
0 
0 

6 2 0  
0 

6 2 0  

7lRO 
h0 

? 2 4 0  

I l S F  I Y E A R  

M U N  hl l l1  K 
M U N  L b K t  

Ullhl T O T L  

n r w  L e K E  
nrw NOI K 
nmu T O T L  

Llbhl L A K E  
U b N  N 0 I . K  
M b N  T O T C  

M I N  L b K E  
M I N  NO1 K 
M I N  T O T L  

S T K   L b K E  

S T K   T O T L  
S T K   N O L K  

IQD L A K E  

1 U P  T O T L  
I U D  N O L K  

p m  L b K E  
PWD N O L K  
PWQ T O T L  

T f l T  I b K F  
T O T  NO1 K 
T O T  T ~ I T L  

1975 

IO 
0 

10 

0 
n 
0 

7 fl 
0 

PO 

n 
n 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

30 
n 

30 

1 qnn 

1 0  
n 

1 0  

0 
0 
n 

?n 
0 

70 

0 
0 
0 

0 
0 
0 

0 
0 
0 

n 
n 
0 

30 
0 
10 

I 9 R 5  

1 0  
0 

I O  

0 
n 
0 

30 
0 

30 

0 
0 
0 

0 
0 
0 

0 
0 
0 

n 
0 
0 

40 
0 

40 

1990 

I n  
n 

I O  

0 
0 
0 

30 
0 

30 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

40 
0 
40 

1995 

1 0  
0 

10 

0 
0 
0 

40 

40 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

1 0  
0 

1 0  

60 

h0 
n 

C F S  

7000 

30 
IO 
40 

0 
0 
0 

1 8 3 0  
?O 

1 8 5 0  

0 
3 0  
3 0  

0 
0 
0 

0 
0 
n 

R R O  
0 

Ann 

7740 

r ~ n o  
60 

c F s  

7000 

10  
0 

IO 

0 
n 
0 

5 0  
0 

5 0  

0 
0 
0 

0 
0 
0 

0 
0 
0 

1 0  
0 

1 0  

70 
' 0  
70 

?on5 

30 

40 
I O  

0 
0 
0 

7150 

7170 
70 

0 
40 
40 

0 
0 
0 

0 
0 
0 

I170 
0 

I170 

3350 

3 4 2 0  
70 

7005 

1 0  
0 

1 0  

0 
0 
0 

0 0  
0 

h O  

0 
0 
0 

0 
0 
n 

0 
0 
0 

10  
0 

1 0  

no 
0 

no 

201 0 

30 

40 
IO 

0 
0 
0 

7 5 4 0  

2570 
30 

0 
40 
40 

0 
0 
0 

n 

n 
0 

1470 
0 

1470 

4040 
R O  

4120 

2010 

I O  
0 

1 0  

0 
0 
0 

70 
0 

70 

0 
n 
n 

0 
0 
n 

0 
0 
n 

I O  
0 

I O  

90 
0 

90 

201 5 

30 

40 
10 

0 
0 
0 

29no 

3010 
30 

0 
so 
50 

n 
0 
0 

0 
0 
n 

I760 
0 

17h0 

4 7 7 0  
90  

4060 

701 5 

I O  
0 

1 0  

0 
0 
0 

70 
0 

70 

0 
1 0  
IO 

0 
0 
0 

0 
0 
0 

1 0  
0 

IO 

90 
1 0  

1 no 

2020 

30 

40 
I O  

0 
0 
0 

3 5 1 0  

3 5 5 0  
4 0  

0 
60 
00 

0 
0 
0 

0 
0 
0 

2410 
0 

2410 

5 9 5 0  
1 1 0  

huh0 

2070 

I O  
0 

1 0  

0 
0 
0 

90 

90 
n 

0 

1 0  
1 0  

0 
0 
0 

n 
0 
0 

20 
0 

20 

1 PO 

I30 
I O  

2025 

30 

40 
IO 

0 
0 
0 

4140 

4lRO 
40 

0 
70 
70 

0 
0 
n 

0 
0 
0 

3060 
0 

30hO 

7230 
I?O 

7350 

2025 

1 0  
0 

1 0  

0 
0 
0 

1 no 
0 

I00 

0 
I n  
1 0  

0 
0 
0 

0 
0 
0 

20 

20 
n 

1 30 

140 
1 0  

2030 

30 

40 
IO 

0 
0 
0 

4870 

4970 
50 

0 
90 
90 

0 
0 
0 

0 
0 
n 

1700 
0 

3700 

a600 
150 

R750 

2030 

I O  
0 

I O  

0 
0 
0 

1 ? 0  
0 

I20 

0 
I O  
10 

0 
0 
0 

0 
0 
0 

30 
0 

30 

160 

170 
I n  

2035 

4 0  
10 
5 0  

0 
0 
0 

5740 
hO 

w n o  

0 
I no 
I no 

0 
0 
0 

0 
1 0  
I n  

4350 
n 

4350 

tn13n 
1 no 

1 0 3 1 0  

2035 

IO 
n 

1 0  

n 
0 
0 

1 4 0  
0 

I 40 

0 
10 
I O  

0 
0 
0 

0 
1 0  
10 

30 
0 

30 

I no 

zoo 
PO 

F-14 5 



TARLE P 9  CANAnA LAKF HURON WITHORAWAL WATER  LICE 

llSF / YEAR 

MUN LAKE 
HUN NUL-K 
MUN TOTL 

DOM L4KF 
noM Nnl K 
nnu ToTL 

MAN LAKE 
MAN N0I.K 
M A N  T n T L  

MIN  LAKE 

M l N  TOTL 
MIN  Nfl l  K 

S T Y  Nfll K 
5TK LAKE 

S T Y  TnTL 

IRP LAKE 
I R R  NOLK 
I R R  T n r L  

PWR LAKE 
PUR NOLK 
PIP TnTL 

T O T  LAKE 
T O T  NOLK 
T O T  TQTL 

1975 

h O  
5 0  

1 1 0  

0 
20 
20 

770 
330 

I lno  

0 
1 1 0  
110 

0 

30 
30 

0 
? O  
20 

980 

qno 
0 

le10 
Sh0 

2 3 7 0  

19no 

6 0  
h O  

1 2 0  

0 
?O 
2 0  

9-0 

13hO 
410 

0 
1 4 0  
140 

0 
40 
40 

0 
P O  
2 0  

2 8 7 0  
0 

P870 

J a n 0  
6 9 0  

4570 

1915 

b o  
7 0  

130 

0 
2 0  
T O  

1 1 9 0  
51 0 

1 7 0 0  

0 
170 
I70 

0 
40 
40 

0 
P O  
20 

4 7 h 0  
0 

4760 

b o 2 0  
820 

h 8 4 0  

1990 

no 

I 5 0  
7 0  

0 
30 
30 

1430 

2040 
6 1 0  

0 
2 1 0  
2 1 0  

0 
4 0  
4 0  

0 
20 
P O  

7 1 6 0  
0 

71hO 

8 6 7 0  
w o  

9 6 5 0  

1995 

no 

150 
7 0  

0 
30 
30 

1730 

2470 
7 4 0  

0 
260 
2 6 0  

0 
T O  
5 0  

0 
30 
3 0  

0 5 7 0  
0 

0 5 7 0  

1 1 3 ~ 0  
1 1 R O  

1 P5hO 

TARLF 30 CANADA LAKF HUPON CONSIIMPTIVF WATER l!SF 

IISF / YEAR 

MUN L4KE 
MUN NOLK 
HUN TQTL 

noM L A K E  

nnu T Q T L  
D O V  NO1 K 

MAN ILAKE 
MAN NOLK 
MAN TQTL 

MlN LAKE 
M I N  NflLK 
U I N  T O T L  

S T K  NOLK 
S T K  LAKE 

S T Y  TOTL 

IRP LAKE 
I R R  NQ1.K 
1 R D  TOTL 

PWR NO1 K 
PWR L4KE 

PWR TOTL 

T O T  L A K E  

T O T  TOTL 
T O T  NO1 K 

1975 

1 0  

? O  
1 0  

0 
10 
1 0  

40 

6 0  
20 

0 
0 
0 

0 
3 0  
30 

0 
? O  
P O  

1 0  
0 

1 0  

6 0  
90 

150 

19RO 

10 
10  
?O 

0 
1 0  
10 

T O  
P O  
7 0  

0 
0 
0 

0 
4 0  
40 

0 
20 
P O  

? O  
0 

P O  

l o o  
no 

180 

I 9 n 5  

1 0  

3 0  
10 

0 
1 0  
10 

h 0  

40 
30 

0 
0 
0 

0 
4 0  
40 

0 
20 
20 

40 
0 

40 

1 1 0  
1 1 0  
2 2 0  

1990 

1 0  
1 0  

P O  

0 
P O  
20 

no 

1 1 0  
30 

0 
0 
0 

0 
4 0  
40 

0 
2 0  
2 0  

5 0  
0 

5 0  

140 
I20 
2 6 0  

I995 

10 

P O  
10 

0 
2 0  
20 

I no 

140 
40 

0 
0 
0 

0 
50 
5 0  

0 
P O  
P O  

7 0  
0 

7 0  

I no 
1 4 0  
370 

C F S  

2000 

90 
R O  

170 

0 
30 
.3 0 

PO70 
890 

P 9 h 0  

0 
31 0 
3 1  0 

0 
5 0  
T O  

0 
30 
10 

I 1 9 7 0  
0 

I 1 9 7 0  

14130 

I 5 5 2 0  
1390 

C F S  

?on0 

10 
1 0  
30 

0 
P O  
P O  

I20 
5 0  

170 

0 
10  
10  

0 
T O  

0 
P O  
P O  

90 
0 

Q O  

220 

JnO 
1 hO 

PO05 

90 
no 

I 7 0  

0 
30 
30 

2400 
1 0 3 0  
3430 

0 

3 7 0  
370 

0 
5 0  
5 0  

0 
30 
30 

15650 
0 

I 5650 

18140 
1500 

19730 

?on5 

I O  

P O  
1 0  

0 
2 0  
P O  

140 
h 0  

2 0 0  

0 
1 0  
1 0  

0 
5 0  
5 0  

0 
P O  
2 0  

120 
0 

1PO 

2 7 0  
170 
4 4 0  

2010 

I n o  
90 

190 

0 
30 
30 

2 7 9 0  

3980 
1190 

0 

4 4 0  
440 

0 
BO 
60 

0 
30 
3 0  

19340 

19340 
0 

22230 
I n e 0  

2 4 0 7 0  

2 0 1 0  

20 

30 
10 

0 
2 0  
P O  

150 

2 4 0  
90 

0 
10  
1 0  

0 
h 0  
b o  

0 
30 
30 

1 S O  
0 

150 

3 2 0  

5 4 0  
2 P O  

P O 1  5 

1 1 0  
100 
2 1 0  

0 
30 
30 

3 2 4 0  

4b30 
1390 

0 
5 P O  
5 2 0  

0 
h 0  
h 0  

0 
4 0  
40 

2 3 0 2 0  
0 

2 3 0 2 0  

2 h 3 7 0  
2140 

2 8 5 1 0  

2 0 1 5  

20 
I O  
30 

0 
20 
20 

170 

290 
120 

0 
1 0  
1 0  

0 
6 0  
bo  

0 
30 
30 

I no 
0 

1 A 0  

370 

b20 
2 5 0  

P O 2 0  

IZO 
100 
2 2 0  

0 
30 
30 

37n0 

5400 
1620 

0 

b 2 0  
6 2 0  

0 
7 0  
7 0  

0 
4 0  
4 0  

3 1 2 4 0  
0 

3 1 2 4 0  

3 5 1 4 0  
?*no 

3 7 6 2 0  

2 0 2 0  

2 0  
20 

4 0  

0 
20 
2 0  

2 4 0  

3 4 0  
I00 

0 
10 
10 

0 
7 0  
7 0  

0 
30 
30 

2 4 0  
0 

2 4 0  

500 
2 5 0  
7 5 0  

2025 

130 
1 1 0  
240 

0 
4 0  
4 0  

4410 

6 3 0 0  
1890 

0 
7 4 0  
7 4 0  

0 
no 
no 

0 
4 0  
4 0  

394hO 
0 

3 9 4 6 0  

44000 
2900 

4 h 9 0 0  

2 0 2 5  

2 0  
20 
4 0  

0 
20 
20 

290 

4 1 0  
I20 

0 
1 0  
1 0  

0 
8 0  
R O  

0 
4 0  
4 0  

310 
0 

310 

6 2 0  
2 9 0  
91 0 

2 0 3 0  

140 
120 
2hO 

0 
4 0  
4 0  

51hO 
2 2 1 0  
7 3 7 0  

0 
ano 
nno 

0 
no 
no 

0 
5 0  
5 0  

47670 
0 

47670 

52970 
33RO 

56350 

2030 

2 0  
20 
4 0  

0 
20 
20 

350 

5 0 0  
I50 

0 
20 
20 

0 
no 
no 

0 
4 0  
4 0  

3 R 0  
0 

380 

7 5 0  
330 

I on0 

2035 

I 5 0  
130 
2 ~ 0  

0 
40 
4 0  

6 0 5 0  
2590 
ne40 

0 
1040 
1040 

0 
90 
90 

0 
5 0  
5 0  

55890 
0 

5 5 8 9 0  

6 2 0 9 0  
3940 

b h 0 3 0  

2035 

20 

4 0  
2 0  

0 
20 
20 

4 1 0  

590 
180 

0 

20 
20 

0 
90 
90 

0 
4 0  
4 0  

4 4 0  
0 

440 

a70 
290 

1240 

F-14 6 



T b R L F  31 C b N b n b   L A K E   F R l E   W I T Y O R b Y b L   W A T E R  llSF CFS 

I I S F  I Y F A R  1975 

Mllhl L b K E  
M V L l  NClLK 
M t I N  T f l T L  

DIJM Nfll K 
nUM L b K E  

n O M  T f l T L  
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