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W A T E R  R E S O U R C E S  

14 N o v e m b e r  1960 

C A P T .  G A L L A G H E R :  G e n e r a l  Mundy ,  G e n t l e m e n :  To d i s c u s s  

the  s u p p l y  a n d  d e m a n d  of w a t e r  in  the  p r e s e n t  a n d  in  the  f u t u r e ,  we have  

w i t h  us  t h i s  m o r n i n g  M r .  I r v i n g  Fox,  of R e s o u r c e s  fo r  the  F u t u r e ,  I n c o r -  

p o r a t e d .  

M r .  Fox ,  i t ' s  a p l e a s u r e  to i n t r o d u c e  you  to the  C l a s s  of 1961 of 

the  I n d u s t r i a l  C o l l e g e  of the  A r m e d  F o r c e s .  

M R .  FOX:  T h a n k  you,  C a p t a i n  G a l l a g h e r .  I t ' s  a p l e a s u r e  fo r  m e  

to be  h e r e ;  a n d  I m u s t  s a y  t h a t  I ' m  qui te  h o n o r e d  b y  s u c h  an  i l l u s t r i o u s  

a u d i e n c e .  I d i d n ' t  r e a l i z e  t h e r e  wou ld  be  qu i te  so  m a n y .  I have  h e a r d  

fo r  a n u m b e r  of y e a r s  abou t  the  p r o g r a m s  h e r e ,  bu t  t h i s  i s  the  f i r s t  t i m e  

I h a v e  had  an  o p p o r t u n i t y  to v i s i t  t h i s  g r o u p .  

I t h ink  t h a t  I ' l l  t ake  j u s t  a m i n u t e  of y o u r  t i m e  to t e l l  you  a few 

t h i n g s  abou t  R e s o u r c e s  fo r  the  F u t u r e .  I h a v e  a r r a n g e d  w i t h  C a p t a i n  

G a l l a g h e r  to  d i s t r i b u t e  s o m e  of o u r  l i t e r a t u r e - - a  b u l l e t i n  t h a t  we i s s u e r -  

a n d  a l s o  p e r m i t  you  to g e t  in  t o u c h  w i t h  us ,  i f  you  wi sh ,  to ge t  on o u r  

m a i l i n g  l i s t  a n d  r e c e i v e  s o m e  of o u r  i n f o r m a t i o n .  

R e s o u r c e s  fo r  the  F u t u r e  i s  a n o n - p r o f i t  o r g a n i z a t i o n ,  a f o u n d a t i o n  

t h a t  w a s  e s t a b l i s h e d  abou t  s e v e n  y e a r s  ago b y  the  F o r d  F o u n d a t i o n .  A l l  

of the  f i n a n c i n g  t h a t  R e s o u r c e s  fo r  the  F u t u r e  r e c e i v e s  c o m e s  f r o m  the 

F o r d  F o u n d a t i o n .  

We have  an  i n c o m e  of abou t  a m i l l i o n  d o l l a r s  a y e a r .  Rough ly ,  h a l f  

of  t h i s  m o n e y  i s  u s e d  to f i n a n c e  ou r  c e n t r a l  of f ice  s t a f f .  The  o t h e r  h a l f  



is used as grants to colleges and universities over the country. 

Our mission is research and education in the field of natural 

resources. We deal primarily, at least in the period of our history so 

far, with the social sciences--the application of the social sciences to 

natural resources. We have been primarily concerned over the last few 

years with the question of, you might say, the supply-demand outlook for 

natural resources--minerals, energy, land, water, and so forth. And 

it's from this sort of background that I speak to you today about water 

resources, and particularly water resources in the United States. 

Itm going to begin this by reading a little note that Abel Wallman, 

whom Itm sure many of you know or have heard of, brought to the atten- 

tion of a number of us some years back. It's a quotation from the Phila- 

delphia Monthly Magazine of 1798: 

"Pure water is the best drink for persons of all ages and 

temperaments. By its fluidity and mildness, it promotes a free 

and equable circulation of the blood and humors through all the 

vessels of the body, upon which the due performance of every 

animal function depends. And hence water drinkers are not only 

the most active and nimble, but also the most cheerful and springly 

of all people. But to delicate and cold constitutions, and to persons 

unaccustomed to it, water without wine is a very unproper drink." 

Before beginning, I want to make one other comment here, so that 

you  c a n  t a k e  w h a t  I s a y  w i t h  a n  a p p r o p r i a t e  g r a i n  of  s a l t ;  n a m e l y ,  I a m  

not  an  e n g i n e e r .  I a m  no t  in  a g o o d  p o s i t i o n  to  a n s w e r  q u e s t i o n s  in  the  
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f i e ld  of eng inee r i ng .  My i n t e r e s t  and e x p e r i e n c e  have been  p r i m a r i l y  

in what  you migh t  ca l l  the po l i cy  and e c o n o m i c  a s p e c t s  of wa t e r  deve lop-  

ment ;  and i t ' s  in tha t  a r e a  that  I hope, i f  a t  al l ,  tha t  I can m a k e  a c o n t r i -  

but ion.  

I 'm  going to begin  with a quota t ion  f r o m  a p r o m i n e n t  G o v e r n m e n t  

of f ic ia l ,  whom I wi l l  not  name;  but I th ink  i t  s e r v e s  to p rov ide  a se t t i ng  

for  the c o m m e n t s  tha t  I have  to m a k e  today.  Th i s  c o m m e n t  is  as  fol lows:  

"One of the m o s t  s e r i o u s  p o l i t i c a l  and s o c i a l  p r o b l e m s  of 

the next  twenty  y e a r s  m a y  be the u n i v e r s a l  c o n c e r n  of how to get  

good, f r e s h  wa te r  to m e e t  our  g rowing  demands .  It  i s  e s t i m a t e d  

tha t  the to t a l  a v e r a g e  f r e s h  w a t e r  supp ly  that  is  u sab l e  in  the Uni ted  

S ta tes  i s  about  515 b i l l i on  ga l lons  p e r  day.  We a r e  now us ing  about  

290 b i l l ion  ga l lons  a day for  a l l  p u r p o s e s ,  o r  about  55 p e r c e n t  of 

the to ta l  w a t e r  ava i l ab le°  P i c t u r e ,  i f  you wil l ,  the p r o b l e m s  we 

wi l l  face in 1980, which  is  jus t  20 y e a r s  hence ,  for  by tha t  t~ne  i t  

i s  e s t i m a t e d  that  we wi l l  be us ing  about  600 b i l l i on  ga l lons  pe r  day.  

It  d o e s n ' t  take m u c h  of a m a t h e m a t i c i a n  to f igure  out tha t  we wil l  

be s h o r t  about  85 b i l l i o n ,  ga l lons  of w a t e r  u n l e s s  t o t a l l y  new s o u r c e s  

of supply  can be developed° The m o s t  l i ke ly  s o u r c e s ,  obvious ly ,  

a r e  t h e .  e a t .  oceans  and the v a s t  r e s e r v e s  of b r a c k i s h  and s a l i ne  

water." 

This, I believe, is a very popularly and widely held view of the 

nature of the water problem in the United States; and. in my judgment, 

it is a misleading and inaccurate view of the situation that we face in the 
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w a t e r  r e s o u r c e s  f i e ld .  One of the  m a j o r  o b j e c t i v e s  of m y  l e c t u r e  t h i s  

m o r n i n g  i s  to  g ive  you  w h a t  I hope  i s  a m o r e  a c c u r a t e  u n d e r s t a n d i n g  of 

the  w a t e r  s i t u a t i o n  in  the  U n i t e d  S t a t e s .  S p e c i f i c a l l y  I hope  to  do the  

fo l l owing :  

F i r s t ,  I wou ld  l ike  to  p r o v i d e  a g e n e r a l  p i c t u r e  of w a t e r  u s e  in  

the  U n i t e d  S t a t e s  in  r e c e n t  y e a r s .  

S e c o n d l y ,  I would  l ike  to d e s c r i b e  to the  b e s t  of, I t h ink ,  o u r  c u r r e n t  

i n f o r m a t i o n ,  a s  f a r  a s  o u r  c u r r e n t  i n f o r m a t i o n  w i l l  p e r m i t ,  the  w a t e r  

s u p p l y  d e m a n d  ou t look .  A n d  in  t h a t  p r e s e n t a t i o n  I hope to c o n t r a s t  the  

s i t u a t i o n  in  the  a r i d  and  h u m i d  r e g i o n s .  

T h i r d l y ,  I hope to ou t l ine  r a t h e r  b r o a d l y  the  n a t u r e  of  the  w a t e r  

d e v e l o p m e n t  a n d  m a n a g e m e n t  p r o b l e m  c o n f r o n t i n g  u s  in  the  n e x t  coup le  of 
d e c a d e s .  

T h i s  i s  a d i f f i c u l t  a n d  a r i s k y  t a s k .  I t  i s  d i f f i c u l t  b e c a u s e  I a m  

t r y i n g  to  c o v e r  a lot  of g r o u n d  w h e n  t a l k i n g  abou t  the  w a t e r  s i t u a t i o n  in  

the  U n i t e d  S t a t e s  a s  a who le .  I t ' s  r i s k y  b e c a u s e  w a t e r  p r o b l e m s  a r e  l o c a l i z e d .  

When  I s p e a k  in  g e n e r a l  t e r m s ,  a l m o s t  e v e r y o n e  c a n  p r o v i d e  i n f o r m a t i o n  

on s p e c i f i c  l o c a l i t i e s  t h a t  w i l l  d e m o n s t r a t e  t h a t  I a m  in  e r r o r .  A l s o  

m u c h  of the  da t a  one wou ld  r e q u i r e  fo r  the  type  of a n a l y s i s  I w i s h  to  

p r e s e n t  i s  d e f i c i e n t .  

F i r s t ,  w h e n  we t a l k  abou t  w a t e r  u s e  in  the  U n i t e d  S t a t e s ,  we r u n  

in to  a p r o b l e m  of d e f i n i n g  u s e .  W h e n  we s p e a k  of w a t e r  u s e  fo r  i r r i -  

ga t i on ,  we m e a n  one t h i n g .  When  we s p e a k  of w a t e r  u s e  fo r  r e c r e a t i o n ,  

we m e a n  s o m e t h i n g  qu i te  d i f f e r e n t .  D o m e s t i c  u s e  i s  s t i l l  a d i f f e r e n t  

k e t t l e  of f i s h .  N a v i g a t i o n  i s  s t i l l  s o m e t h i n g  e l s e .  H y d r o e l e c t r i c  p o w e r  
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p r o d u c t i o n  i s  d i f f e r e n t  f r e m  any  of  t h e s e .  

A l t h o u g h  t h e s e  u s e s  m a k e  i n c o m p a t i b l e  d e m a n d s  upon  the  s a m e  

supp ly ,  how can  t h e y  be  a g g r e g a t e d  i n  a m e a n i n g f u l  w a y ?  How can  w e  

put  t o g e t h e r  a t o t a l  p i c t u r e  of t he  w a t e r  s u p p l y  and  d e m a n d  s i t u a t i o n  ? 

T h i s  p r o b l e m  i s  f u r t h e r  c o m p l i c a t e d  by  the  f a c t  tha t  we have  v e r y  

l i t t l e  h i s t o r i c a l  da t a  on w a t e r  u s e  in  t h i s  c o u n t r y .  A c t u a l l y ,  the  e s t i m a t e s  

t h a t  a r e  of any  r e a l  va lue  b e g i n  in  1950. T h e r e  had  b e e n  s o m e  e a r l y  

e s t i m a t e s ,  r u n n i n g  b a c k  to 1900; but  t h e s e  a r e ,  I th ink ,  of q u e s t i o n a b l e  m e r i t .  

B e c a u s e  of t h e s e  p r o b l e m s ,  i t  i s  i m p r a c t i c a b l e  t o  s e t  f o r t h  a r i g o r -  

o u s l y  d e f i n e d  s t a t e m e n t  of  u s e ,  e v e n  fo r  r e c e n t  y e a r s .  We have  h o p e - -  

an d  th i s ,  I b e l i e v e ,  i s  b a s e d  upon  r e c e n t  s t u d i e s  t ha t  a r e  now in  p r o c e s s  

and  w e l l  a l o n g - - t h a t  w i t h i n  a few y e a r s  we w i l l  be  ab l e  to add  up 

w a t e r  u s e  a n d  r e l a t e  i t  to s u p p l y  in  a m e a n i n g f u l  way.  

F o r  the  m o m e n t ,  h o w e v e r ,  

you  m i g h t  c a l l  i n d i c a t o r s  of  u s e .  

we m u s t  c o n t e n t  o u r s e l v e s  w i t h  wha t  

And  th i s ,  I b e l i e v e ,  i s  one  of the  e r r o r s  

in  the  s t a t e m e n t  t ha t  I h a v e  r e a d  to you.  

c o n s i d e r e d  tha t  a s  t h e  a c t u a l  u s e  of  w a t e r .  

u s e d  w h e n  i t  was  r e a l l y  w a t e r  w i t h d r a w n .  

It took  i n d i c a t o r s  of u s e  and  

We w e r e  t a l k i n g  abou t  w a t e r  

And, as all of you know, much 

of the w a t e r  t h a t  i s  w i t h d r a w n  i s  r e t u r n e d  to the  w a t e r  . c o u r s e  and  i s  

s u b j e c t  to r e u s e .  

Now, m o s t  of the  da ta  on w a t e r  u s e  r e l a t e  to w i t h d r a w a l s  f r o m  

u n d e r g r o u n d  a n d  s u r f a c e  s o u r c e s .  Such da ta  can  be  m i s l e a d i n g ,  b e c a u s e  

m o s t  w a t e r  w i t h d r a w n  i s  a c t u a l l y  r e t u r n e d  and  a v a i l a b l e  fo r  r e - u s e ,  a s  

I s u g g e s t e d .  I w i l l  g ive  you s o m e  i n d i c a t i o n  of ,what t h e s e  p r o p o r t i o n s  
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are. 

F o r  i r r i g a t i o n ,  r o u g h l y  h a l f  of  the  w a t e r - - t h i s  w i l l  v a r y  f r o m  a 

t h i r d  to  n e a r l y  t w o - t h i r d s - - r o u g h l y  ha l f  of the  w a t e r  i s  r e t u r n  flow, a s  

we u s e  t he  t e r m  in the  w e s t e r n  s t a t e s .  And,  a s  a l l  of  you  know, I a m  

s u r e ,  a t  l e a s t  m a n y  of you  do, t ha t  r e t u r n  f low i s  a l w a y s  t a k e n  in to  

a c c o u n t  in  c a l c u l a t i n g  the  a v a i l a b i l i t y  of w a t e r  fo r  w e s t e r n  i r r i g a t i o n  

p r o j e c t s .  

When  w a t e r  i s  u s e d  fo r  s t e a m  e l e c t r i c  p o w e r  cool ing°  r o u g h l y  
of i t  

98 p e r c e n t / i s  r e t u r n e d  to  the  w a t e r  c o u r s e .  F o r  m o s t  i n d u s t r i a l  p u r -  

p o s e s  abou t  90 p e r c e n t  of  the  w a t e r  i s  r e t u r n e d  to the  s t r e a m .  F o r  m o s t  

d o m e s t i c  u s e s  abou t  90 p e r c e n t  of the  w a t e r  i s  r e t u r n e d ,  a l t h o u g h  t h i s  

v a r i e s  f r o m  w e s t  to e a s t ,  d e p e n d i n g  upon how m u c h  of i t  i s  u s e d  for  

l awn  w a t e r i n g ,  in  o t h e r  w o r d s ,  i r r i g a t i o n  p u r p o s e s  b y  the h o u s e h o l d e r .  

L e t  u s  t u r n  now b r i e f l y  to wha t  t h e s e  q u a n t i t i e s  a r e .  I wan t  to 

r e m i n d  you  f i r s t  t h a t  in  the  U n i t e d  S t a t e s ,  a v e r a g e  a n n u a l  r u n o f f  r u n s  

abou t  1100 b i l l i o n  g a l l o n s  a day .  Today ,  o r  in  the  m o s t  r e c e n t  da ta  t h a t  

we have ,  u s i n g  1955 da ta  b e c a u s e  t h e s e  a r e  the  m o s t  r e c e n t  e s t i m a t e s  

t h a t  a r e  a v a i l a b l e - - i n  1955 i t  w a s  e s t i m a t e d  t ha t  i r r i g a t i o n  u s e d  o r  w i t h -  

d r e w  f r o m  w a t e r c o u r s e s  abou t  110 b i l l i o n  g a l l o n s  a day;  fo r  m u n i c i p a l  

u s e s  abou t  19 b i l l i o n  g a l l o n s  a day;  fue l  e l e c t r i c  p o w e r  60 b i l l i o n  g a l l o n s  

a day;  a n d  fo r  o t h e r  i n d u s t r i a l  p u r p o s e s  r o u g h l y  32 b i l l i o n  g a l l o n s  a day .  

I h a v e  put  s o m e  of t h e s e  f i g u r e s  o v e r  h e r e  ( i n d i c a t i n g  e a s e l ) ,  to 

g ive  you  s o m e  of t h e s e  r e l a t i o n s h i p s .  T h i s  i s  i r r i g a t i o n .  H e r e  i s  fue l  

p o w e r .  H e r e  i s  i n d u s t r i a l .  H e r e  i s  m u n i c i p a l .  You c a n  s e e  t ha t  
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irrigation, which is water used in the arid regions of the country, is 

the heaviest water user if you measure in terms of withdrawal. Fuel 

power comes next, industrial next, and municipal here. 

In other words, in 1955 we were withdrawing from watercuurses 

something over 220 billion gallons per day for all purposes, which, as 

you can readily see, is about a fifth of the average annual runoff of the 

United States. 

Now, there is another figure that is interesting here. Net consump- 

tion, or evaporation and transpiration to the atmosphere, was consider- 

ably less. It has been calculated by a former member of this body in an 

earlier program that about 72 biLLion gallons of water was the net con- 

sumption in 1955~ compared with, you might say, an averag~nnual runoff 

of 1100 billion gal lons  a day. 

There is one other interesting figure here that I think you should have 

in mind--that of this net consumption of about 70 billion gallons a day, 

roughly 50 billion gallons were consumed by irrigation. In other words, 

in terms of both withdrawals and net consumption or evaporation and trans- 

piration to the atmosphere, irrigation, which takes place in the western 

part of the country where the water supplies are most deficient, uses 

the most water. 

In order to illustrate this geographically, I have set up here a map 

which shows the average annual runoff by the major basins in a graph form. 

It shows withdrawals and net consumption. I want to cite a few of those 

figures here (walking over to map). 
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H e r e  we t ake  the S o u t h e a s t e r n  Uni ted  S t a t e s .  

of a v e r a g e  annua l  runof f  h e r e ,  in th i s  g r e e n  l ine .  

the w i t h d r a w a l s  f r o m  w a t e r c o u r s e s  in  th i s  a r e a .  

b lack  l ine  down h e r e  i l l u s t r a t e s  ne t  consumpt ion .  

N o r t h e a s t  h e r e  you find th i s  m u c h  runoff ,  

t h i s  m u c h  ne t  consumpt ion .  

A very large amount 

The orange shows 

And a little narrow 

Even in the industrial 

this much withdrawal, and 

Over  h e r e  in  the  Wes t  I th ink  you beg in  to s ee  how the p i c t u r e  

c h a n g e s .  And I use  the  Co lo rado  R i v e r  Bas in ,  the  G r e a t  B a s i n  a r e a ,  

to i l l u s t r a t e  th i s  m o s t  s h a r p l y .  Here  you have  the g r e e n  l ine  a c t u a l l y  

t e s s  than  the to ta l  w i thd rawa l ,  which  i l l u s t r a t e s  m y  point  about,  f i r s t ,  

r e t u r n i n g  flow, and  in th i s  p a r t i c u l a r  c a s e  t h e r e  i s  an o v e r - u s e  or  

w i t h d r a w a l  f rom the g round  w a t e r  a r e a  down in A r i z o n a  tha t  e x c e e d s  the 

r a t e  of r e c h a r g e .  So h e r e  you have ne t  consumpt ion  n e a r l y ,  wel l ,  r o u g h l y  

two- th i rd t s  of a v e r a g e  annua l  runof f  in tha t  p a r t i c u l a r  p a r t  o f  the c oun t r y .  

Now, th i s  i s  only  p a r t  of the w a t e r  p i c t u r e .  T h e r e  a r e ,  of c o u r s e ,  

o the r  k inds  of u s e s .  And, as  I s a i d  e a r l i e r ,  i t  i s  e x t r e m e l y  d i f f icu l t  

to p rov ide  d a t a  on t he se  u s e s  tha t  can  be added  to w i t h d r a w a l s  or  to ne t  

consumpt ion  date .  And to go into th i s  p r o b l e m  I would l i k e  to tu rn  to 

the  s econd  m a j o r  p a r t  of m y  l e c t u r e  t h i s  m o r n i n g ,  and tha t  i s  wi th  r e g a r d  

to the s u p p l y - d e m a n d  out look.  

I th ink  tha t  the b e s t  work  tha t  has  been  done on the p r o b l e m  of 

a g g r e g a t i n g  u se  in a m e a n i n g f u l  way and  c o m p a r i n g  i t  wi th  supp ly  i s  the 

work  tha t  has  been  i n i t i a t e d  by a n u m b e r  of us ,  i nc lud ing  R e s o u r c e s  for  

the  F u t u r e ,  in c o l l a b o r a t i o n  with  a n u m b e r  of the F e d e r a l  a g e n c i e s ,  for  
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the Senate  Se lec t  C o m m i t t e e  on Na t iona l  Wa te r  R e s o u r c e s .  I u n d e r s t a n d  

tha t  you a r e  a c q u a i n t e d  wi th  the  work  tha t  the Senate  Se lec t  C o m m i t t e e  

has  been  doing; tha t  you a r e  f a m i l i a r  wi th  the m a n y  r e p o r t s  tha t  the com-  

m i t t e e  has  s p o n s o r e d .  

I would Like to d raw your  a t t en t ion  in p a r t i c u l a r  to C o m m i t t e e  

P r i n t  No. 32, which  i s  be ing  i s s u e d  about  the m i d d l e  of D e c e m b e r ,  and 

which  i s  not ye t  a v a i l a b l e .  Th i s  s tudy  was  unde r  the l e a d e r s h i p  of D r .  

N a t h a n i a l  Wa l lman ,  of the U n i v e r s i t y  of New Mexico,  whom we b r o u g h t  

in  h e r e  to i n i t i a t e  a s tudy  of w a t e r  r e s o u r c e s  s u p p l y - d e m a n d  out look in 

the Uni ted  S t a t e s .  He had j u s t  got ten  u n d e r  way  in l ay ing  out the  s tudy  

when the Senate  Se lec t  C o m m i t t e e  a p p r o a c h e d  us  and a s k e d  i f  we would 

c o l l a b o r a t e  wi th  t h e m .  By  th i s  t ime  we r e c o g n i z e d  the d i m e n s i o n s  of 

the p r o b l e m  and i n q u i r e d  as  to w h e t h e r  the Senate  Se l ec t  C o m m i t t e e  would 

help  s e c u r e  the c o l l a b o r a t i o n  of the F e d e r a l  a g e n c i e s  in  what  we c ons id -  

e r e d  a v e r y  l a r g e - s c a l e  e f fo r t .  Th i s  was  done.  

duced so f a r  i s  a r e p o r t  tha t  r e f l e c t s  the  e f fo r t  

So what  has  been  p r o -  

of a l a r g e  n u m b e r  of 

people  in  the G o v e r n m e n t  a g e n c i e s ,  o p e r a t i n g  g e n e r a l l y  unde r  the c h a i r -  

m a n s h i p  or  l e a d e r s h i p  of D r .  Wa l lman ,  of the U n i v e r s i t y  of New Mexico ,  

whom we b rough t  to Wash ing ton  for  the p u r p o s e .  

What  he has  p r e p a r e d  i s  c a l l e d  "A P r e l i m i n a r y  R e p o r t "  and I would 

l ike to e m p h a s i z e  and  u n d e r s c o r e  the word  " p r e l i m i n a r y ,  " b e c a u s e  the 

work  i s  f a r  f rom c o m p l e t e .  I t  does  beg in  to p o r t r a y ,  I think,  a v e r y  

i n t e r e s t i n g  and wor thwhi l e  p i c tu r e ;  but  t h e r e  i s  m u c h  work  ye t  to be done, 

and  we have  p r o v i d e d  a g r a n t  to the U n i v e r s i t y  of New Mexico  now to 
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c o n t i n u e  t h e s e  s t u d i e s  fo r  two  y e a r s  in to  the  f u g u r e .  

D r .  W a l l m a n  ha s  c l a s s i f i e d  the  w a t e r  u s e  in to  t h r e e  b r o a d  c a t e g o r -  

i e s .  T h e s e  a r e  the  w i t h d r a w a l  u s e s ,  w h i c h  we have  b e e n  d i s c u s s i n g  h e r e  

so  f a r  t h i s  m o r n i n g ;  s e c o n d l y ,  the  o n - s i t e  u s e s ,  w h i c h  r e f e r  to w a t e r  

r e q u i r e d  fo r  the  m a i n t e n a n c e  of we t  land,  f o r  the  c o n s e r v a t i o n  of s o i l s ,  

and  t h i n g s  of  t h a t  k ind .  In o t h e r  w o r d s ,  i t ' s  w h e r e  w a t e r  a c t u a l l y  i s  h e l d  

and  i s  e v a p o r a t e d  o r  t r a n s p i r e d  in  the  p r o c e s s  of  s e r v i n g  a p a r t i c u l a r  

f unc t i on  on the  land,  fo r  t he  m o s t  p a r t .  Th i s  m a y  no t  s e e m  v e r y  i m p o r -  
soil 

t au t  to y o u .  Yet ,  a s  we look  ahead ,  we can  s e e  t h a t / c o n s e r v a t i o n  p r o -  

g r a m s  w i l l  u s e  s o m e w h a t  m o r e  w a t e r  a s  t h e s e  p r o g r a m s  p r o g r e s s .  And,  

s e c o n d l y ,  t h e r e  i s  a g r e a t  d e a l  of  i n t e r e s t  in  t h i s  c o u n t r y ,  w i th  the  g r o w t h  

of d e m a n d  fo r  o u t d o o r  r e c r e a t i o n ,  t ha t  we m a i n t a i n  a c e r t a i n  a m o u n t  of  

s w a m p s  and  we t  l a n d s  fo r  the  p r e s e r v a t i o n  of  w i l d  l i fe .  And,  aga in ,  i t t s  

a m a z i n g  to s e e  how m u c h  w a t e r  th i s  w i l l  r e q u i r e  i f  the  p r o g r a m s  t a k e  

on the  d i m e n s i o n s  now e s t i m a t e d  by the  a g e n c i e s  i n t e r e s t e d  in  t h o s e  

p a r t i c u l a r  p r o g r a m s .  

The  f i r s t  g r o u p  was  the  w i t h d r a w a l  u s e s .  The  s e c o n d  we c a l l e d  

the  o n - s i t e  u s e s .  The  t h i r d  a r e  wha t  a r e  c a l l e d  the  f low u s e s .  T h e s e  

a r e  n a v i g a t i o n ,  p o w e r ,  w a s t e  d i s p o s a l  o r  w a s t e  c a r r y i n g  o r  po l lu t ion ,  

i f  you wi l l ,  and  r e c r e a t i o n .  And  w h e n  I r e f e r r e d  to p o w e r ,  I was  r e f e r -  

r i n g  to h y d r o e l e c t r i c  p o w e r .  

Now, wha t  Dr .  W a l l m a n  and  h i s  a s s o c i a t e s  f i n a l l y  d id  h e r e  was  to 

s a y  tha t  the  to t a l  w a t e r  d e m a n d  fo r  a r e g i o n  can  be  e x p r e s s e d  in  t e r m s  

of the  m i n i m u m  f low of a s t r e a m  o r  s t r e a m s  r e q u i r e d  by the  f low u s e  
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tha t  has  to have the l a r g e s t  flow, p lus  e v a p o r a t i o n  and t r a n s p i r a t i o n  

l o s s e s  for  the  o n - s i t e  u s e s  and the w i t h d r a w a l  u s e s .  Le t  me  exp la in  t h i s  

a l i t t l e  f u r t h e r ,  b e c a u s e  I th ink  th i s  concep t  i s  r a t h e r  c o m p l i c a t e d .  

In o the r  words ,  l e t ' s  t ake  j u s t  two or  t h r e e  of t h e s e .  You take  a 

b a s i n  l ike  the Ohio.  You have  to have  w a t e r  for ,  l e t ' s  say ,  n a v i g a t i o n  

and t h e  po l lu t ion  a b a t e m e n t .  The one of those  tha t  r e q u i r e s  the  m o s t  

g ives  you a c e r t a i n  f igure ,  a ~ e r t a i n  n u m b e r  of s e c o n d - f e e t ,  o r  b i l l i on  

ga l lons  a day, howeve r  you w i sh  to e x p r e s s  i t .  Take  the l a r g e s t  of t hose  

two and add i t  to the e v a p o r a t i o n  and t r a n s p i r a t i o n  l o s s e s  for  the wi th-  

d r a w a l  u s e s ,  which  we have d e s c r i b e d  e a r l i e r ,  and  the o n - s i t e  u s e s - -  

the  c o n s e r v a t i o n ,  wet  l ands ,  and so f o r t h - - a n d  th i s  wi l l  p rov ide  you with  

the e s t i m a t e  of the  d e m a n d - - t h e  combined  e s t i m a t e  of demand  upon the 

w a t e r  r e s o u r c e s  of the r eg ion .  

Now, in  p r o c e e d i n g  wi th  th i s  s tudy,  he i m m e d i a t e l y  r a n  up a g a i n s t  

the ques t ion  as  to what  i s  the a p p r o p r i a t e  amoun t  of w a t e r  r e q u i r e d  for  

pol lu t ion  a b a t e m e n t  or  was t e  d i lu t ion or  w h a t e v e r  you w i sh  to ca l l  i t .  

He re  t h e y  m a d e  a quite f undamen ta l  a s s u m p t i o n  tha t  c o l o r s  and d e t e r -  

m i n e s  m u c h  of the r e s t  of the output  of the s tudy .  

T h e y  a s s u m e d  tha t  r e a s o n a b l y  c l ean  wa t e r ,  wi th  adequa te  oxygen 

to m a i n t a i n  aqua t ic  l i fe ,  i s  an  ob jec t ive  of na t i ona l  po l i cy .  And, to be 

m o r e  spec i f i c ,  t hey  a s s u m e d  tha t  w a t e r  shou ld  be m a i n t a i n e d  to a v e r a g e  

a m i n i m u m  oxygen content  of four  p a r t s  p e r  m i l l i o n .  Tha t  i s  on the 

a v e r a g e .  They  a s s u m e d  tha t  s o m e  p l a c e s  wi l l  be l e s s ,  and t h e r e f o r e  

p r o b a b l y  canno t  m a i n t a i n  aqua t ic  l ife;  but tha t  on the a v e r a g e  ove r  the 
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r e g i o n  t h e r e  would be some  a r e a s  that  would m a i n t a i n  b e t t e r  supp l i e s  

than  th i s .  

Now, t h e  s tudy  i nd i ca t ed  tha t  to a c c o m p l i s h  th i s  ob jec t ive ,  even  

wi th  a h igh degree  of t r e a t m e n t ,  but  a s s u m i n g  no change in p r e s e n t  was te  

t r e a t m e n t  t echnology ,  a f a i r l y  s u b s t a n t i a l  quant i ty  of d i lu t ion  w a t e r  would 

be r e q u i r e d  in a l l  r e g i o n s .  

On the b a s i s  of a p r o c e d u r e  dev i sed  by P r o f e s s o r  George  Reed, of 

Oklahoma,  i t  was pos s ib l e  to ca l cu l a t e  d i lu t ion wa t e r  r e q u i r e m e n t s  by 

r e g i o n s  for  v a r i o u s  l eve l s  of o rgan ic  po l lu t ion .  The s tud i e s  i n d i c a t e - -  

and th is  i s  a c r u c i a l  p o i n t - - t h a t  in p r a c t i c a l ~ a l l  r e g i o n s  in the fu ture ,  

was te  d i lu t ion  demand,  b a s e d  upon this  a s s u m e d  d e s i r a b i l i t y  of four  

p a r t s  pe r  m i l l i o n  of oxygen, would be v e r y  l a r g e .  

F u r t h e r ,  i f  th i s  demand  for  was te  d i lu t ion  w a t e r  i s  me t ,  the o the r  

few flow u s e s - - n a v i g a t i o n ,  e tc .  - - w o u l d  be, for  the m o s t  part°  s a t i s f i e d .  

In o the r  words ,  was te  d i lu t ion  r e q u i r e m e n t s  b e c a m e  one c r u c i a l  p a r t  

of th is  f o r m u l a .  

Well ,  so m u c h  for  the g e n e r a l  p r o c e d u r e  of e s t i m a t i n g  the r e q u i r e -  

m e n t s .  I want  to go back  ju s t  a l i t t le  f u r t h e r .  

They  were  t a lk ing  about  1980 and 2000, as  I th ink  m o s t  of you know 

f r o m  looking a t  the Senate  Se lec t  C o m m i t t e e  document .  We had  made  

p r o j e c t i o n s  of e c o n o m i c  g rowth  a t  R e s o u r c e s  for  the Fu tu re  for  a n o t h e r  

l a r g e - s c a l e  s tudy  tha t  we have unde r  way.  These  were  ba s i c  to the 

p r o j e c t i o n s  of wa t e r  r equ i r emen t s~  and the p r o j e c t i o n s  of na t i ona l  g rowth  

fo r  the v a r i o u s  componen t s  of the n a t i o n a l  e c o n o m y  w e r e  b r o k e n  down 
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by r eg ions ,  by wa t e r  r e s o u r c e s  r e g i o n s  ove r  the coun t ry .  Aga ins t  these  

were  app l i ed  coe f f i c i en t s  of wa t e r  use ,  and f rom these ,  f i gu re s  we re  

d e r i v e d  i nd i ca t i ng  the amoun t  of wa t e r  tha t  would be r e q u i r e d  g e n e r a l l y  

in  e ach  r eg ion .  

In o the r  words ,  they  p r o j e c t e d  the a m o u n t  of w a t e r  tha t  would be 

r e q u i r e d  by the s t e e l  i n d u s t r y  for  cool ing  p u r p o s e s  wi th in  s u c h - a n d - s u c h  

a r eg ion ,  the amoun t  r e q u i r e d  for  fuel  e l e c t r i c  power  p u r p o s e s ,  and so 

on. And, b a s e d  upon the to t a l  c o m p o s i t i o n  of the population~and~ indus -  

t r y  wi th in  the reg ion ,  they  d e r i v e d  e s t i m a t e s  of was te  w a t e r  d i lu t ion  

r e q u i r e m e n t s  wi th in  tha t  r eg ion .  

I want  to e m p h a s i z e  again  tha t  these  e s t i m a t e s  tha t  come ou t - -  

and I ' m  going to give you s o m e  of t hese  in jus t  a m o m e n t - - a r e  s t i l l ,  

you  migh t  say,  of l i m i t e d  value ,  b e c a u s e  they  a r e  f a i r l y  e a r l y  in the s tage  

of the r e s e a r c h  e f fo r t .  

I th ink  t h e r e  a r e  two ba s i c  l i m i t a t i o n s  of the s tudy  at  the p r e s e n t  

s tage ,  and these  a r e  l i m i t a t i o n s  tha t  we would hope to r e m e d y  in the y e a r s  

ahead .  

F i r s t  of a l l ,  i t  a s s u m e s  , the e s t i m a t e s  a s s u m e ,  no change in 

was te  t r e a t m e n t  t echno logy .  And th is ,  of cou r se ,  as  I th ink  a l l  of us  wi l l  

ag r ee ,  ix an un l i ke ly  a s s u m p t i o n .  In o the r  words ,  we shou ld  expec t  

i m p r o v e m e n t s  in was te  t r e a t m e n t  t e chno logy  in the y e a r s  ahead  in v iew of 

its significance. 

Secondly, there is not built into this an estimate of the effect of 

price or cost of water upon demand, We all know that as the price of 
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w a t e r  i n c r e a s e s ,  the  demand  for  w a t e r  d e c l i n e s .  But t h e s e  e s t i m a t e s  

a s s u m e  that  p r i c e s  and cos t s  of w a t e r  wi l l  be r o u g h l y  the s a m e  over  the 

next  f o r t y  y e a r s ;  and th i s  a l so  s e e m s  to be an u n l i k e l y  a s s u m p t i o n .  

N e v e r t h e l e s s ,  I t h ink  the e s t i m a t e s ,  even in  p r e l i m i n a r y  fo rm,  a r e  

i n d i c a t i v e  and helpful  in  u n d e r s t a n d i n g  what  we a r e  up a g a i n ~ i n  the y e a r s  

ahead .  

Le t  me  give you f i r s t  dome f i g u r e s  on the na t i ona l  a g g r e g a t e .  I a m  

going to keep t he se  to a m i n i m u m ,  b e c a u s e  you can get  t h e s e  da ta  out of the 

Senate  Se l ec t  C o m m i t t e e  r e p o r t  a s  soon as  i t  i s  a v a i l a b l e .  We wi l l  dupl i -  

cate  s o m e  of the m a t e r i a l  f r o m  the se  s t a t i s t i c s ,  and I wi l l  a r r a n g e  wi th  

Cap ta in  G a l l a g h e r  to m a k e  th i s  a v a i l a b l e  to e a c h  of you.  F i r s t ,  the na t -  
t o  

i ona l  a g g r e g a t e ,  We look/~1980. L e t  me  show you what  the c o m p o s i t i o n  

of th i s  demand  i s  in  1980. 

The l o s s e s  f rom w i t h d r a w a l s  a r e  expec t ed  to be r o u g h l y  1~0 b i l l i on  

ga l lons  a day in  1980. Th i s  i s  the e v a p o r a t i o n - t r a n s p i r a t i o n  l o s s e s  f r o m  

i r r i g a t i o n  and so for th .  The o n - s i t e  l o s s e s - - t h i s  i s  the c o n s e r v a t i o n ,  

wet  lands ,  and so o n - - w i l l  be about  70 b i l l i on  ga l lons  a day.  But the 

was t e  d i lu t ion  f lows . re~luired in  1980 wi l l  be 332 b i l l i on  ga l lons  a day.  

In o the r  words ,  the  w a t e r  r e q u i r e d  for  was t e  d i lu t ion  wi l l  be r o u g h l y  

60 p e r c e n t  of the to ta l  w a t e r  r e q u i r e m e n t  for  a l l  p u r p o s e s  in  1980. 

Looking  to 2000, you get  f i g u r e s  l ike  th i s :  Th i s  i s  aga in  n a t i o n a l  

a g g r e g a t e s .  You get  156 b i l l i on  ga l lons  a day  a s  the e v a p o r a t i o n  and 

t r a n s p i r a t i o n  l o s s e s  for  w i t h d r a w a l  in 2000, 9"/ b i l l i on  ga l lons  a day for  

l o s s e s  f r o m  the o n - s i t e  u s e s ,  was t e  d i lu t ion f lows 447 b i l l i on  ga l lons  a 
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day.  Again,  a l l  of th is  i s  looking toward  the m a i n t e n a n c e  of a qua l i ty  

of w a t e r  of four  p a r t s  p e r  m i l l i o n .  

To t roub le  y o u - - a n d  I h e s i t a t e  to do t h i s - - I  would l ike to c o n t r a s t  

what  we run  in to  in the Wes t  in  c o m p a r i s o n  wi th  the E a s t .  

Le t  us take New E n g l a n d - - a n d  I wi l l  l i m i t  t he se  f i gu re s  to 1980 

b e c a u s e  I don ' t  want  to give you t o o m a n y .  I know how they  jus t  b e c o m e  a 

bunch of f igu res  and lose  aU t h e i r  m e a n i n g .  In 1980, to m e e t  the wi th-  

d r awa l  r e q u i r e m e n t s ,  we wi l l  need  about  7/10th of a b i l l i on  ga l lons  a d a y - -  

th i s  i s  New England;  for  the o n - s i t e  u s e s - - c o n s e r v a t i o n  e t c . - - I .  4 b i l l i on  

ga l lons  a day; was te  d i lu t ion  12.7. 

Now, h e r e  th i s  to ta l s  about  14 b i l l i on  ga l lons  a day in New England;  

and the a v e r a g e  flow tha t  i s  ava i l ab le ,  i f  i t  i s  c o n t r o l l e d  and r e g u l a t e d  

t h rough  the c o n s t r u c t i o n  of r e s e r v o i r s ,  amoun t s  to about  65. In o the r  

words ,  in th is  a r e a  you have about  65 b i l l i on  ga l lons  a day, with a p r o -  

j e c t ed  demand  in 1989 of l e s s  than  15 b i l l i on  ga l lons  ~day. Or,  in o the r  

words ,  the demand  wi l l  be l e s s  than 25 p e r c e n t  of t he  flow, even  though we a r e  

c o n s i d e r i n g  a v e r y  l a r g e  demand  for  was te  d i lu t ion  p u r p o s e s .  

This  i s  New England,  and I th ink  th is  r e f l e c t s  the kind of s i t ua t i on  

tha t  we have in m u c h  of the e a s t e r n  p a r t  of the Uni ted  Sta tes ,  v a r y i n g  

s o m e w h a t  f rom the h igh ly  i n d u s t r i a l i z e d  a r e a s  to the  l e s s  i n d u s t r i a l i z e d  

a r e a s .  We have p len ty  of wa te r ,  and t h e r e  i s  not,  that  we can f o r e s e e ,  

any  s e r i o u s  p r o b l e m  p rov ided  e i t h e r  the r e g u l a t i o n  is  supp l ied  t h rough  

the c o n s t r u c t i o n  of r e s e r v o i r s ,  o r  we find a was te  t r e a t m e n t  t echno logy  

tha t  r e d u c e s  th i s  demand  upon the wa t e r .  
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Inc iden t a l l y ,  we f igu re  tha t  to supp ly  th i s  w a t e r  for  New England ,  

i t  would r e q u i r e  the addi t ion  of about  3 1/2 m i l l i o n  a c r e - f e e t  of s t o r a g e  

above what  i s  a v a i l a b l e  a t  the p r e s e n t ,  to p rov ide  the flow tha t  I m e n t i o n e d  

h e r e  e a r l i e r .  

We f ind a quite  d i f f e r en t  s i t u a t i o n  when we look at  the West ;  and 

th i s  I th ink  is  e s s e n t i a l - - t h a t  a c o n t r a s t  be m a d e .  H e r e  I w i l l  use  a s  m y  

e x a m p l e  the Co lo rado  R i v e r  Bas in .  

The Colorado  has  a flow tha t  people  a r g u e  a b o u t - - a n d  I hope I wi l l  

not be quoted on th i s ,  b e c a u s e  s o m e o n e  wi l l  c e r t a i n l y  t e l l  m e  f rom t h e i r  

own e x p e r i e n c e  tha t  I a m  a b s o l u t e l y  wrong .  But  i t ' s  f r o m  the r e p o r t ,  

and  I ' m  s u r e  i t  wi l l  cause  a g r e a t  dea l  of a r g u m e n t .  But  i t  i s  e s t i m a t e d  

tha t  the m a x i m u m  s u s t a i n e d  flow of the Co lo rado  i s  about  10.4 b i l l i on  

ga l lons  a day.  

Looking  to 1980, and p r o j e c t i n g  the g rowth  in  u s e s  tha t  the v a r i o u s  

F e d e r a l  a g e n c i e s  an t i c ipa t e ,  you find tha t  t h e r e  j u s t  won ' t  be enough w a t e r .  

L o s s e s  f rom w i t h d r a w a l s  a r e  e s t i m a t e d  to be about  15 b i l l i on  ga l lons  a 

day.  The l o s s e s  f rom the o n - s i t e  u s e s  a r e  about  2.1 b i l l i on  ga l lons  a 

day.  The was t e  d i lu t ion l o s s  r e q u i r e m e n t  about  2 .2  b i l l i on  ga l lons  a day.  

And tha t  shows  a to ta l  e s t i m a t e d  demand,  i f  we p r o c e e d  the way  we have 

been  p roceed ing ,  of about  19 b i l l i on  ga l lons  a day, in  c o m p a r i s o n  wi th  

an a v a i l a b l e  supp ly  of about  10 b i l l i on  ga l lons  a day.  

In o the r  words ,  the  a v a i l a b l e  supp ly  wi l l  not m e e t  the p r o j e c t e d  

demand  in th i s  a r i d  r e g i o n  i f  we t r y  to m a i n t a i n  the  type  of e c o n o m y  and 

the p a t t e r n  of w a t e r  use  which  a r e  be ing  an t i c ipa t ed ,  p a r t i c u l a r l y  by  the 
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publ ic  a g e n c i e s  r e s p o n s i b l e  for  w a t e r  d e v e l o p m e n t  and m a n a g e m e n t  in  

tha t  r eg ion .  

I th ink  i t  i s  a p p r o p r i a t e  a t  t h i s  point  to out l ine  r a t h e r  b r i e f l y  the  

na tu r e ,  then,  of the s u p p l y - d e m a n d  p r o b l e m ,  and  in p a r t i c u l a r  to beg in  

with  the Wes t .  

In m a n y  a r e a s  of the West ,  not  on ly  the Co lo rado  Bas in ,  net  c o n -  

sumpt ion  a p p r o a c h e s  a v e r a g e  flow. I th ink  any  of you, or  m a n y  of you, 

that  a r e  a c q u a i n t e d  wi th  the Wes t  a r e  we l l  a w a r e  tha t  w a t e r  i s  what  t h e y  

c a l l  ~ v e r - a p p r o p r i a t e d  in m a n y  v a l l e y s .  In o the r  words ,  the  w a t e r  r i g h t s  

e x c e e d  the a m o u n t  of w a t e r  tha t  wi l l  be a v a i l a b l e  in a d r y  y e a r .  

What  do we do in the W e s t ?  And a s s u m i n g  the con t inued  p r e s s u r e  

for  economic  growth,  i t  s e e m s  to me  tha t  t h e r e  a r e  t h r e e  a l t e r n a t i v e s ,  

or  s o m e  combina t ion  of a l t e r n a t i v e s ,  open to the people  of tha t  p a r t  of 

the coun t ry .  

F i r s t ,  you can p rov ide  add i t iona l  s u p p l i e s  to m a i n t a i n  the t r a d i -  

t i ona l  p a t t e r n s  of w a t e r  u s e .  Th i s  m e a n s  d e s a l i n i z a t i o n ,  w e a t h e r  m o d i f i -  

cation, p r e a c h e s  for  c o n s e r v i n g  and u s i n g  w a t e r  m o r e  e f f i c i en t ly ,  t r a n s -  

b a s i n  d i v e r s i o n .  We have  t a l ked  of b r i n g i n g  the  Co lumbia  w a t e r  down 

into the S o u t h w e s t - - a n d  th ings  of th i s  n a t u r e .  

T h e  s e c o n d  a l t e r n a t i v e  i s  to l i m i t  e conomic  g rowth  in o r d e r  

to m a i n t a i n  the p r e s e n t  p a t t e r n s  of w a t e r  u se  wi thout  r e s o r t i n g  to t h e s e  

o the r  p r o c e d u r e s  tha t  I have  t a lked  to e a r l i e r .  

The t h i r d  p o s s i b i l i t y  i s  to r e d u c e  i r r i g a t i o n  and t r a n s f e r  w a t e r  to 

o t h e r  u s e s .  In o the r  words ,  t ake  land  out of i r r i g a t i o n ,  as  i s  be ing  done 
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in  m a n y  a r e a s  of  the  W e s t  today ,  and  u s e  t h i s  w a t e r  fo r  p u r p o s e s  tha t  

w i l l  s u p p o r t  m o r e  p o p u l a t i o n  and  i n c o m e  than  can  be s u p p o r t e d  by  an  

i r r i g a t i o n  e c o n o m y .  

Now, I t h ink  we wi l l  p r o b a b l y  r e s o r t  to  at  l e a s t  two of  t h e s e .  We 

wi l l  t r y  to i n c r e a s e  s u p p l y  w h a t e v e r  way  we can .  I t h i n k  i t  w i l l  be  e s s e n -  

t i a l  to t r a n s f e r  l a n d  o r  t ake  l and  out  of  i r r i g a t i o n  and  u s e  the  w a t e r  tha t  

has  b e e n  a p p l i e d  to i r r i g a t i o n  fo r  m u n i c i p a l  and  i n d u s t r i a l  p u r p o s e s .  

And  I s a y  t h i s  fo r  two r e a s o n s .  One  of t h e m  i s  tha t  u n t i l  we ge t  a 

m a j o r  t e c h n o l o g i c a l  b r e a k t h r o u g h ,  d e s a l i n i z a t i o n  o f f e r s  l i t t l e  p r o m i s e  

of  m e e t i n g  a p r o b l e m  of the  m a g n i t u d e  of the  one  c o n f r o n t i n g  the  w e s t e r n  

S t a t e s .  W e a t h e r  m o d i f i c a t i o n  m a y  h e l p  s o m e  i f  i t ' s  g o t t e n  down, s i n c e  

i t  i s  no t  a c o s t l y  way  of p r o v i d i n g  a d d i t i o n a l  s u p p l i e s .  But  w h e n  you t a lk  

abou t  i n c r e a s i n g  r a i n f a l l  by  20 p e r c e n t  in  an  a r e a  tha t  ha s  s i x  i n c h e s  a 

y e a r ,  you  a r e  not  r e a l l y  t a l k i n g  about  v e r y  m u c h  of an  i n c r e a s e  in  runo f f .  

The  t r a n s - b a s i n  d i v e r s i o n s  t ha t  have  b e e n  d i s c u s s e d  wi l l  be v e r y ,  

v e r y  c o s t l y .  In  o t h e r  w o r d s  the  ou t look  t o d a y  i s  tha t ,  u n l e s s  we a r e  

r e a d y  to m a k e  i n v e s t m e n t s  i n  the  W e s t  in  w a t e r  d e v e l o p m e n t  m u c h  l a r g e r  

t h a n  we have  m a d e  h e r e t o f o r e ,  we a r e  go ing  to  be u n a b l e  to m a i n t a i n  

the  p a t t e r n  of i r r i g a t i o n  w a t e r  u s e  in  the  W e s t  and  at  the  s a m e  t i m e  s u p p o r t  

the  e c o n o m i c  g r o w t h  tha t  now s e e m s  d e s t i n e d  to o c c u r  in  the  W e s t .  Ye t  

I t h ink  tha t  i f  we  w i l l  u s e  the  w a t e r  of the  W e s t  m o r e  e f f i c i e n t l y - - a n d  

t h e r e  a r e  m a n y  o p p o r t u n i t i e s  fo r  so  d o i n g - - a n d  g e a r  t ha t  t o  s o m e  a d j u s t -  

m e n t  f r o m  i r r i g a t i o n  w a t e r  u s e  to  m u n i c i p a l  and  i n d u s t r i a l  u s e ,  a v e r y  

h igh  r a t e  of  e c o n o m i c  g r o w t h  can  be  c o n t i n u e d  in  m o s t  a r e a s  of the  w e s t -  
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e r n  S t a t e s .  You m a y  h a v e  m o r e  q u e s t i o n s  abou t  t h a t  l a t e r .  I t h i n k  i t ' s  

an  i s s u e  t h a t  w i l l  be a r g u e d  a n d  d e b a t e d  a g r e a t  dea l  in  the  y e a r s  a h e a d .  

Now, o v e r  the  c o u n t r y  a s  a who le ,  i f  we a s s u m e  t h a t  the  d e m a n d  

fo r  c l e a n  w a t e r  i s  r e a l i s t i c - - a n d  I b e l i e v e  i t  i s - - a n d  i f  we a s s u m e  f u r -  

t h e r  t h a t  P r o f e s s o r  R e e d ' s  e s t i m a t e s  of the  d i l u t i on  w a t e r  r e q u i r e m e n t  

fo r  the  m a i n t e n a n c e  of c l e a n  w a t e r  a r e  r o u g h l y  r i g h t ,  t h e n  p o l l u t i o n  a b a t e m e n t  

r e a l l y  m o v e s  to  t h e  c e n t e r  of the  s t a g e  in  w a t e r  r e s o u r c e s  m a n a g e m e n t  

in  the  II~ited S t a t e s .  

We r e a l l y  have ,  then ,  t w o  s e r i o u s  p r o b l e m s .  One i s  an  a d j u s t m e n t  

in  w a t e r  u s e  in  the  a r i d  W e s t ;  a n d  t h i s  cou ld  be  p a i n f u l  a n d  c o s t l y ,  d e p e n d -  

i n g  upon how we go abou t  i t .  And  the  s e c o n d  p r o b l e m  i s  t h a t  of m e e t i n g  

the  p o l l u t i o n  p r o b l e m  tha t  i s  e m e r g i n g  in  the  U n i t e d  S t a t e s  and  w h i c h  

t h r e a t e n s  to b e °  f v e r y  s e r i o u s  c o n s e q u e n c e .  

I wou ld  l ike  to e m p h a s i z e  t h a t  in  the  n a t i o n a l  e c o n o m i c  s e n s e  the  

quant i t~at ive  s h o r t a g e s  of w a t e r  a r e  not  s e r i o u s .  I t ' s  the  q u a l i t y  p r o b l e m  

tha t  b e c o m e s  the  m o s t  s e r i o u s  one .  

Now, fo r  j u s t  a m i n u t e  o r  so  I ' d  l i ke  to j u s t  ou t l i ne  b r i e f l y  wha t  

s e e m s  to m e  the  b r o a d  ou t l i ne  of the  w a t e r  m a n a g m e n t  p r o b l e m .  

We h a v e  the  p o l l u t i o n  p r o b l e m  tha t  I h a v e  j u s t  b e e n  m e n t i o n i n g  

and  I t h i n k  a l l  of  you  r e a l i z e  t h a t  i t  h a s  m a n y ,  m a n y  r a m i f i c a t i o n s  a n d  

a s p e c t s .  T h e r e  i s  s i l t  po l lu t ion ,  t h e r e  i s  h e a t  po l l u t i on ,  t h e r e  a r e  c a u s -  

t i c  w a s t e s ,  t h e r e  a r e  s y n t h e t i c  o r g a n i c s ,  t h e r e  a r e  n a t u r a l  o r g a n i e s ;  

a n d  t h e y  a l l  c r e a t e  d i f f e r e n t  t y p e s  of p o l l u t i o n  p r o b l e m s .  

S u p p o s e d l y  the  h e a t  p o l l u t i o n  can  be  r e g u l a t e d .  I t h i n k  t h a t  t h i s  
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i s  d e m o n s t r a t e d  a s  p r a c t i c a b l e .  T o x i c  w a s t e s  m u s t  be d e a l t  w i t h  in  

s o m e  w a y .  The  s y n t h e t i c  o r g a n i c s ,  s u c h  a s  the  d e t e r g e n t s ,  c r e a t e  a 

s p e c i a l  p r o b l e m ;  and  p r o b a b l y  t h e y  c a n  on ly  be  m e t  s u c c e s s f u l l y  t h r o u g h  

s o m e  s o r t  of  r e s e a r c h  d e v e l o p m e n t .  The  n a t u r a l  o r g a n i c s  a r e  the  o n e s  

t h a t  r e q u i r e  the  l a r g e  a m o u n t  of d i l u t i on  w a t e r .  

Now, m a n y  of you  have  h e a r d  of the  s t o r y  of the  e x p e r i e n c e  a t  C a n u t  e, 

K a n s a s .  I w o n ' t  go in to  a n y  d e t a i l s  on t h a t  i f  you  r e c o g n i z e  o r  a r e  a w a r e  

t h a t  in  t h a t  p a r ~ c u l a r  i n s t a n c e  t he  s e w a g e  e f f l u e n t  w a s  t u r n e d  t h r o u g h  

the  w a t e r  t r e a t m e n t  p l a n t  w h e n  t h e y  h a d  a s h o r t a g e  out  t h e r e ,  and  the  

w a t e r  w a s  r e - u s e d .  T h e y  t r e a t e d  the  w a t e r  v e r y  c a r e f u l l y .  T h e r e  w e r e  

no i l l n e s s e s  a t t r i b u t a b l e  t o  w a t e r - b o r n e  d i s e a s e  a s  a c o n s e q u e n c e .  

In o t h e r  w o r d s ,  w a t e r  t r e a t m e n t  c a n  be  s u c c e s s f u l  in  m e e t i n g  the  

h e a l t h  p r o b l e m .  T h i s  i s  not  the  n a t u r e ,  you  m i g h t  s a y ,  of  the d e m a n d  

fo r  c l e a n  w a t e r .  

The  d e m a n d  for  c l e a n  w a t e r ,  a s  I u n d e r s t a n d  i t  a n d  s e e  i t  in  the  

U n i t e d  S t a t e s ,  i s  b a s e d  upon  the  d e m a n d  fo r  r e c r e a t i o n  o p p o r t u n i t i e s  in  

the  U n i t e d  S t a t e s - - t h e  d e m a n d  fo r  c l e a n  r i v e r s  fo r  e s t h e t i c  a n d  r e c r e a t i o n  

u s e ,  i n c l u d i n g  boa t ing ,  f i s h i n g ,  s w i m m i n g ,  and  the  l i k e .  I f  t h i s  d e m a n d  

did no t  e x i s t ,  the  p o l l u t i o n  p r o b l e m  would  not  be  a s e r i o u s  one .  

The  i n d i c a t o r s  a l l  s u g g e s t  t h a t  r e c r e a t i o n  u s e  of  w a t e r  w i l l  m o u n t  

r a p i d l y  in  the  y e a r s  a h e a d ,  a s  i t  h a s  o v e r  r e c e n t  y e a r s .  I t h ink  you  c a n  

j u s t  c i t e  a good  m a n y  s t a t i s t i c s  to i l l u s t r a t e  t h i s  poln~t. 

In the  T e n n e s s e e  V a l l e y  r e s e r v o i r s  you  h a d  a 400 p e r c e n t  i n c r e a s e  

of w a t e r  a r e a s  b e t w e e n  1947 and  1956. The  C o r p s  of E n g i n e e r s  da t a  a r e  

20 



equa l ly  d r a m a t i c .  

In o the r  words ,  when you get  down to it ,  t he se  r e c r e a t i o n  d e m a nds  

tha t  r e q u i r e  c l ean  w a t e r  m e a n  r e g u l a t e d  flow i f  you a s s u m e  p r e s e n t  

t e chno logy  to be  a s  i t  i s . .  

You t u r n  to nav iga t ion .  

d e m a n d  r a t h e r  m a r k e d l y  ove r  the l a s t  decade .  

a c c o r d i n g  to the C o r p s  of E n g i n e e r s ,  in  1946. 

You f ind tha t  nav iga t i on  has  i n c r e a s e d  in  

It was  35 b i l l ion  t o n - m i l e s ,  

In 1957 i t  was  115 b i l l i on  

t o n - m i l e s .  To m a i n t a i n  nav iga t ion ,  r e g u l a t e d  f lows a r e  r e q u i r e d .  

F o r  h y d r o e l e c t r i c  power :  I want  to r e m i n d  you,  a s  m a n y  of you 

know, tha t  h y d r o e l e c t r i c  power  i s  i n c r e a s i n g  in va lue  p e r  k i lowa t t  hour  

b e c a u s e  of the use  of hydro  and i t s  va lue  for  hea t ing  p u r p o s e s .  T h e r e  

i s  no i nd i ca t i on  tha t  t h i s  d e m a n d  wi l l  dec l ine .  We had  27.9  m i l l i o n  

k i l owa t t s  of hyd ro  in 1958, and  tha t  could go to 60 or  70 m i l l i o n  k i lowa t t s  

by  1975. 

F lood  con t ro l .  T h e  po ten t i a l  ~damages a r e  i n c r e a s i n g  b e c a u s e  

of the i n c r e a s e d  i n t e n s i t y  of f lood p la in  u s e .  The W e a t h e r  B u r e a u  data  

i nd i ca t e  tha t  a v e r a g e  annua l  l o s s e s  f rom 1936 to 1955 w e r e  t h r e e  t i m e s  

as  g r e a t  as  the p e r i o d  f r o m  1903 to 1935. Again ,  r e g u l a t e d  f lows a r e  

d e s i r e d ,  a t  l eas t ,  to r e d u c e  t he se  d a m a g e s .  

B e c a u s e  of t h e s e  f a c t o r s  tha t  I have j u s t  c i t ed  he r e ,  t h e r e  i s  m o u n t -  

ing p r e s s u r e  for  r e s e r v o i r  s t o r a g e  to p rov ide  r e g u l a t e d  f lows for  t h e s e  

s e v e r a l  p u r p o s e s .  And i t  has  been  s u g g e s t e d  tha t  our  F e d e r a l  G o v e r n -  

m e n t  po l i cy  shou ld  be d i r e c t e d  to the end of m a k i n g  m o r e  r e g u l a t i o n .  

In fact ,  i t  ha s  been  s u g g e s t e d  tha t  we m a k e  the c r e a t i o n  of comple t i on  of 
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an integrated, nationwide water-regulation system a primary objective 

of Federal activity. This policy would have the premise that full regu- 

lation of nearly all the nation's streams is inescapable over the long run, 

and that substantial progress toward this end will have to be made during 

this century. We may now do best to ,begin our planning in terms of 

progress toward full regulation, making it the basic Federal program. 

There is one idea, and yet it comes face to face with other demands 

upon reservoir land. I think .any of you who have lived in the Wasb.~gton 

area, or almost any other area, know the controversies that were encoun- 

tered when it came to the construction of a new reservoir and the elimina- 

tion or the inundation of the activities or the uses of the land that have 

been there. 

What do we need, then? I think we can foresee in the years ahead 

a sharpening of conflict--on the one hand the demand for regulated flows, 

reservoir 
on the other hand a strong demand to maintain the use of the/areas for 

the purposes for which they are now dedicated. 
a 

And what's the answer? I think it ir, equires/more imaginative 

approach to water resources management than we have generally used 

in the past. I think we urgently need alternatives to stream regulation 

as the main answer to .some water demands, so that these alternatives 

can be adopted when circumstances warrant. 

For pollution I think we urgently need a technological breakfhrough 

to minimize the requirements for regulation. 

For flood management I think we need to place more emphasis on 
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the  r e g u l a t i o n  of flood p la in  use ,  upon f lood i n s u r a n c e ,  and o the r  m e a n s  

of minimizing flood damages. 

For power and navigation, I think we should carefully appraise the 

values to be realized through these developments against the cost of 

inundating the land area. 

In think, in short, that water management should no longer be 

equated with a construction program. It involves an integrated effort 

by engineers, by biologists, by economists, and ~ many others. 

Well ,  I th ink  I ' l l  end th i s  now, and on th is  l i t t l e  note,  tha t  I th ink  

p r o b a b l y  goes  wi th  the  f i r s t  one tha t  I r e a d  f r o m  what  Dr .  W a l l m a n  has  

quoted.  It  ~oes s o m e t h i n g  Like t h i s :  

" W a t e r  i s  the b e s t  of d r i n k s .  But  who am I tha t  I shou ld  have 

the b e s t  of e v e r y t h i n g ?  Le t  p r i n c e s  r e v e l  a t  the pump,  le t  p e e r s  

a t  the pond m a k e  f ree ;  but  wh i skey ,  b e e r ,  or  even  wine i s  good 

enough for  m e . "  

CAPT. GALLAGWE.R: Mr. Fox is ready for your questions. 

QUESTION. Mr. Fox, you mentioned that clean water seemed to be 

a problem for recreational purposes. I understand that there are certain 

industrial applications, such as paper making and the textile industry, 

that demand water that is pretty low in mineral content. Is this going 

to be a p r o b l e m  for  us  in  t he  fu ture  ? 

MR. FOX: Yes .  Tha t t s  m y  p r o b l e m ,  you see ,  in  g e n e r a l i z i n g  

tha t  I t a l k e d  about  a t  the ou t se t .  

C e r t a i n l y  m a n y  i n d u s t r i e s  r e q u i r e  w a t e r  of v e r y  h igh qua l i ty .  
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U s u a l l y  for  m a n y  of t hem the quan t i t i e s  of h igh-quaLi ty  w a t e r  r e q u i r e d  

a r e  not  so l a r g e .  The point  tha t  I am m a k i n g  i s  t ha t  tha t  p r o b l e m  i s ,  

"~mPortant as  i t  i s ,  dwa r f ed  by what  I c o n s i d e r  to be, you m i g h t  say ,  the 

l a r g e r  p r o b l e m  of m e e t i n g  th i s  demand  for  r e c r e a t i o n a l  p u r p o s e s .  

I th ink  tha t  t h e r e  a r e  m a n y  a s p e c t s  of th i s  po l lu t ion  p r o b l e m  tha t  

I have  fa i l ed  to p r o b a b l y  c o v e r  a d e q u a t e l y  and p lace  in  p r o p e r  d i m e n s i o n .  

F o r  i n s t a n c e ,  t h e r e  i s  t h i s  ques t ion  of the p e s t i c i d e s  tha t  flow into the 

s t r e a m ,  which  m i g h t  cause  t ax ic  w a s t e s  to be in the s t r e a m .  Peop l e  

d r ink  the w a t e r .  They  a r e  not  t aken  out a l w a y s  by t r e a t m e n t  p r o c e s s e s ,  

and they  cause  a v e r y  s e r i o u s  p r o b l e m .  T h e r e  a r e  m a n y  r a m i f i c a t i o n s  

of th i s ,  and I would s a y  tha t  what  you a r e  s p e a k i n g  of i s  one of t hem.  

But  I th ink  tha t  in t e r m s  of the to ta l  na t i ona l  i n v e s t m e n t  tha t  wi l l  be r e -  

q u i r e d  in w a t e r  deve lopment ,  j u s t  p rov id ing  c l ean  w a t e r  for  r e c r e a t i o n  

p u r p o s e s  dwar f s  the r e s t  of t hemj  the r e s t  of the  u s e s .  

QUESTION: Mr .  Fox, on y o u r  f igure  of Ii00 b i l l i on  ga l lons  flow 

p e r  day noW, i s  tha t  the u s a b l e  r uno f f ?  

MR. FOX: I ' m  s u r e  i t  i s  not .  I don ' t  know ju s t  what  i t  i s .  I don ' t  

know tha t  anybody  can  t e l l  us  what  the u s a b l e  flow or  the r e g u l a t e d  flow 

can be.  We have f r e q u e n t l y  s a i d  tha t  you can p rov ide  a r e g u l a t e d  flow 

of r ough ly  ha l f  of the  t o t a l  a v e r a g e  annua l  runoff .  

I th ink  tha t  th i s  i s  p r o b a b l y  too low a f igure ,  f r o m  the o the r  e s t i -  

m a t e s  tha t  I have  s een .  We have  e s t i m a t e s  of r e g u l a t e d  flow by m a j o r  

b a s i n s ,  tha t  is ,  the amoun t  tha t  could conce ivab ly  could  be p r o v i d e d  i f  

i t  w e r e  r e q u i r e d ;  and th i s  would to ta l  s o m e w h a t  l e s s  than  the 1100 b i l l i on  
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ga l lons  a day.  But i t  would s t i l l  a p p r o a c h  tha t  f i gu re .  I have fo rgo t ten  

jus t  what  i t  adds up to, but  I th ink  i t  i s  900 o r  s o m e t h i n g  of th i s  o r d e r  

of magn i tude .  

This  v a r i e s  a g r e a t  dea l  f r o m  wes t  to e a s t .  When you t r y  to p r o -  

vide a high degree  of r e g u l a t i o n  in the West ,  e v a p o r a t i o n  l o s s e s  cut  

in to  the a v a i l a b i l i t y  of w a t e r - - c u t  in to  the r egu la t ion ,  so to speak ,  and  

r e d u c e  the a v e r a g e  that  wi l l  a c t u a l l y  be ava i l ab l e ,  b e c a u s e  t he se  a r e  so 

g r e a t .  

In New England ,  for  example ,  on the o the r  hand, the a v e r a g e  

annua l  flow is  rough ly  67 b i l l ion  ga l lons  per~lay, and  i t  has  been  e s t i m a t e d  

that  th i s  could be r e g u l a t e d  to n e a r l y  65 b i l l i on  ga l lons  pe r  day.  

T h a t ' s  about  the b e s t  tha t  I can do on tha t  ques t ion .  

QUESTION: Wil l  you c o m m e n t  jus t  a Little b i t  on the e c o n o m i c s  

involved;  on, s a y ,  the po l lu t ion  cos t s  v e r s u s  the o the r  d e m a n d s ?  

MR. FOX: I don ' t  know tha t  I have those  f i gu re s  r i gh t  at  m y  f in-  

g e r t i p s  h e r e .  You a r e  p robab ly  b e t t e r  a cqua in t ed  with them than I at  

the p r e s e n t  t ime .  But I would s u g g e s t - - a t  l eas t ,  the r e a s o n  tha t  I did 

not  go into cos t s  t o d a y - - I ' l l  m a k e  two o b s e r v a t i o n s .  

F i r s t  of a l l ,  I th ink  i t ' s  e x t r e m e l y  d i f f icu l t  to  m a k e  r e l i a b l e  long-  

r ange  e s t i m a t e s ,  because ,  in  pa r t ,  I th ink  t he se  cos t s ,  o r  the cos t  out look,  

wi l l  change ove r  t ime  as  t echno logy  changes .  And, second ly ,  tha t  when 

we t a lk  about  p rov id ing  r e s e r v o i r s ,  the cos t  of a c q u i r i n g  the land  and 

deve lop ing  the r e s e r v o i r s  i s  only going to be p a r t  of the p r o b l e m .  T h e r e  

wi l l  be o t h e r  types  of cos t ,  you migh t  say,  tha t  people  a r e  going to be 
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c o n c e r n e d  abou t  t ha t  c r e a t e  a v e r y  l a r g e  p r o b l e m  in  t r y i n g  to p r o v i d e  

the  s t o r a g e  at  a g i v e n  r e s e r v o i r  s i t e .  

Aga in ,  I r e m i n d  you wha t  we a r e  up a g a i n s t  in t h i s  q u e s t i o n  of the  

R i v e r  B e n d  D a m  r i g h t  h e r e  on the  r i v e r .  I t ' s  no t  the  d o l l a r s  and  the  c o s t  

of  t he  p r o g r a m  tha t  c a u s e  p r o b l e m s  t h e r e .  I t ' s  t he  v a l u e s  tha t  peop l e ,  

at  l e a s t  s o m e  peop l e ,  a t t a c h  to h a v i n g  t h a t  l and  a v a i l a b l e  fo r  o t h e r  p u r -  

p o s e s ,  i n c l u d i n g  r e c r e a t i o n  a l o n g  the  Cana l ,  the  d e v e l o p m e n t  of  r e s i d e n -  

t i a l  a r e a s  on the  l a n d s  t ha t  w o u l d  be  i n u n d a t e d ,  a n d  so  fo r th .  So I ' m  no t  

s u r e  tha t  the  d o l l a r s  g ive  you any  r e a l  i n d i c a t i o n  of t he  m a g n i t u d e  of 

t he  p r o b l e m .  

But  l e t  m e  go j u s t  b e y o n d  tha t  to s a y  t h i s :  We now i n v e s t ,  as  I 

r e m e m b e r ,  r o u g h l y ,  a t  t he  F e d e r a l  l e v e l ,  c l o s e  to  a b i l l i o n  d o l l a r s  a 

y e a r  in  w a t e r  r e s o u r c e s .  I wou ld  no t  f o r e s e e ,  on the  b a s i s  of the  e s t i -  

m a t e s  t ha t  we h a v e  so  f a r - - a n d  t h e s e  a r e  v e r y  c r u d e  e s t i m a t e s - - t h a t  

t h i s  w o u l d  a n t i c i p a t e ,  you m i g h t  say ,  

pub l i c  i n v e s t m e n t  in  the  y e a r s  a h e a d .  

a g r e a t  i n c r e a s e  in  the  r a t e  of 

In o t h e r  w o r d s ,  s u r e ;  i t  w i l l  

r e q u i r e  s o m e  i n c r e a s e  in  i n v e s t m e n t ;  but  the  da t a  tha t  we h a v e  d e v e l o p e d  

h e r e  do not  i n d i c a t e  any  doub l ing  o r  t r i p l i n g  of the  r a t e  of the  pub l ic  

i n v e s t m e n t  in w a t e r  r e s o u r c e s  and  in  w a t e r  t r e a t m e n t  f ac i l i t i e s~ .  

Would  tha t  a g r e e  w i th  y o u r  e s t i m a t e  of the  s i t u a t i o n ?  

C O M M E N T :  May I m a k e  one  i Point: I t h i n k  i t ' s  i m p o r t a n t  h e r e .  

I t ' s  i m p o r t a n t  to r e c o g n i z e  tha t  the  c o s t  of  w a t e r  i t s e l f  i s  g o v e r n e d  

s t r i c t l y  by  the  f a c i l i t i e s  t ha t  a r e  c o n s t r u c t e d  to m a n a g e  i t .  The  w a t e r  

i t s e l f  i s  f r e e .  The  b a s i c  c o s t  of  w a t e r  r e f e r s  on ly  to the  c o s t  of  t r e a t m e n t  
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a n d  the cos t  of m a n a g i n g  the wa t e r ,  of c o n s t r u c t i n g  the dams  and the 

h y d r o e l e c t r i c  f a c i l i t i e s ;  and i t ' s  i m p o r t a n t  to u n d e r s t a n d  tha t  when  dea l -  

ing  wi th  th i s  p r o b l e m .  

QUESTION: Mr.  Fox, about  a y e a r  ago t h e r e  was  an a r t i c l e  in 

the Sc ien t i f i c  A m e r i c a n  about  the w a t e r  r e s o u r c e s  d e v e l o p m e n t  in  I s r a e l .  

I a lways  thought  in  m y  own m i n d  tha t  t h e i r  s i t ua t i on  ove r  t h e r e  was  p rob -  

ab ly  w o r s e  than  what  we have in the Co lo rado  R i v e r  B a s i n .  As I r e c a l l  

the f i g u r e s ,  t h e y  have i n c r e a s e d  the amoun t  of land to be i r r i g a t e d  s o m e -  

th ing  be tween  30 and 50 p e r c e n t .  You have  s u g g e s t e d  to us  t ha t  we would 

have to d e c r e a s e  the amoun t  of land in i r r i g a t i o n .  Have you s tud i ed  tha t  
v e r s u s  the Co lo rado  R i v e r  B a s i n  

p r o b l e m / e n o u g h  to s a y  why t h e y  a r e  i n c r e a s i n g  i t  when we have to d e c r e a s e  

i t ?  

MR.  FOX: No, I haven ' t .  And I know r e l a t i v e l y  l i t t l e  about  

the s i t ua t i on  in I s r a e l .  

My i n c l i n a t i o n  offhand would be th i s ,  n a m e l y ,  tha t  we have h igh ly  

deve loped  the a v a i l a b l e  supply .  The supp ly  i s  l i m i t e d  in  I s r a e l .  I t ' s  

l i m i t e d  in  the Co lo rado .  Over  the y e a r s  we have  h igh ly  deve loped  the  

w a t e r  supp ly  in  the  Colorado ;  and  I think,  as  you know, when you go down 

to Ar i zona ,  we have been  u s ing  w a t e r  tha t  has  a c c u m u l a t e d  ove r  a f a i r l y  

long p e r i o d  of t ime ,  to suppo r t  the  i r r i g a t i o n  in the Salt  R i v e r  Va l l ey .  

In o the r  words ,  we a r e  not  j u s t  depending  t h e r e  for  the c u r r e n t  i r r i g a t i o n  

upon the supp l i e s  tha t  run  off e ach  y e a r . - - t h e  a v e r a g e  annua l  r e c h a r g e .  

We a r e  m i n i n g  the w a t e r  supp ly  at  the p r e s e n t .  

Now, if  you a s s u m e  tha t  you a r e  going to expand  you r  economy,  
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this is going to catch up with you, you see. And in may areas, as I 

think many of you are aware, it has already caught up with us, because 

the costs of pumping have come to exceed the value of the water for cer- 

tain purposes. 

Now, I just assume that weJre just farther along in our develop- 

ment in this country, at least in particular locations. 

Incidentally, while wetre on this point: 

varies a great deal from locality to locality. 

This is a situation that 

When you say that land 

will have to probably come out of irrigation, you have got to carry with 

it a number of "if's" and assumptions. And one of those assumptions is 

that we are going to anticipate a very high rate of growth, at least we 

anticipate, a high rate of growth for the Southwest. We have had a high 

rate of growth there, and we are looking toward a continued high rate 

of growth in that part of the country. 

Now, if this occurs, it's pretty difficult to see that you can have 

enough water to support your ii'rigation and support the cities and the 

industries unless you bring water from other sources. 

There is much to be done, in fact, we've only scratched the sur- 

face, when it comes to preserving and conserving flows in some of that 

country in the West. We are quite wasteful in the use of water. And I 

think, incidentally, this is in part attributable to the kind of water law 

that we have in much of the West. 

But, even after we have done that, if we have the population and 

industrial development that is now contemplated for the Southwest, it 
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s e e m s  v e r y ,  v e r y  d i f f i cu l t  to  m e e t  t h i s  w i thou t  f i nd ing  m o r e  w a t e r  o r  

t a k i n g  l a n d  out  of  i r r i g a t i o n .  

Now, wha t  I s a i d  e a r l i e r  was  tha t  tha t  I a m  v e r y  doubt fu l  t ha t  t h i s  

can  be  done  at  a p r i c e  we can  a f f o r d  to  pay,  a t  an  e c c e m ~ i c  p r i c e .  I 

t h i n k  i t  wou ld  i n v o l v e  b r i n g i n g  w a t e r  out  of t he  N o r t h w e s t ,  fo r  e x a m p l e ,  

o r  d e s a l i n i z i n g  l a r g e  s u p p l i e s ,  l a r g e  q u a n t i t i e s .  

We know t o d a y  that ,  a t  l e a s t  we c a n ' t  r e a l l y  s e e  t oday  b e y o n d  

r e d u c i n g  the  d e s a l i z a t i o n  c o s t  b e l o w  50 c e n t s ,  say ,  a t h o u s a n d  g a l l o n s ,  

o r  40 c e n t s ,  o r  s o m e t h i n g  l ike  tha t ,  fo r  s e a w a t e r .  We know t h a t  f o r  

i r r i g a t i o n  you h a v e  got  to have  w a t e r  tha t  i s ,  s ay ,  u n d e r  a n i c k e l  a 

t h o u s a n d  g a l l o n s .  U n l e s s  we ge t  a m a j o r  t e c h n o l o g i c a l  b r e a k t h r o u g h  

in  the  d e s a l i n i z a t i o n  f ie ld ,  we d o n ' t  s e e  t h a t  t h i s  w i l l  be the  a n s w e r .  

So, b a r r i n g  s o m e  m a j o r  u n f o r e s e e n  d e v e l o p m e n t ,  a n d  a s s u m i n g  

tha t  you c o n t i n u e  to have  the  r a t e  of g r o w t h  t h a t  we have  b e e n  e x p e r i e n c -  

ing  t h e r e ,  and  w h i c h  we now f o r e s e e ,  t h e n  it  l o o k s  as  i f  the  on ly  a n s w e r  

w i l l  be  to t ake  l and  out of i r r i g a t i o n .  And  our  t a s k  i s  to do t h i s  in  a 

way  tha t  we c a u s e  a m i n i m u m  of h a r d s h i p  and  p r o b l e m s  to the  c o m m u n -  

i t i e s  tha t  t a c k l e  i t .  

QUESTION:  What  type  of  p r o b l e m  do we  face  on o u r  b o r d e r s  with ,  

say ,  Canada ,  on the  G r e a t  L a k e s ,  t h e  C o l u m b i a  R i v e r ,  o r  wi th  Mex ico ,  

or  in  the  S o u t h w e s t ?  

MR.  FOX: I wou ld  n e e d  a n o t h e r  h o u r  to a n s w e r  t ha t  to m y  own 

s a t i s f a c t i o n ;  but  I w i l l  j u s t  m a k e  a few v e r y  b r i e f  o b s e r v a t i o n s  on tha t  

s c o r e .  
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I t ' s  a v e r y  i n t e r e s t i n g  t h i n g  t h a t  s u c h  a l a r g e  p r o p o r t i o n  of ou r  

w a t e r  r e s o u r c e s  a r e  i n t e r n a t i o n a l  i n  c h a r a c t e r .  You s e e ,  t h i s  i s  the  

C o l u m b i a  ( i n d i c a t i n g  on m a p ) .  A l l  of t h i s  a l o n g  h e r e ,  you  h a v e  i n t e r -  

n a t i o n a l  w a t e r .  You a l s o  have  i n t e r n a t i o n a l  w a t e r ,  a s  you  s u g g e s t e d ,  

down h e r e  a n d  o v e r  h e r e  in  the  C o l o r a d o .  

Now, I'll m e n t i o n  j u s t  two i n t e r e s t i n g  p r o b l e m s  t h a t  G e n e r a l  C a s s i d y  

can  s p e a k  m u c h  b e t t e r  abou t  t h a n  I on the  b o r d e r  h e r e .  The  C o l u m b i a  

a n d  t h e  St.  J o h n s .  

In  the  C o l u m b i a - - t o  deve lop  the  C o l u m b i a  a n d  ge t  the  m o s t  out  of i t  

e c o n o m i c a l l y ,  we n e e d  s t o r a g e  in  C a n a d a  to  r e g u l a t e  f l ows  t h r o u g h  t h e s e  

d a m s ,  t h r o u g h  the  p o w e r  e q u i p m e n t ,  the  g e n e r a t o r s ,  t ha t  a l r e a d y  e x i s t  

on the  C o l u m b i a  in  the  U n i t e d  S t a t e s .  And  I t h i n k  i t  i s  v e r y  i n t e r e s t i n g  

to  s e e  t h a t  t h e r e  i s  an  a g r e e m e n t  w e l l  a l o n g  b e t w e e n  C a n a d a  a n d  the  U n i t e d  

S t a t e s  on t h a t  s c o r e ,  w h i c h  w i l l  p r o v i d e  r o u g h l y ,  a s  I r e c a l l ,  21 1/2 o r  

22 1/2 m i l l i o n  a c r e - f e e t  of s t o r a g e  in  C a n a d a  to r e g u l a t e  the  f lows  on 

the  C o l u m b i a  R i v e r  in  the  U n i t e d  S t a t e s .  

And  t h i s  c a n  on ly  be  done t h i s  w a y .  T h a t  i s ,  the  w a t e r  m u s t  be  

d e v e l o p e d  in  C a n a d a ,  a n d  the  p o w e r  c o m e s  off  g e n e r a t o r s ,  a t  l e a s t  f o r  

the  m o s t  p a r t ,  in  the  U n i t e d  S t a t e s .  A n d  to w o r k  out  s u c h  a d e v e l o p m e n t ,  

we have  to e i t h e r  p a y  C a n a d a  fo r  t h i s  d e v e l o p m e n t  in  d o l l a r s  o r  r e t u r n  

s o m e  of the  p o w e r  to C a n a d a  fo r  i t s  u s e .  And,  a s  I u n d e r s t a n d  the  a g r e e -  

m e n t ,  abou t  35 p e r c e n t  of the  p o w e r  p r o d u c e d  a s  a c o n s e q u e n c e  of t h i s  

r e g u l a t i o n  up in  C a n a d a  w i l l  be  r e t u r n e d  to C a n a d a  in  p a y m e n t  of t h e m  fo r  

b u i l d i n g  t h o s e  s t r u c t u r e s .  I t h i n k  t h i s  i s  a g r e a t  a d v a n c e .  I doubt  w h e t h e r  
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t h e r e  a r e  m a n y  p l a c e s  in  the wor ld  w h e r e  th i s  s o r t  of a n  a r r a n g e m e n t  

has  been  w o r k e d  out be tween  two c o u n t r i e s .  

When you come to the St. Johns ,  you have the r e v e r s e  s i t ua t i on .  

He re  in the  lower  St. Johns ,  at  the Canad ian  Dam,  t h e y  need  

s o m e  r e g u l a t i o n  in  the Uni ted  S ta t e s  in  o r d e r  to get  the  m o s t  out of those  

f a c i l i t i e s .  

Th i s ,  i n c i d e n t a l l y ,  b r i n g s  up a n o t h e r  k ind  of p r o b l e m  tha t  we face  

in the w a t e r  f ie ld,  and an e x t r e m e l y  i m p o r t a n t  one.  The dam tha t  has  been  

p r o p o s e d  he re ,  a t  Rank in  Rapids ,  wi l l  inunda te  p a r t  of the  A l l e g a s h  R i v e r ;  

and  the A l l e g a s h  R i v e r  i s  one of the  f o r e m o s t  and m o s t  popu la r  canoe 

s t r e a m s  in the Uni ted  S ta tes ,  and  t h e r e  i s  a g r e a t  dea l  of oppos i t ion  by 

c a n o i s t s  who go down tha t  s t r e a m .  Inc iden ta l ly ,  t h i s  i s  whe re  I spen t  

m y  vaca t i on  th i s  y e a r - - c a n o e i n g  down the A l l e g a s h  R i v e r .  SO you see  

the k ind of p r o b l e m  tha t  we get  up a g a i n s t .  

But r e g u l a t i o n  in the U. S. would be v e r y  b e n e f i c i a l  to Canada  

and Canad ian  power  output, and  would p rov ide  a v e r y  d e s i r a b l e  type  of 

a r r a n g e m e n t ;  and I th ink  i t ' s  to the c r e d i t  of the two c o u n t r i e s  tha t  t hey  

have m a d e  s u c h  e x c e l l e n t  p r o g r e s s  h e r e  in  the  N o r t h w e s t  in dea l ing  wi th  

t h i s .  

Now, of c o u r s e  you know the s t o r y  or  have been  h e a r i n g  about  the 

G r e a t  L a k e s  s i t ua t i on .  I don ' t  th ink  I have  t i m e  to go into tha t .  

Here  in  the Southwes t  you have a d i f f e r en t  s i t ua t ion ,  whe re  the i n t e r -  

e s t  i s  in m a k i n g  w a t e r  a v a i l a b l e  for both i r r i g a t i o n  and m u n i c i p a l  and 

i n d u s t r i a l  u s e s .  And aga in  I th ink  the Canad i an  and M e x i c a n  g o v e r n m e n t s  
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