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WATER AND THE CONSERVATION MOVEMENT 

By Luna B. Leopold 

Every a g e  has  its unique touchstone, i t s  h a l l m a r k .  
~h~~ Nineties were  thought gay .  
21z and John Held, Jr. T h e  T h i r t i e s  had b r e a d l i n e s ,  

i i r s t  bowls,  the forgot ten m a n .  And each  r e c e n t  pe r iod  
been studded with s o  many  flashy g e m s ,  both pas t e  
genuine,  that no h a l l m a r k  would alone be enough 

The Twenties  had 

(0 label i t .  

Of the p r e s e n t  age ,  o n e  of the namep la t e s  wil l  c a r r y  
the word "Conse rva t ion . "  The  f i r s t  t ime a m u s e u m  
v:.;ltor walks by that label  he  will  probably s top ,  push 
h c k  the Plexiglas globe of h i s  space  h e l m e t  and s a y  to 
himself, " I  neve r  thought that  conservat ion was  a 
heynote of the F i f t i e s .  " 

the pathet ic  truth of that  label  dawned on  h i s  t i r ed  
t d y ,  a ccus tomed  to canned  en te r t a inmen t ,  syn the t i c  
lievors, and  fighting the af ternoon t raff ic  of the j e t  
Lanes. I can  imagine h i m  musing:  "Conservat ion,  
!iw ha l lmark  of the F i f t i e s .  
?.aid about something or  o t h e r ,  'too l i t t le and  too l a t e . '  " 

i f  our generat ion i s  des t ined  to leave that i m p r e s s i o n  

But I imagine he  might  a g r e e  

Somebody about  that t i m e  

of our effor ts ,  i t  wi l l  not be f o r  lack of t rying.  
trouble is, in fact ,  ' t h a t  Conperyat ion has  been so well 
mcjvertised, so  well so ld .  that  i t  has  become  a popu la r  
i!em: Everybody is w e a r i n g  one.  We A m e r i c a n s  a r e  
going to conse rve  forests, s o i l ,  b i rds ,  f ish.  m e t a l s .  
o i l .  water, coal ,  w i lde rness ,  and s e v e r a l  o t h e r  things.  
In the name  of conse rva t ion  o u r  generat ion i s  going to 
h l l d  d a m s  and p reven t  the building of d a m s ;  we are 
g w n g  to protect  the w i l d e r n e s s  and develop the wild 
p l a c e s  for m a s s  r e c r e a t i o n ;  we a r e  going to p ro tec t  
r i ldl i fe ,  and  poison wolves.  coyotes  and p r a i r i e  dogs.  
For everything we A m e r i c a n s  favor  in the n a m e  of 
conservation we a l s o  f avor  the an t i t hes i s ;  i t  a l l  depends 
on whom you a sk .  

O u r  

When discussing conse rva t ion  we tend to confuse  two 
rather  different  a s p e c t s  of the use  of n a t u r a l  r e s o u r c e s .  
The concept  of conse rva t ion  when applied to  r enewab le  
r*.50urces. soi l ,  w a t e r ,  and f o r e s t s  for e x a m p l e ,  might  
m m n  the u s e  of the r e s o u r c e  on a sus t a ined  yield b a s i s .  

!h:ct, on the a v e r a g e ,  the r e s o u r c e  is r e p l a c e d  as f a s t  
a x  11 i s  uti l ized. 

o the r  words ,  u se  a t  a r a t e  and unde r  s u c h  conditions 

When applied to nonrenewable r e s o u r c e s ,  for 
C t*mple .  the m e t a l s ,  and  o i l  and coal ,  conse rva t ion  
wight be desc r ibed  as o r d e r l y  development  without 

was te ,  

These  s imple  def ini t ions do n o t  c o v e r  all  cases  hut 
the p re sen t  d i scuss ion  I wish to e m p h a s i z e  b a s i c  

; ' i R U e S  and ideas ,  r e l a t ive ly  unconfused by d i s t r ac t ing  
"01nplications. 
w 
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A s e c o n d  idea which I bel ieve m u s t  be understood i s  
that  conservat ion m e a n s  different  things to d i f f e ren t  
people.  Conse rva t ion  h a s  been defined as the g r e a t e s t  
good for  the g r e a t e s t  n u m b e r .  
definit ion.  So d i v e r s e  a r e  the i n t e r e s t s  of dlfferent  
g roups  i t  IS nea r ly  imposs ib l e  to decide what is the 
g r e a t e s t  good, o r  to identify that intangible g r e a t e s t  
good with any spec i f i c  g roup  of people who would 
const i tute  the ma jo r i ty .  

I s t rong ly  p ro te s t  this  

Le t  m e  devise  a n  example  to c lar i fy  this point. 
Imagine a mountain a r e a  which is a t t r a c t i v e  enough to 
be potentially designated a nat ional  pa rk ,  national 
monument  o r  state pa rk .  
contains  a d i v e r s e  wildlife population and r i v e r s  that  
have potential  f o r  i r r iga t ion  s t o r a g e  and hydroe lec t r i c  
power development .  

Assume  f u r t h e r  that the a r e a  

To develop the a r e a  for one u s e  p rec ludes  c e r t a i n  
o t h e r  u s e s .  
no hunting would b e  allowed. In s o m e  types of pa rk  no 

development ,  On the o t h e r  hand,  if a r e s e v o i r  i s  buil t ,  
c apac i ty  u s e d  f o r  s t o r i n g  w a t e r  f o r  i r r iga t ion  is not 
avai lable  f o r  flood control .  
useful  for s o m e  kinds of r e c r e a t i o n  opportuni t ies ,  o t h e r  
kinds m a y  be cu r t a i l ed  

If the a r e a  is m a d e  a pa rk ,  f ishing but 

. dam would be al lowed for w a t e r  s t o r a g e  o r  power 

Though a r e s e r v o i r  is 

How do you identify the g r e a t e s t  good among  these  
poss ib i l i t i e s?  One m a y  a n s w e r  that the g r e a t e s t  good 
is m e a s u r e d  by the l a r g e s t  f inancial  r e t u r n .  
definit ion may  be pa r t ly  sa t i s f ac to ry  for m e a s u r i n g  
power,  i r r i ga t ion ,  o r  pe rhaps  some o t h e r  u s e s ,  b u t  
long expe r i ence  h a s  demons t r a t ed  that e s the t i c  and 
e th i ca l  va lues  cannot  be m e a s u r e d  in do l l a r s .  Eve ry  
t ime  we t ry  i t  the value so a s s e s s e d  i s  un rea l l s t i ca l ly  
low,  o r  e l s e  the do l l a r  value is, m e a s u r i n g  the wrong 
a spec t .  

That  

T a k e  r ec rea t ion .  I s  the value of a p a r k  m e a s u r e d  by 
the ga t e  r ece ip t s  plus  the d o l l a r s  spen t  a t  the hot dog 
concess ion ,  plus the gasol ine so ld  a t  the fi l l ing s t a t ion?  
Obviously this  is too s m a l l  a m e a s u r e  of r e a l  value of 
a p a r k ,  and i s  a m e a s u r e  only of the l ea s t  meaningful 
a s p e c t s  of i t .  Is t he ' va lue  of the f ishing m e a s u r e d  by 
the d o l l a r s  spen t  on  tackle ,  plus  boat,  p l u s  outing 
c lo thes ,  plus  gaso l ine?  
cost  of a f ish taken o n  a f ishing t r i p  is exorbi tant .  A 
t r u e  f i s h e r m a n  d o e s  not a s s e s s  the c o s t  i n  that  way. 
I sugges t  you t ry  placing a do l l a r  value on that sub t l e  
thing you feel  when you dangle  y o u r  f ee t  in the lovely 
lake and look a c r o s s  the blue w a t e r  to the haze on the 
o t h e r  s h o r e .  

Everyone knows that the do l l a r  

A l l  erigineering p ro jec t s  are s tudied to a s s u r e  a n  
economica l  deslgn.  
of t ime  mus t  equal  the c o s t s .  
eng inee r ing  p ro jec t s  compe te  wlth o t h e r  poss ib l e  u s e s  

The benefi ts  o v e r  a ce r t a in  pe r iod  
But in many ins t ances  
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of the  resources, the  benefi ts  f r o m  which are not s o  
simple to  e s t ima te .  
value on  wildlife, on r e c r e a t i o n  and on o t h e r  a s s o c i a t e d  
uses; p r e s e n t  p rac t i ce  h a s  also demons t r a t ed  that i t  is 
an unsa t i s f ac to ry  s y s t e m  indeed. Es the t i c  va lues  c a n -  
not be e x p r e s s e d  in d o l l a r s  and 1 a s s e r t  that  we should 
d e s i s t  f r o m  trying t o  so  a s s e s s  them. 

P r e s e n t  p rac t i ce  i s  to  p l ace  a 

T h i s  ana lys i s  shows  that to  d e t e r m i n e  the g r e a t e s t  
good is difficult  indeed. If w e  could do so, could we 
identify the bene f i c i a r i e s  in  o r d e r  to a s s u r e  o u r s e l v e s  
that  w e  are benefit ing the  g r e a t e s t  n u m b e r  of people? 
A r e  the benefits  acc ru ing  to 50 f i s h e r m e n  to  r e c e i v e  the 
same,  less, or more  weight than the benefi ts  to 50 
bus inessmen .  o r  to 50 i r r i g a t o r s ,  o r  to 50 people  in  
need  of power or . f lood con t ro l ?  I cannot  a n s w e r  that.  
We migh t  r emind  o u r s e l v e s  that the man who s e l l s  
gaso l ine  to  a touris t  m a y  a l s o  be a f i she rman ,  and  he  
m a y  also need both power  and flood control .  Such a n  
analysis indicates  to  m e  that each  pe r son  or  e a c h  g r o u p  
is for conservat ion,  b e c a u s e  h e  is applying the w o r d  to 
the things that i n t e r e s t  o r  benefit  him. 

With th i s  gene ra l  s t a t e m e n t  in  mind le t  u s  e x a m i n e  
the f i e ld  of w a t e r - r e s o u r c e  development .  A l l  of u s  
r ecogn ize  that we a r e  p a r t  of a growing nation, burgeon-  
ing with new indus t r i e s  and  new babies,  and  we are 
using w a t e r  at an  unprecedented r a t e .  T h e r e f o r e  a l l  of 
u s  think that the conse rva t ion  of w a t e r  is n e c e s s a r y  and 
des i r ab le .  
vat ion? A s  a prelude to an a t t empt  to ar iswer  that 
quest ion,  l e t  m e  r ev iew s o m e  hydrologic  f ac t s .  

J u s t  what would we m e a n  by w a t e r  c o n s e r -  

W a t e r  is a r e s o u r c e  which we ca l l  renewable.  Though 
w a t e r  is constant ly  flowing to  the oceans  i t  is being 
r e p l a c e d  by rainfall .  T h e  amount  of w a t e r  wh ich  f a l l s  
each y e a r  as precipi ta t ion a v e r a g e s  about 30 inches  
for cont inental  United S ta t e s .  Tha t  i s ,  the w a t e r  f a l l -  
ing annual ly  a s  p rec ip i t a t ion  would c o v e r  the whole 
area of the country to  a depth of about '24 feet .  

, 

P a r t  of this w a t e r  s i n k s  into the ground and  p a r t  r u n s  
off the  s u r f a c e ,  co l l ec t s  i n  s t r e a m  channels  and f lows 
t o  the sea. 
t aken  u p  by plants and  r e t u r n e d  to the a t m o s p h e r e  by 
t r a n s p i r a t i o n  through the l eaves .  P a r t  of the w a t e r  
s i n k s  d e e p  enough into the ground to add to  the free 
w a t e r  of the s a t u r a t e d  zone. 
Zone is what is ca l l ed  the w a t e r  table.  

Much of that which s inks  into the g round  is 

The  top of the s a t u r a t e d  

T h i s  g round  w a t e r  is s e l d o m  s t a t iona ry ,  but f lows 
Slowly u n d e r  the inf luence of gravi ty .  Ground w a t e r  
t ends  to r e a p p e a r  sooner  or l a t e r  at the s u r f a c e .  e i t h e r  
i n  s t r e a m  channels  o r  along the m a r g i n s  of the con-  
t inent  i n  the ocean. To c l a r i f y  this ,  did you e v e r  won-  
der how r i v e r s  and s t r e a m s  m a y  continue to  flow dur ing  
long p e r i o d s  of no r a in fa l l ?  The  flow in r i v e r s  du r ing  
f a i r  w e a t h e r  is w a t e r  d ra in ing  slowly out  of the ground 
in to  s u r f a c e  s t r e a m s .  It i s  v e r y  impor t an t  to keep  i n  
m i n d  that  ground w a t e r  and  s u r f a c e  w a t e r  are not 
s e p a r a t e  and  dis t inct ,  but c lose ly  in t e r r e l a t ed ,  as if 
they w e r e  two r e s e r v o i r s  piped together.  

Mos t  of the w a t e r  which f lows in s u r f a c e  s t r e a m s  
h a s ,  i n  fact, a l r e a d y  been inf i l t ra ted into the ground,  
a n d  is reappea r ing  in the f o r m  of s u r f a c e  flow in the 
r i v e r  channel .  
the-ground flow o c c u r  which con t r ibu te s  runoff d i r ec t ly  
to  s t r e a m s  without p a s s i n g  through the ground.  

Only du r ing  intense s t o r m s  dues  o v e r -  

The  amoun t  of w a t e r  that  is r e t u r n e d  to  the a t m o s -  
phe re  by d i r e c t  evaporat ion and  by the t r ansp i r a t ion  of 
plants  is a l a r g e  pe rcen tage  of the total  which f a l l s .  
Only about  one-fourth of the precipi ta t ion that f a l l s  over 
the coun t ry  r e a c h e s  the s e a  in  the f o r m  of runoff. If 
t h r e e - q u a r t e r s  of the r a in  which f a l l s  does  not r each  
the r i v e r s  and then the sea. i s  i t  wasted? Cer t a in ly  
not en t i r e ly ,  f o r  f r o m  that t h r e e - q u a r t e r s  c o m e s  the 
w a t e r  u sed  to grow f o r e s t s  and a g r i c u l t u r a l  crops-all 
the l iving g r e e n  plants  which a r e  n e c e s s a r y  to  maintain 
l ife and  t o  provide the o rgan ic  m a t e r i a l s  we w e a r ,  the 
food w e  eat ,  the l u m b e r  we build with, and o t h e r  
o rgan ic  things which we need and which m o d e r a t e  our  
c l ima te .  One can a s k  how efficiently that t h r e e -  
q u a r t e r s  of the total  is ?pplied to the product ion of 
useful  biol2gic p roduc t s ,  but I s h a l l  not d i s c u s s  that 
l a r g e  sub jec t  in th i s  brief presentat ion.  

Let  u s  look a t  the o t h e r  o n e - q u a r t e r  of , the w a t e r  
which flows in r i v e r s  to the s e a .  
p rec ip i t a t ed  w a t e r  is not t r a n s p i r e d  o r  evapora t ed  to 
the a t m o s p h e r e  and i s  the port ion we d r a w  on for  our 
use .  
m e a n  i n  the p r e s e n t  d i scuss ion  by " w a t e r  use.  " When 
p a s s i n g  through the turbines  of a hydroe lec t r i c  power.. 
p lant  w a t e r  i s  not a l t e r ed ,  diminished,  or in any way 
consumed.  T h e r e f o r e  we define one type of w a t e r  use 
as nonconsumptive-a  use  which does  not d imin i sh  the 

A q u a r t e r  of the 

It is n e c e s s a r y  a t  the ou t se t  to  define what we 

supply.  

In c o n t r a s t ,  c o n s i d e r  w a t e r  used for  i r r iga t ion .  The 
whole pu rpose  i s  to put w a t e r  i n  the s o i l  w h e r e  plant 
r o o t s  c a n  a b s o r b  it. Most of the w a t e r  taken up by a 
plant p a s s e s  out of the s t o m a t a  of the l eaves  into the 
a t m o s p h e r e  as vapor .  A s m a l l  p a r t  of the w a t e r  taken 
u p  by the plant is used in  the photosynthetic p r o c e s s ,  
t ha t  is, i n  the manufac tu re  of s u g a r s  o r ,  l e t  u s  s a y ,  
plant t i s sue .  
a l l  of the wa te r  is lost to ' fur ther  u se  because  i t  is 
r e t u r n e d  to  the a tmosphe re .  
w a t e r  is consumed.  

Thus  i f  i r r i ga t ion  is comple t e ly  efficient,  

We may  s a y  that s u c h  

The  pr incipal  uses of w a t e r  withdrawn f r o m  s u r f a c e  
s t r e a m s  o r  f rom the ground include i r r iga t ion  and 
municipal  and industr ia l  supp l i e s .  
p r i m a r y  consumptive u s e  of wa te r .  
of the w a t e r  diverted-taken out  of a s t r e a m  o r  pumped 
f r o m  the ground-is ios t  to  the a t m o s p h e r e .  T h e r e  is 
cons ide rab le  inefficiency in  the i r r iga t ion  p r o c e s s .  
W a t e r  s e e p s  into the bed and banks of unlined c a n a l s ,  a 
cons ide rab le  p a r t  s i n k s  down into the ground out  of the 
r e a c h  of the roo t s  of the i r r i g a t e d  c r o p ,  and s o m e  i s  
evapora t ed  d i r ec t ly  to the a t m o s p h e r e .  We wil l  r e tu rn  
to  th i s  m a t t e r  and c o n s i d e r  the quant l t ies  involved in a 
moment .  

I r r iga t ion  is the 
By no m e a n s  a l l  

A pr inc ipa l  u s e  of w a t e r  is for public supp l i e s .  By 
no  m e a n s  a l l  of the w a t e r  withdrawn for public supp l i e s  
i s  u sed  in  the household.  J u s t  as you s p r i n k l e  your  lawn 
with w a t e r  f rom the tap, that  i s ,  you sp r ink le  with clean 
or potable  wa te r ,  s o  a l s o  indus t r i a l  plants  u s e  a l a r g e  
amoun t  of w a t e r  f r o m  public supp l i e s  in the i r  manufa<:- 
t u r ing  p r o c e s s e s .  These  indus t r i a l  u s e s  include w a s h -  
ing,  dilution, cooling, s t e a m  generat ion,  was t e  d l spos  - 
a l ,  and  s o m e  w a t e r  is used  up in the product  manufac-  
tured.  Thus  industr ia l  plants  u s e  up  o r  c o n s u m e  s o m e  
wa te r .  but a r e l a t ive ly  s m a l l  pe rcen tage  c o m p a r e d  to 
i r r iga t ion .  



n o u g h  a l a rge  n u m b e r  of i ndus t r i e s  buy w a t e r  f r o m  
pbllc supply s y s t e m s ,  and  even  l a r g e r  n u m b e r  develop 
isrdivldual suppl ies  e i t h e r  by dr i l l ing t h e i r  own wel l s  
Fc by developing surface suppl ies  f rom l a k e s  or 

We can, t h e r e f o r e ,  speak  of s e l f - supp l i ed  
.L.dusirlal u se  as d i f fe ren t  f rom use of public suppl ies .  

Household uses inc lude  cooking, washing, s a n i t a r y  
.Lc8, waste  d isposa l  in the kitchen s ink.  

,tdusehold u s e s  a r e  l i ke  indus t r i a l  uses-mostly non- 
The  l a r g e s t  p a r t  of w a t e r  u sed  f r o m  

F4bllc suppl ies  is re tu rned‘ to  s e w e r s  and thence to 
.“rface s t r e a m s .  

The  h o m e  
a l s o  uses s o m e  w a t e r  f o r  i r r iga t ion  or spr inkl ing .  

oosumptive. 

m r a l  u s e s  of w a t e r  a r e  most ly  f o r  d o m e s t i c  p u r -  
poses and s tock  wa te r ing ,  and  thus a r e  pa r t ly  
t o n ~ ~ m p t ~ v e .  

Water power is a n  impor t an t  use  in t e r m s  of the  
*mount of wa te r  p a s s i n g  through turb ines  but is non- 
consumptive in c h a r a c t e r .  Because  w a t e r  power  use  
does not involve wi thdrawal  f rom the r i v e r  or the 
ground, I am not go ing  to d i s c u s s  i t  f u r t h e r  he re .  

In the United S ta t e s  as a whole. the p r e s e n t  w a t e r  
use, excluding that for w a t e r  power,  is about 240 ,000  
million ga l lons  p e r  day. Remember ing  that t h r e e -  
qua r t e r s  of the total p rec ip i t a t ed  wa te r  no rma l ly  re- 
turns to the a t m o s p h e r e ,  the total  ava i lab le  one-  
quar te r  cons i s t s  on the a v e r a g e  of about 1 ,  200, 000 
mgd, 
5 available,  but c o n s u m e  only a portion of each  gallon 
we use. 

Thus  we now u s e  about one gallon out of e v e r y  

Let us now c o n s i d e r  which of the v a r i o u s  u s e s  a r e  the 
largest .  d U s e  of w a t e r  f o r  development of e l e c t r i c  
power is excluded f r o m  the da ta  below. 

Tota l  
Mill ion Withdrawn 
ga l lons  (mill ion (pe rcen tage )  
p e r  day gallons 

Pe r  day)  

Public Supplies 17,000 m g d  7 
Rural U s e  3,000 1 
Irrigation 

Delivered t o f a r m s  81, 000 
Conveyance l o s s e s  29,000 
Tota l  withdrawn 1i0,oOo 110,000 46 

46 lndus t r i a l  110,000 
Self Supplied 

- 
Approximate total  240.000 100 

This means  that 92 percen t  of a l l  the w a t e r  wi th-  
drawn for use  is m a d e  up of i r r iga t ion  and  se l f - suppl ied  
Indus t r ia l  u ses  T h e s e  two are about equa l  in amount.  
One Of these two  u s e s ,  i r r iga t ion ,  is by f a r  the l a r g e s t  
or a l l  consumptive uses. 
that only about t h r e e  ga l lons  out of e v e r y  four d ive r t ed  
are ac tua l ly  de l ive red  to the f a r m ,  the o t h e r  ga l lon  is 
lost in conveyance That  which is de l ive red  to the 
f a r m  ls, to a g r e a t  ex ten t ,  returned to the a tmosphere .  
P a r t  of the wa te r  de l ive red  to the f a r m ,  as well a s  
some los t  in conveyance ,  s i n k s  into the ground. Po r t ions  

It IS not an  efficient ube i n  

- 
Data adapted f r o m  Mactiichan, K. A . ,  1 9 5 7 ,  

Es t ima ted  Use of W a t e r  i n  the United S ta t e s .  1955; 
u. S. Geol.  Surv.  C i r c u l a r  398.  
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m a y  r e c h a r g e  ground-water  suppl ies  and  s o m e  r e a c h  
s u r f a c e  d r a i n s  and thence s t r e a m  channels  again.  It 
m u s t  be recognized  that w a t e r  which we t s  the soil 
p a r t i c l e s  wil l  eventua l ly  be evapora t ed  o r  t r ansp i r ed ,  
and only a f t e r  the s o i l  is mois tened  c a n  wa te r  pe rco -  
l a t e  downward through the p o r e s  or i n t e r s t i c e s  to the 
ground w a t e r  table .  Now t r ansp i r a t ion .  l ike any 
evapora t ive  p r o c e s s ,  l eaves  the s a l t s  o r  d isso lved  
m i n e r a l s  behind. Thus  r e t u r n  flow from i r r iga t ion ,  
tha t  is, the p a r t  not t r ansp i r ed  to the a tmosphe re ,  i s  
h ighe r  in s a l t s  than or ig ina l ly  and s o m e t i m e s  cannot 
be  used  aga in  f o r  i r r iga t ion  because  of the concen-  
tration of disso lved  ma te r i a l .  

Return ing  to w a t e r  withdrawn f o r  o t h e r  u ses ,  l e t  
u s  rev iew what happens  to i t .  
are to a l a r g e  ex ten t  t r ea t ed  to purify the wa te r .  
Usually this  cons i s t s  of s e t t l i ng  or  f i l t ra t ion to ge t  r id  
of the pa r t i c l e s  of fore ign  m a t e r i a l  and to oxid ize  
o rgan ic  ma t t e r ;  subsequent ly  nea r ly  a l l  public w a t e r  
is chlor ina ted  to kil l  the remain ing  g e r m s .  
de l ive red  to your  house  h a s  been t r ea t ed  for y o u r  
pro tec t ion  and this  c o s t s  money. Y e t  the amount  
suppl ied  is s o  l a r g e  in  compar i son  with the cos t ,  that 
we are used  to paying but a p repos t e rous ly  s m a l l  
cha rge  f o r  what we a r e  gett ing.  W e  pay on  the aver- 
age  about 5 cen t s  p e r  ton of w a t e r  de l ive red  at ou r  
k i tchen  s ink.  
thing e l s e ,  coal,  gaso l ine ,  food, o r  s t r u c t u r a l  s t ee l .  
The low cos t  of w a t e r  is undoubtedly one of the things 
which m a d e  o u r  p re sen t  s t anda rd  of l iving poss ib le ,  
f o r  i t  means  that w a t e r  f o r  c leanl iness ,  health,  and 
convenience is ava i lab le  to nea r ly  everybody. 

Publ ic  w a t e r  suppl ies  

Wate r  

Imagine what we pay f o r  a ton of any-  

Af te r  we have  used  the wa te r ,  i t  goes  down the 
d r a i n  into the s e w e r .  
Publ ic  wa te r - t r ea tmen t  p lan ts  s e r v e  115,000,000 
people  in the United S ta t e s ,  but only p a r t  of the 
communi t i e s  t r e a t  the w a t e r  before  d ischarg ing  i t  
back  into the r i v e r s .  
s e w e r s ,  that is, d ispos ing  of was te  into s t r e a m s ,  only 
6,600 have  sewage  t r ea tmen t  plants .  
with s e w e r s  s e r v e  a population of 92 ,000 ,000  p e r s o  S. 
but sewage  t r ea tmen t  p lan ts  s e r v e  only 56,000,00027. 
Thus less than 2/3 of the c i t i e s  have sewage  t r ea tmen t  
and  many of the ex is t ing  p lan ts  are inadequate to t r e a t  
all the sewage  coming  to them. 

Here  is where  one t rouble  l i e s .  

Of 12.000 munic ipa l i t i es  having 

Municipali t ies 

Of a s a m p l e  cons i s t ing  of 2 ,600  indus t r i a l  plants ,  
only 1, 100 or about half are known to have adequate  
p lan ts  for t r ea t ing  the i r  was t e  water. 
was te  of indus t ry  and  of munic ipa l i t i es  is cons ide red  
toge ther ,  the amount equals  the sewage  was te  of a 
population of 150,000,000 persons:/. 

If the un t r ea t ed  

Cons ide r ing  the a v e r a g e s  just  d i s c u s s e d  one  could 
s u m m a r i z e  by say ing  that this  coun t ry  is for tuna te ly  
endowed with l a r g e  amounts  of w a t e r  of which about 
a q u a r t e r  of the total  is ava i lab le  to d raw on f o r  our 
use.  On the a v e r a g e  we a r e  using only one gallon out 
of e v e r y  five ava i lab le  and  one might suppose,  t h e r e -  
f o r e ,  that t h e r e  i s  wa te r  a-plenty.  Shor t ages  o c c u r  
because  of nonuniformity of d i s t r ibu t ion  in t ime and 
geographica l ly .  T h e s e  c h a r a c t e r i s t i c s  of m a l d i s t r i -  
bution are to be expec ted  f r o m  the f ac t  that  we l ive  
on a l a r g e  continent a t  middle  la t i tudes  and the con- 
t inent i s  va r i ed  in  topography. 

?/ Data f rom ” W a t e r  Pollution in the Un i t eds t a t e s ,  ” 
1951. I:. 5. Publ ic  Health Serv ice .  



ates in the United S ta tes  a r e  de t e rmined  
by the s i z e  of the  continent and  its posit ion 
o t h e r  cont inents  and the oceans  on o u r  e a r t h ,  
inental  m a s s e s  tend  to be hot in the s u m m e r  
the win ter ,  owing to the fact  that  the ground 
s t o r e  but s m a l l  amounts  of hea t  ene rgy .  

anti yi.nr'r a1 c i r cu la t ion ,  a 
the path r i f  m o i s t u r e  c a r r i e d  

c e a n s .  Over  the United 
s the principal s o u r c e s  uf rno is iure  a r e  two. A i r  

ses which or ig ina te  o v e r  the Pac i f ic  tend to move  
f r o m  the W e s t  Coas t  The  second m o i s t u r e  
is the Gulf of Mexico, f rom which a i r  m a s s e s  

in a g rea t  q u a r t e r - c i r c l e  nor thward  and  eas tward  
om the Gulf to the Atlantic Seaboard .  

n the West Coas t  the c l ima te  is comparab le  to that 
e Medi te r ranean ,  with d r y  s u m m e r s  and  m a x i m u m  
fall in  winter .  T h i s  gradual ly  changes  f rom W e s t  
a s t .  the cen t r a l  United S ta t e s  is c h a r a c t e r i z e d  by a 

a1 c l imate  of co ld  win te r s  and hot s u m m e r s  
p rec ip i t a t ion  in s u m m e r .  It can  be  
hat the s i z e  and posit ion of the con-  
l ive,  a s  wel l  as the d is t r ibu t ion  of 
ns, c r e a t e  nonuniform dis t r ibu t ion  
both t ime  and space .  T h i s  imp l i e s  
sons of the y e a r  wa te r  f r o m  p rec ip -  
y plentiful  and  a t  o the r  s e a s o n s  

Super imposed  on this  geographic  and s e a s o n a l  v a r -  
tion i n  prec ip i ta t ion  is a yea r - to -yea r  var ia t ion .  Each  

uccess ive  y e a r  is somewha t  d i f fe ren t  f r o m  the last- 
m e  high in rainfall  and  s o m e  low. The  a r e a s  b l e s sed  
th the l a r g e s t  total  tend a l s o  to be sub jec t  to l e s s  
a r - t o - y e a r  var ia t ion .  On the o the r  hand, a s  i f  semi- '  
idity w e r e  not a l r eady  a sufficient lack of for tune ,  
ch  areas b e a r  the additional burden of the g r e a t e s t  
r iabi l i ty .  Por t ions  of wes t - cen t r a l  T e x a s ,  f o r  
ample ,  a r e  s e m i - a r i d ,  to s a y  the l ea s t ,  and  ye t  hold 
m e  w o r l d ' s  r e c o r d s  f o r  excess ive  s t o r m  prec ip i ta t ion ,  
d f o r  flood d i scha rges  f r o m  dra inage  a r e a s  of p a r t i c -  
a r  s i z e .  It can  be sa id ,  t he re fo re ,  that  a bas i c  e l e -  
en t  of o u r  water  p r o b l e m s  is that s o m e  a r e a s  and 

some  pe r iods  a r e  water -def ic ien t .  

i nc reas ing  suppl ies  of w a t e r  In o r d e r  to ge t  t hese  
i n c r e a s e d  quantit ies e i t h e r  s o m e  o the r  u s e  must  be 
cu r t a i l ed ,  o r  wa te r  m u s t  be t r anspor t ed  f rom a r e a s  
of e x c e s s  to the place where  suppl ies  a r e  needed, and 
at c o s t s  far in e x c e s s  of the cos t  of s i m i l a r  amounts  of 
w a t e r  developed in  the pas t .  

If expanding indus t ry  in the Eas t  is to have  the addi -  
t ional w a t e r  suppl ies  needed ,  i t  will usually be 

n e c e s s a r y  to t r e a t  that w a t e r  to improve  its quality 
and thus the expense  will  be much g r e a t e r  than in t h e  
pas t  when the readi ly  ava i lab le  wa te r  w a s  of requislre 
quali ty.  

So it  can  be s e e n  that wa te r  p rob lems  a r e  of th ree  
bas i c  types.  Wate r  may be immedia t e ly  ava i lab le  b,,r 
m a y  be of i m p r o p e r  quality and ,  t h e r e f o r e ,  t rea tment  
is n e c e s s a r y  that m a y  o r  m a y  not m a k e  the cos t  pro.  
hibit ive.  
The  second  type of problem is that a s soc ia t ed  with a 
phys ica l  sho r t age  of wa te r  suff ic ient  f o r  the des i r ed  
uses .  T h i s  a l s o  r educes  to a mat , te r  of cos t  because  !(, 

i n c r e a s e  the supply in an  a r e a  which is deficient in 
total  amount  cequ i r e s  e i t h e r  that  the money be spent  t o  

br ing  w a t e r  in f rom e l sewhere ,  o r  the u s e  i tself  mus t  
be  moved to the p lace  where  w a t e r  is ava i lab le .  

The  f i r s t  p roblem is the problem of cost .  

The  th i rd  problem is the l ega l  problem of wa te r  
r ights .  
of developing a new s o u r c e ,  o r  t r anspor t ing  wa te r  f r o n  
a g r e a t  d i s tance ,  i t  may be prevented  from doing so  
because  of the fact  that  o t h e r s  have  the legal r igh t  to 
that w a t e r .  In such  an i n s t ance  the lega l  owner s  musl 
be paid to re l inquish  their  r ight .  T h i s  a l so ,  then, r e -  
duces  to a ques t ion  of economics ,  p re suming  that if 
one can  pay a high enough p r i c e  he can  pu rchase  even 
someth ing  d e a r  to the p re sen t  owner.  

If a p a r t i c u l a r  u se  can  actually b e a r  the cost  

I have dea l t  with these  gene ra l  wa te r  p rob lems  in a 
m o s t  c u r s o r y  way, and i t  should be recognized  that i n  
ac tua l  p rac t i ce  the re  are many ramif ica t ions .  
neve r the l e s s  t r u e ,  I believe,  that  poor  quali ty of water ,  
phys ica l  sho r t age  of wa te r  f o r  a l l  uses, and  lega l  righl~1 
to w a t e r  all have a common economic  base .  T o  the 
m a n  who can  pay enough these  p rob lems  are so luble  
Whether  the p r i ce  n e c e s s a r y  can  be just i f ied by the 
benefit  r ece ived  is the i s sue .  The economic  J u s t i f i -  
cation. however ,  is par t ly  influenced by what we have 
been  accus tomed  to cons ide r  to be the va lue  of water.  
Only now are people beginning to r ea l i ze  that we have 
a lways  obtained w a t e r  f o r  barga in  p r i c e s .  
s t e e l  o u r s e l v e s  to a new concept of what wa te r  real ly  
is wor th .  
realization. 

It IS 

We must  

The  economy will  g radual ly  ref lect  this  

None of the p rob lems  c i ted  so far s e e m  to have any 
spec i f i c  bea r ing  on the idea of conserva t ion  of water .  
Let us ,  t he re fo re .  r e f e r  back to the definit ions of 
conse rva t ion  mentioned e a r l i e r  in an  a t tempt  to iden- 
tify w a t e r  p rob lems  which could be ca l led  problems df 
wate r  conserva t ion .  By one s e t  of deflnit ions,  c o n s e r -  
vation, we sa id ,  h a s  two aspec t s ;  u s e  on a sus ta ined  
y ie ld  b a s i s  i n  the c a s e  of renewable  r e s o u r c e s ,  and 
o r d e r l y  development without undue was te  in :he c a s e  
of nonrenewable r e s o u r c e s .  

Are we using w a t e r  on a s u s t a m e d  yield bas i s?  In 
the b roades t  s e n s e  the total  w a t e r  budget can  be affect-  
ed  but l i t t le  by man. Water  is continuously regenernrcc1 
and pur i f ied  in the na tura l  p r o c e s s  ca l led  the hydrglt-gl' 
cyc le .  F r o m  ocean  to a tmosphe re ,  to the land and b.lck 
to the a i r  by evapora t lon  o r  to the ocean  in r i v e r s ,  
w a t e r  moves  in a never -ending  cyc le .  
within our reach ,  we use w a t e r  as  we need i t .  Al te r  
its t empora ry  s e r v i c e  i t  continues its na tu ra l  c o u r s e  
in unending c i r cu i t .  

A s  i t  p a s s e s  

But a t  any given place o r  i n  any s h o r t  per iod  of l ime 
we can  indecd u s e  i t  f a s t e r  than i t  i s  supplied.  In watel' 



an d raw on s t o r a g e .  g radua l ly  depleting i t ,  j u s t  as 
ndling money we c a n  d r a w  out of o u r  cap i t a l  r a t h e r  
llve on the i n t e r e s t  of o u r  money What is the 

r e  of this  s t o r a g e ?  T h e  p r inc ipa l  example  is in 
nd w a t e r .  
e pr incipal  aqu i f e r s .  o r  wa te r -bea r ing  fo rma t lons ,  
e United States .  A s  w a t e r  is drawn f r o m  these 
ers i t  tends to be r e p l a c e d  by inf i l t ra t ion of p r e -  
ation. but i t  is qui te  poss ib l e  to pump w a t e r  out  

An i m m e n s e  amount  of w a t e r  is s t o r e d  

than r e c h a r g e  is rep len i sh ing  the s t o r a g e .  W a t e r  
s lowly underground and the s t o r e d  supply in  
laces accumula t ed  o v e r  a v e r y  long t ime.  T h e  
w a t e r  tables  we r e a d  about  occur  as a r e s u l t  of 
g f a s t e r  than the r a t e  of natural  r ep len i shmen t  
1 this  "mining" of g round  water .  
where  pumping h a s  c a u s e d  a s e r i o u s  lowering of 

le,  but t h i s  is by no means  u n i v e r s a l  o v e r  
The  t roub le  s p o t s  a r e  most ly  concen t r a t ed  

T h e r e  a r e  many 

sou the rn  Nevada, sou thwes te rn  Utah, 
ona and New Mexico, wes t  T e x a s ,  and  

being mined  i n  these a r e a s  because  
ncial ly  prof i table  to do so. Contin-  
s o o n e r  or later-and I might  add  
places-mean e i the r  exhaust ion of 
o r  s u c h  a n  i n c r e a s e  in  pumping c o s t  

o ground w a t e r  i n c r e a s e s  that  pumping b e -  
ncially unprofi table .  In c e r t a i n  a r e a s  the 
qu i f e r  wil l  not become  rep len i shed  in the 

e t ime  of o u r  g randch i ld ren  o r  the i r  g randch i ld ren .  

Mining of ground w a t e r  is a problem in conse rva t ion  
the t r u e s t  s e n s e  of the word ,  because i t  involves  the 
nciple of exhaushon  r a t h e r  than sus t a ined  yield of 
enewable r e s o u r c e .  

s t e s  to a disposal  a r e a .  

t h i s  light, t he re fo re ,  i t  is logical that  we should 
w a s t e s  into r i v e r s ,  but the problem c o m e s  i n  

m u c h  was te  and in  what  condition. A g r e a t  manv  
e products ,  i ndus t r i a l  a s  well  a s  s a n i t a r y ,  are 
m p o s e d  eas i ly  in  the p r e s e n c e  of oxygen and,  a f t e r  
oxidation, become  inoffensive a s  far as o d o r ,  
, and  o t h e r  n o r m a l  qual i t i tes  a r e  conce rned .  Some  
r i a  are a l s o  d e s t r o y e d  in the oxidation p r o c e s s .  
n o r m a l  s u r f a c e  w a t e r s  contain a cons ide rab le  

ount of dissolvedoxygen and  when was te  is dumped 
s u c h  w a t e r  the oxidat ion p r o c e s s  begins  natural ly .  
ere is not an  ove r load ,  the oxidation goes  on to 
pletion. When, however ,  m o r e  was te  m a t e r i a l  is 
in to  the s t r e a m  than c a n  be  decomposed by the 
i l ab le  oxygen, i t  is then that our o l f ac to ry  and 
ua l  s e n s e s  a r e  ou t r aged  and  hygiene endange red  

r an t ing  that s o m e  w a t e r  pas s ing  to  the ocean  con-  
t u t e s  a u s e  r a t h e r  than a was te  of w a t e r ,  we m a y  
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a s k  whe the r  the loss of flood w a t e r s  to the ocean  is a 
waste .  
o v e r  a pe r iod  of t ime  allowing m o r e  uti l ization of the 
wa te r .  
we ought to  know how much  w a t e r  actual ly  p a s s e s  
du r ing  a flood as c o m p a r e d  with n o r m a l  pe r iods  of high 
w a t e r  and lo* flow. 
c h a r g e  in  e x c e s s  of channel  capaci ty .  
r e s u l t s  f r o m  w a t e r  flowing o v e r  the flood plain a t  t i m e s  
when the d i scha rge  is g r e a t e r  than c a n  be contained in  
the n o r m a l  s t r e a m  channel .  A computat ion shows  that 
on  the a v e r a g e  the amount  of w a t e r  d i scha rged  by a 
r i v e r  du r ing  those pe r iods  when the flow exceeds  chan-  
nel  capaci ty ,  amoun t s  to about  5 pe rcen t  of the total  
annua l  f lou of the r i v e r .  Thus  i t  can be s e e n  that the 
p ropor t ion  of the total  w a t e r  which can  actual ly  be 
conse rved  by s t o r i n g  i t  du r ing  pe r iods  of damag ing  
flood is relat ively s m a l l .  

Flood w a t e r s  can  b e  s t o r e d  and  d i s t r ibu ted  

To set the s t a g e  for an  a n s w e r  to this  ques t ion  

A flood c a n  be defined a s  a d i s -  
Flood d a m a g e  

T h e  effect  of s t o r a g e  in  r e s e r v o i r s  is to i r o n  out  the 
i r r e g u l a r i t i e s  of flow and  thus gain con t ro l  o v e r  as 
l a r g e  a port ion of the avai lable  w a t e r  a s  the r e s e r v o i r  
capac i ty  wil l  allow. 
to the amoun t  of con t ro l  which can  be e x e r c i s e d  by 
r e s e r v o i r  s t o r a g e  owing to  the f ac t  that  the second  
unit of s t o r a g e  provided in  a d ra inage  bas in  g ives  l e s s  
con t ro l  than the f i r s t  unit, the third unit  s t i l l  less and 
s o  fo r th ,  following what is popular ly  cal led the law of 
diminishing r e t u r n s .  
cons ide r ing  a s h a r p - c r e s t e d  hi l l  on which we want to 
develop a flat piece of ground to bulld a house.  Only 
a s m a l l  amount  of d i r t  r emoved  f rom the s h a r p  c r e s t  
of the h i l l  wi l l  develop a f la t  a r e a  wide enough for a 
one - room cabin.  
a two-room.house w e  m u s t  move  away and d i spose  of 
a much  larger amoun t  of dir t ;  to build a t h ree - room 
house  even  a m u c h  g r e a t e r  volume m u s t  be moved. T o  
develop the absolute  max imum possible  s p a c e  r e q u i r e s  
that we move  the whole mountain.  

T h e r e  is .a definite l imi t ,  however ,  

- 

T h i s  can  be exemplif ied by 

B u t  to widen the area to accommoda te  

Now the flood h a s  a s h a r p  c r e s t  and is t r i angu la r  in  
f o r m ,  as is the hil l ,  for i t  h a s  a r i s i n g  s i d e  a n d  a 
r e c e s s i o n  s ide .  T h e  peak flow is the top of the t r i an -  
gle.  
amoun t  of s t o r a g e  is c o m p a r a b l e  to the amount  of d i r t  
r e m o v e d  f r o m  the mountain.  
e n t i r e l y  we m u s t  store a l l  of i t ,  j u s t  as we had to  move 
the whole mountain.  
m e n t  of control  of flood w a t e r  r e q u i r e s  a l a r g e r v o l u m e  
of s t o r a g e .  
o v e r  w a t e r  from a y e a r  of a m p l e  s t r eamf low to fu rn i sh  
w a t e r  du r ing  a d r y  s e r i e s  of y e a r s .  
of con t ro l  c o s t s  m o r e  than the p reced ing  one. 

We want to s t o r e  the peak in  a r e s e r v o i r ,  a n d  the 

To e l imina te  the flood 

To gain e a c h  s u c c e s s i v e  i n c r e -  

The s a m e  p r inc ip l e  app l i e s  to c a r r y i n g  

Every  i n c r e m e n t  

How m u c h  of the max imum poss ib l e  con t ro l  of w a t e r  
have  we gained by the r e s e r v o i r s  a l r e a d y  built in the 
United S ta t e s?  In the Southwest the avai lable  r e s e r v o i r  
s t o r a g e  is well  a long toward a l a r g e  pe rcen tage  of 
poss ib l e  control ,  owing to  the f ac t  that  r e s e r v o i r  
s t o r a g e  h a s  been just i f ied by i r r iga t ion .  In e a s t e r n  
United S ta t e s  the r e s e r v o i r  s t o r a g e  i s ,  on the whole,  
so s m a l l  that  only a m i n o r  p a r t  of possible  con t ro l  is 
being e x e r c i s e d .  However,  the E a s t  i s  s o  b l e s s e d  wlth 
r e l a t ive ly  high and u n i f o r n  precipi ta t ion that to date  
only a s m a l l  amount  of con t ro l  h a s  been n e c e s s a r y .  
'The fu tu re  will no doubt s e e  development  of a l a r g e r  
p e r c e n t  of con t ro l  a s  w a t e r  needs  cont inue to expand. 

Loss of flood w a t e r s  to the ocean,  then, is not the 

. 

s a m e  kind of prob lem as mining of ground w a t e r  



of sewage  f rom the c i ty  in which we live.  Water  t r e a t -  
men t  c o s t s  money and ,  as in  the c a s e  of mo’st o t h e r  
water p rob lems ,  the root of ou r  difficult ies is what w e  
are will ing to pay for, and how much. I think you will  
a g r e e  that the f i g u r e s  are deplorable  and even  a s ton i sh -  
ing. Le t  m e  repea t  them.  
t r ea t ed  was te  of i ndus t r i e s  and c i t i e s  is equiva len t  to 
the un t r ea t ed  sewage  of a population of 150, 0 0 0 ,  000 
pe r sons .  I t  is probable ,  t he re fo re ,  that  among u s  h e r e  
not one  pe r son  in ten l i v e s  i n  a city which t r e a t s  a l l  of 
i t s  munic ipa l  and indus t r i a l  was te .  

In the United S ta t e s  the un- 

Pollution, then, involves  both the economic  and  the 
e s the t i c  or ethical  a s p e c t s  we have  mentioned. 
technology is readi ly  ava i lab le  to e l imina te  the pollu - 
t ion problem.  
of having c lean  s t r e a m s ,  we a r e  placing an e s the t i c  o r  
e th i ca l  va lue  on the r e s o u r c e .  However; to ga in  the 
e s the t i c  advantage r equ i r e s .  money, and  as a whole,  the 
Amer ican  public h a s  been will ing only to foot the bil l  
for s o m e  control of pollution but by no  m e a n s  f o r  a 
comple te  job. 
look is hear ten ing .  T r e a t m e n t  of was te s ,  a f t e r  a l l ,  i s  
just i f ied as both a public hea l th  m e a s u r e  and  as an  es- 
thet ic  m e a s u r e .  
will ing to spend money though the benefits  cannot be 
m e a s u r e d  in do l l a r s  and  cen t s .  

The  

When we cons ide r  the intangible n i ce t i e s  

Yet p r o g r e s s  has  been m a d e  and the out- 

Pub l i c  health is a f ie ld  in  which we are 

I have  a t tempted  to ana lyze  a few b road  p r o b l e m s  i n  
the  f i e ld  of wa te r  r e s o u r c e s  as they b e a r  on the c o n s e r -  
vation movement.  Conserva t ion  as a concept  is based  
e s sen t i a l ly  on  the d e s i r e  to provide f o r  o u r  g r a n d -  
ch i ld ren  s o m e  va lues  which we enjoy but which can  be 
des t royed .  Looking toward  the p re se rva t ion  of these  
va lues ,  the conserva t ion  movement has  r e s u l t e d  in the 
recogni t ion  of two l ines  of action-sustain the y ie ld  of 
renewable  r e s o u r c e s ,  and develop i n  an  o r d e r l y  m a n n e r  
without undue w a s t e ,  the nonrenewable ones .  Both of 
these  c o u r s e s  of ac t ion  are based  in p a r t  on es the t i c ,  
e th i ca l ,  o r  at l ea s t  nonpecuniary cons idera t ions-  
s o c i a l  r a t h e r  than economic  values.  i f  you will. 

Our v ica r iousness  p rompts  u s  to inves t  e s the t i c  and 
e th i ca l  value with s p e c i a l  m e r i t  o r  cons ide ra t ion ,  and 

we labe l  these  things with spec ia l  names .  
s t ance  we give s p e c i a l  cons idera t ion  to c a u s e s  o r  to 
ac t ions  which can  be labe led  “conserva t ion  p r a c t i c e s . ”  
We are, the re fo re ,  likely to have many quite d i f fe ren t  
c a u s e s  o r  ac t ions  p re sen ted  to u s  as conse rva t ion  when 
in fact  they are qui te  an t i the t ica l  to conserva t ion .  Thest. 
tend to r ide  the coat ta i l  of a poplilar movement .  
sugges t  that w e  examine  m o r e  c r i t i ca l ly  Issues and 
p r a c t i c e s  which a r e  ca l led  conse rva t ion  and r e s e r v e  
our spec ia l  cons idera t ion  f o r  those e th i ca l  and  es the t ic  
v a l u e s , u h i c h  cannot compete  in  a s t r i c t l y  economic  
wor ld  where  every th ing  mus t  have d o l l a r  value.  W e  
m u s t  be willing to s t and  up and a s s e r t  that t he re  a r e  
s o m e  things which we as a nation want, but which in 
pure ly  economic  t e r m s  would be desc r ibed  as va lue-  
l e s s  o r  Shee r  luxury. To p r e s e r v e  s u c h  va lues  i t  may 
be n e c e s s a r y  to dec ide  a - p r i o r i  that  we want them and 
a s s i g n  to them high p r io r i ty  without a t tempt ing  to put 
a p r i c e  tag  on the benefit rece ived .  If we want a p a r -  
t i cu l a r  canyon, a rare s p e c i e s  of bird,  0; a pa r t i cu la r  
va l ley  p r e s e r v e d  because  of i t s  s cen ic  beauty when 
threa tened  by s o m e  o t h e r  u se ,  s t r i c t l y  economic  
compar i sons  will  se ldom resu l t  in its p rese rva t ion .  
The  r e a s o n  for this  i s  that we have not found, and  in 
m y  opinion we should  s t o p  looking for, ways of placing 
do l l a r  va lues  on scene ry ,  on r ec rea t ion ,  and on that 
intangible men ta l  wel l -be ing  which we a s s o c i a t e  with 
beauty.  In this s e n s e  I think the re  is a r e a l  need  for 
conserva t ion  in the field of wa te r .  C l e a r  s t r e a m s  
which a r e  na tura l  in  t he i r  s e t t i ngs ,  nice to look at and 
pre t ty  to f ish in ,  have a ce r t a in  e s the t i c  value which 
def ies  the dol lar .  Some of these  at  l e a s t  m u s t  be con- 
s e r v e d  i f  w e  a r e  to leave  to o u r  s o n s  and  daughters  
what this count ry  na tura l ly  provided to u s  and to ou r  
fo re fa the r s .  

In this  in- 

I 

With this  ve ry  impor t an t  exception, I believe that 
the word conserva t ion  is being misused  in the field of 
wa te r  today. 
p rob lems  of s h o r t a g e  due to geographic  and t ime v a r i -  
a t ions,  which, impor tan t  as they a r e ,  can be reduced  
to p rob lems  of economics .  Economic p rob lems  g r a d -  
ually become so lved  by the play of f o r c e s  inherent  i n  
the m a r k e t  p lace .  Wate r  will  be used  in those p laces  
and for those pu rposes  which can bes t  a f ford  to b e a r  
the cos t  under  preva i l ing  conditions. 

All o u r  o the r  w a t e r  p rob lems  a r e  

Let u s .  t he re fo re ,  c e a s e  to confuse the bas i c  mean-  
ing of conserva t ion  with p rob lems  which a r e  s t r i c t l y  
economic.  
vation values as I have defined them s e e  a r e a l  need 
f o r  conserva t ion  in the field of wa te r ,  but i f  we continue 
a long  o u r  p re sen t  course,  t ry ing  to p lace  do l l a r  value5 
on s u n s e t s  and canyons ,  t he re  will  soon  enough be l i t t le 
of the bes t  left  to conse rve .  

Those  of u s  who a r e  in t e re s t ed  i n  c o n s e r -  



c e n t r a l  Wisconsin m y  family h a s  a weekend 
c h  w e  ca l l  The  Shack  
a c r e s  of m a r s h ,  p r a i r i e ,  and swampwoods,  

I t  cons i s t s  of a couple  

f a r m i n g ,  but r e p l e t e  with a valuable  c o m -  

Shack s i t s  on a sandy  t e r r a c e  about 300 y a r d s  
the Wiscons in  River  When we bought the p l ace  
was  n o  w a t e r  supply,  s o  we d r i l l ed  a hole  about 
t deep,  put down a p ipe  f i t ted with a well  point.  
ed  an o l d  fashioned handle- type pump, and  w e  
all f ixed. T o  get a d r i n k  you Just  pump the 
e a few t imes .  

we also hand-planted nat ive wild f lowers  and 
thousands  of pine s e e d l i n g s  because  we wanted 
nd to b e a r  a s a m p l e  of the o r ig ina l  vetetat ion of 

Dsiring d r y  s u m m e r s  hand-ca r r i ed  pa i l s  of 
went f r o m  our l i t t le  p u m p  to w a t e r  the n e a r e s t  

r e a .  

, but a w a t e r  pail  w a s  ha rd ly  adequate  for a c o m -  
job. A s  a resu l t  we lo s t  a good many t r e e s  o v e r  

y r i v e r  is qu i t e  unfit  to  dr ink but we s w i m  
e l e s s .  
e outweighs the fears of gett ing a mouthful  

The fun of s w i m m i n g  in  y o u r  b i r th -  

immedia t e ly  ev iden t  that  we have no physi-  
e of w a t e r  a t  T h e  Shack,  but this does  not 
f r o m  expe r i enc ing  w a t e r  p rob lems .  F i r s t  
e pump.  

T o  develop this  
T h e r e  is a n  adequate  supply of 

w a t e r  r ight  a t  the d o o r .  
r i nk ing  pu rposes  r e q u i r e d  a s m a l l  expend-  
w a s  obviously just i f ied.  * But because  of o u r  

u l t u r a l  pu r su i t s  we needed  w a t e r  o v e r  and  above 
or dr ink ing  The technology was  avai lable  in the 
of a m o d e r n  gasol ine m o t o r  to pump w a t e r  e i t h e r  
o u r  sha l low well ,  o r  f r o m  the r i v e r ,  to i r r i g a t e  
rap. W e  chose  not to a v a i l  o u r s e l v e s  of the 
i n e - d r i v e n  product  of m o d e r n  civi l izat ion 
r r e d  so l i t ude  to a put-put,  and s o  would not put a 

c e  from The Shack would be too expensive.  

had a n o t h e r  p rob lem.  
a t e  qua l i t y  for g e n e r a l  p u r p o s e s  and m a r g i n a l  for 

pec ia l i zed  need inhe ren t  in  o u r  operation-tha! is, 
wimming .  The re fo re ,  we g e t  along, but  a r e / s o m e -  
l e s s  t han  fully s a t i s f i e d  with ou r  s i tuat ion.  

We 

n e a r  T h e  Shack. To pump f r o m  the r i v e r  at a 

T h e  r i v e r  w a t e r  is of in-  

I 
d s  layout h a s  m o s t  of the elemefnts  of 
rob lems .  C o u n t e r p a r t s  c a n  he found 
of a f a r m ,  a home ,  a city. a I i ndus t ry .  
United S t a t e s  as a whole. It i s  my 
review f i r s t  the gene ra l  n a t u r e  of 
and then to ana lyze  how the  various 

i s e  the p r o b l e m s  of State and of Nation. 

uestion of total  avai lable  supply;  phys i -  
a t e r  in a p a r t i c u l a r  a r e a  cons t i t u t e s  

s s  befo re  A m e r i c a n  Associat ion of Newspaper  
ncisco,  C a l i f . ,  July 12, 1957. 

one g e n e r a l  type of p rob lem.  
m o s t  areas a r e  in  the s a m e  posi t ion as The  Shack-no 
g e n e r a l  phys i ca l  sho r t age .  However ,  va r i a t ions  from 
y e a r  to y e a r  and s e a s o n  to s e a s o n  m a y  c a u s e  difficult ies.  

A s e c o n d  p r inc ipa l  p rob lem is that of w a t e r  quali ty.  
T h e  ava i l ab le  w a t e r  m a y  be of s u c h  quality that i t  would 
be sa t i s f ac to ry  fqr s o m e  purposes  but not for a l l  d e s i r e d  
p u r p o s e s .  
d r ink  of i t .  

A s  I wil l  d e m o n s t r a t e ,  

We wil l  s w i m  i n  the r i v e r  but would not 

A t h i r d  p r inc ipa l  kind of p rob lem i s  economic.  Even  
i f  w a t e r  of sa t i s f ac to ry  qual i ty  is avai lable ,  the d e s i r e d  
u s e  m a y  not justify the c o s t  of developing the supply.  
We do not c o n s i d e r  the c o s t  of pumping f r o m  the r i v e r  
to ou r  t r e e s  to  be worth the tar i f f .  

Different p e r s o n s  would make  qui te  different  ca t ego-  
r i e s  to d e s c r i b e  w a t e r  p r o b l e m s ,  but for  p r e s e n t  p u r -  
p o s e s  I bel ieve one can  s a y  that the t h r e e  types  of 
p r o b l e m s  jus t  l i s t ed  are g e n e r a l  ones.  T h e r e  may  be 
consequent  or c o r r e l a t i v e  p r o b l e m s .  W a t e r  develop-  
men t ,  though economical ly  just i f ied,  m a y  compete with 
o t h e r  u s e s  of the a r e a .  

A t t empt s  to  r e so lve  confl ic ts  equitably h a s  c r e a t e d  
o t h e r  p r o b l e m s  which are l ega l  in na tu re .  
ca l ly  avai lable  w a t e r  may ,  in  c e r t a i n  c i r c u m s t a n c e s ,  
be a p p r o p r i a t e b t h a t  is, legal ly  owned by ano the r  
pa r ty .  As r i p a r i a n  o w n e r s  in a Midwestern State  w e  
had n o  legal  problem a t  The  Shack. The c o r r e l a t i v e  
p rob lems  may  a l s o  involve balancing of economic 
aga ins t  e s the t i c  values .  
by gaso l ine  pump competed with a m a j o r  r e c r e a t i o n a l  
u se - so l i t ude .  
known in c a s e s  where  w a t e r  development  by a l a r g e  d a m  
would compe te  with maintenance of a n  a r e a  for i t s  
s c e n i c  and wi lde rness  value. 

The  phys i -  

At  o u r  s h a c k  w a t e r  development  

The  c o u n t e r p a r t  of this  conflict  i s  we l l  

T h i s  then is the s t r u c t u r e  of o u r  w a t e r  p rob lems .  
T h e  s c h e m e  of m y  f u r t h e r  ana lys i s  will  be to d i s c u s s  
how these  g e n e r a l  p r o b l e m s  a p p e a r  i n  ac tua l  p rac t i ce ,  
f i r s t  in the Nation as a whole and  then in a few loca l i t i e s  
as examples .  

To begin,  we mus t  c o n s i d e r  the magnitude of o u r  
total  supply of w a t e r  and  i t s  r e l a t ion  to p r e s e n t  needs.  
T h e  United S ta t e s  a s  a whole r e c e i v e s  a n  a v e r a g e  of 
about 30 inches  of precipi ta t ion annually;  that i s ,  t he  
annual  fa l l  would c o v e r  the whole coun t ry  to a uniform 
depth of s o m e  2; feet .  About 3 / 4  of the total  p r e c i p i -  
ta ted w a t e r  i s  r e tu rned  to the a t m o s p h e r e  by evaporat ion 
and t r ansp i r a t ion .  The  r ema in ing  1 / 4  const i tutes  the 
w a t e r  avai lable  for withdrawal  use ;  If e x p r e s s e d  8 s  
an average yield it would amoun t  ko 1 , 2 0 0 , 0 0 0  mil l ion 
gal lons p e r  day. 
c a n  be e x p r e s s e d  a s  7, 500 gal lons p e r  cap i t a  p e r  day. 
T h i s  amoun t  is about what would be contained in a cubi-  
c a l  box 10 feet  on a s ide .  T h i s  f igu re  is c i t ed  as a b a s e  
for c o m p a r i s o n  with p r e s e n t  w a t e r  u se  in the United 
S ta t e s  

To m a k e  this e a s i e r  to visual ize  i t  

In the following d i scuss ion  of w a t e r  u s e  1 will d e a l  
with w a t e r  which i s  withdrawn f r o m  s u r f a c e  s t r e a m s  O r  

7 
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f rom the ground a n d  not with w a t e r  u s e d  to develop 
e l e c t r i c  power.  

T h e  pr incipal  u s e s  of w a t e r  a r e  i r r iga t ion ,  i ndus t r i a l  
supply,  and municipal  use.  l ndus t r i e s  developing the i r  
own supply r a t h e r  than buying w a t e r  f rom a c i ty  make  
up  46 percen t  of the total  w a t e r  u se  in  the United States .  
Approximately an equa l  amount ,  o r  46 percen t ,  i s  used 
for i r r i ga t ion .  
t u t e s  7 pe rcen t  of the total ,  and r u r a l  u s e  1 pe rcen t .  

W a t e r  u s e  f o r  public supp l i e s  cons t i -  

I r r iga t ion  is the p r inc ipa l  consumptive u s e  of wa te r .  
Pub l i c  w a t e r  supp ly  u s e  and indus t r i a l  u s e  are only 
pa r t ly  consumptive.  

We c a n  s u m m a r i z e  the total  picture  of w a t e r  ava i l a -  
bil i ty and w a t e r  u s e  by say ing  that, a t  the p r e s e n t  t ime,  
A m e r i c a n s  a r e  us ing  only one gallon out  of e v e r y  five 
avai lable .  Of e a c h  gal lon now being used,  only 7 p e r -  
cen t  is used for pub l i c -wa te r  suppl ies .  T h e  r ema in ing  
use is divided equal ly  between i r r iga t ion  and industry.  
We c a n  say ,  t h e r e f o r e ,  that  t he re  is no o v e r - a l l  s h o r t -  
a g e  of w a t e r  in  th i s  country.  

However,  w a t e r  aplenty does  not p reven t  u s  f r o m  
having s e r i o u s  loca l  p rob lems .  T h e s e  loca l  p rob lems  
r e s u l t  f r o m  the uneven geographic  d i s t r ibu t ion  of w a t e r  
over the country,  as might  be s u r m i s e d  f r o m  the region-  
al dis t r ibut ion of precipi ta t ion.  S i m i l a r  types of p rob-  
l e m s  a r i s e  f r o m  the season- to - season  and y e a r - t o -  
y e a r  var ia t ion of precipi ta t ion in any given a r e a  and the 
more or l e s s  fo r tu i tous  o c c u r r e n c e  of series of d r y  
y e a r s .  

Let  u s  now view the second  p r inc ipa l  p r o b l e m - w t e r  
quality-as i t  app l i e s  to the United S t a t e s  as a whole. 
W a t e r  sho r t age  c a n  develop w h e r e v e r  the ava i l ab le  s u p -  
ply is not of r equ i s i t e  quali ty when the u s e  intended does  
not justify t r e a t m e n t  to improve  i t s  quali ty.  All w a t e r s  
contain dissolved s a l t s ,  in va r i ab le  amoun t s .  All u s e s  
of w a t e r  have a l imi t ing  amount  of s a l t  that  is tolerable  
but  t h e r e  a r e  p a r t i c u l a r  l imi t s  on the kinds p e r m i s s i b l e .  
I r r iga t ion  demands  w a t e r  low in sod ium and boron, 
municipal ,  low in h a r d n e s s ,  and indus t ry  h a s  many  
s p e c i a l  r e q u i r e m e n t s .  Besides  the n a t u r a l  l o a d  of sa l t ,  
m a n  u s e s  w a t e r  a s  a veh ic l e  to t r a n s p o r t  w a s t e s .  De- 
s p i t e  the hea r t en ing  growth in the n u m b e r  of indus t r i e s  
that  are treat ing t h e i r  was t e  w a t e r  and the n u m b e r  of 
communi t i e s  cons t ruc t ing  adequate  s e w a g e  t r ea tmen t  
p l an t s ,  in gene ra l  we have  been polluting the s u r f a c e  
w a t e r s  of this coun t ry  a t  a n  inc reas ing  r a t e .  Although 
c a r r y i n g  was te s  i s  i tself  a n e c e s s a r y  u5e of w a t e r ,  a n  
e x c e s s i v e  load of w a s t e s  i m p a i r s  the fui:ther u s e  of 
wa te r .  To this  extent  was te  t r ea tmen t  c a n  be consid-  
e r e d  w a t e r  r ec l ama t ion .  

Before e l abora t ing  o n  the na tu re  of loca l  w a t e r  s ; , s r t -  
ages, l e t  u s  c o n s i d e r  the problem of economics  which 
ffe l i s t ed  a s  a t h i rd  pr incipal  problem. 
t i m e  the ave rage  cost f o r  w a t e r  I S  about  5 c e n t s  p e r  ton 
de l ive red  at the tap.  Eecause  of the o v e r - a l l  abundance 
of w a t e r  in ou r  coun t ry  we have grown accus tomed  to the 
idea  that wa te r  i s  a commodity as f r e e  as a i r .  
c e n t s  a ton one might  s a y  this i s  p rac t i ca l ly  t rue .  
l i t e r a l ly  c o r r e c t  to say that w a t e r  i s  " cheap  as  d i r t ,  " 
b e c a u s e  you could not get 'd i r t  del ivered a t  y o u r  door s t ep  
for 10 t imes  that p r i c e ,  

At the p re sen t  

At 5 
It is 

With r i s ing  d e m a n d s  for wa te r  i t  c a n  be expected that 
t he  p r i c e  of w a t e r  m u s t  i n r r e a s e  as the economic  

competi t ion for  avai lable  w a t e r  b e c o m e s  k e e n e r  and as 
more expensive s o u r c e s  become  developed. 

Even  with the p r i c e  as low as i t  is, c o s t  a lone  may 
m a k e  w a t e r  a l imit ing f a c t o r  for a p a r t i c u l a r  use.  
Many i r r iga t ion  f a r m e r s  in the Southwest a r e  growing 
cotton with w a t e r  developed by pumping f r o m  a n  aqui-  
fer. 
individual a r e a ,  a t  l e a s t  in d r y  y e a r s ,  t h e r e  is often a 
tendency to pump w a t e r  f r o m  the aqu i f e r  at a r a t e  
g r e a t e r  than i t  is being r ep laced  by inf i l t ra ted p rec ip -  
i tat ion on the r e c h a r g e  area. Dur ing  s u c h  p e r i o d s  the 
g round-wa te r  table  will  drop.  
e n e r g y  b e c o m e s  a p r inc ipa l  i tem in the product ion of a 
c r o p ,  exceeding the amor t i za t ion  of the cap i t a l  invested 
i n  the development  and instal la t ion of the wel l  and 
pump. The  lowering of the g round-wa te r  table  unde r  
the conditions out l ined will  i n c r e a s e  the c o s t  of pump- 
ing, and this i n c r e a s e  m a y  p roceed  to a point where  the 
economic r e t u r n s  f r o m  the s a l e  of the c r o p  wil l  no 
longer  pay f o r  the e l e c t r i c  power  n e c e s s a r y .  Under  
s u c h  c i r c u m s t a n c e s  a w a t e r  s h o r t a g e  can  be s a i d  to 
have developed-an economic  s h o r t a g e  r a t h e r  than a 
physical  one.  

A s  i r r iga t ion  f r o m  ground w a t e r  s p r e a d s  in  an 

T h e  c o s t  of e l e c t r i c  

A s  ano the r  gene ra l  type of example  one might  point 
to the f ac t  that  i n  a n  area of l imited w a t e r  supp ly  a 
l a r g e r  profit  m a y  be r ea l i zed  by using the avai lable  
w a t e r  for  one u s e  r a t h e r  than for ano the r .  For example,  
a l a r g e r  r e t u r n  m a y  be r ea l i zed  f r o m  an  indus t r i a l  use 
r a t h e r  than for applying the s a m e  amount  of w a t e r  to  
i r r iga t ion .  A r ecen t  s tudy published by a p rominen t  
consul t ing eng inee r ,  Shepa rd  Powell ,  c l a i m s  that f o r  
the United S t a t e s  as a whole, a unit  quantity of w a t e r  
p roduces  m o r e  than one hundred t i m e s  the economic 
r e t u r n  when used  by indus t ry  than when u s e d  f o r  irri- 
gation. ?/ Cons ide r ing  that i ndus t ry  can  pay m o r e  
for ,water than can  i r r iga t ion  p ro jec t s ,  as the  West 
develops f u r t h e r  one may  expect  to s e e  a g radua l  shift  
of w a t e r  u s e  in  the s e m i a r i d  a r e a s  f r o m  i r r iga t ion  to- 
w a r d  indus t r i a l  use.  Such a sh i f t  could be expected as 
a na tu ra l  r e su l t  of the play of economic f a c t o r s  in an  
a r e a  where  s u c h  a difference in  r e t u r n  obtains .  

Tight ly  woven in  the f ab r i c  of the t h r e e  kinds of wa te r  
p r o b l e m s  I h a v e  outlined i s  resolut ion of confl ic ts  among 
contending demands  and  uses .  Law i s  the s o c i a l  vehiclk, 
for adjust ing u s e s  equitably.  
p rob lem but a consequence of those p rob lems .  

Law is itself  not a wa te r  

We find, a l m o s t  without exception, that  w h e r e  w a t e r -  
r e s o u r c e  development  is s e r i o u s l y  handicapped by legal 
r e s t r i c t i o n  e i t h e r  technology or knowledge of ac tua l  
condi t ions is inadequate.  Inasmuch a s  o u r  legal  b a s e s  
w e r e  la id  many y e a r s  ago, it i s  r e a l l y  to the c red i t  of 
our c o u r t s  and l e g i s l a t u r e s  that we do a s  well  a s  we do. 
For example,  many l aws  and decisions have employed 
s u c h  t e r m s  a s  "diffuse s u r f a c e  w a t e r s ,  " "underground 
r i v e r s ,  " and s i m i l a r  t e r m s  which e i t h e r  e x i s t  on ly  
r a r e l y  i n  na tu re ,  o r  which so poorly d e s c r i b e  the con-  
di t ions exis t ing in na tu re  that the t e r m s  a r c  sub jec t  :o 
equivocal  o r  ant i thet ical  definit ions.  Nonetheless ,  these 
t e r m s  w e r e  the bes t  avai lable  a t  one t ime  to define equi-  
t ies  in a complex  s i tuat ion.  However,  today we have 
the problem of wrl t ing codes for the adminls t ra t ior l  of 
the use of ground w a t e r  and I know of no m o r ?  difficult 
t a sk  in the w a t e r - r e s o u r c e  development  f ie ld .  

Powell ,  Shepard,  1956. Relative economic r e -  
t u r n s  f r o m  industr ia l  and ag r i cu l tu ra l  w a t e r  u ses :  
J o u r .  Am. W a t e r  Works A s s o c . ,  v. 48, ho. 8 .  p. 991-992 



complicat ion to the legal  p rob lem IS the dif- 
t concept  underlying the laws in the w e s t e r n  as 
p r e d  with the e a s t e r n  S t a t e s  in this country.  E a s t -  
aw 1s gene ra l ly  b a s e d  on the idea of r i p a r i a n  r ight ,  
5 ,  that  the r ight  t o  w a t e r  belongs to the p e r s o n  
e prope r ty  abuts  the r i v e r  channel o r  lake s h o r e .  
ny S ta t e s  the r i p a r i a n  owner  is f r e e  to u s e  the 
of a s u r f a c e  s t r e a m ,  provided he r e t u r n s  the 
to the s t r e a m  undiminished in qual i ty  o r  quantity.  

ing to the impor t ance  of i r r iga t ion  i n  the develop-  
1 of the  West,  w e s t e r n  w a t e r  law is b a s e d  on the 
ept of p r i o r  appropr i a t ion ;  that i s ,  the r ight  to 

ie r  depends on the appl icat ion of a given quant i ty  to 
ericial  u s e  and the p r i o r i t y  of the r ight  1s d e t e r m i n e d  
the p r io r i ty  in t ime  of s u c h  beneficial  u se .  

e r  much  of the Wes t  t h e r e  is m o r e  good land to b e  
d than can be supp l i ed  with wa te r .  
n the total appropr i a t ion  of the s t r eamf low.  

The  r e s u l t  

onditions have  been such  that Land h a s  been 

a t e r  even du r ing  y e a r s  of n o r m a l  r a in fa l l  
ghts  of long du ra t ion ,  no  w a t e r  c a n  be s u p -  
lands because  a l l  of the w a t e r  avai lable  is 
ior appropr i a t ions  

production which cannot be adequately s u p -  

rom legal  i s s u e s  a r e  
r polit ical  t e r m s .  
pply wil l  a t t empt  to 
h s t o r a g e  o r  t r a n s -  
blic expense .  Where 

a c q u i r e  w a t e r  .r ights f r o m  o the r s  of l e s s e r  value.  
ch ac t ions  a r e  s o m e t i m e s  l imited bv State  law, which 
s c e r t a i n  disadvantages.  T h e r e  is no way, for e x -  

lands a r e  favored to s e c u r e  the g r e a t e s t  r e t u r n  f r o m  
[he use of the w a t e r  r e s o u r c e .  

nlple, to i n su re  that the b e s t  and mos t  product ive 

Let  m e  i l l u s t r a t e  now e a c h  of the th ree  gene ra l  p rob -  
, quantity,  qual i ty ,  and  c o s t s ,  by p a r t i c u l a r  local  
p l e s ,  pointing out  a s  I do so that these few e x a m -  

s cannot  adequately r e p r e s e n t  t h e  v a r l e t y  of local  
e m s  which ex i s t .  A s  the exampl?s  show, the 
kinds of problem a r e  p r e s e n t  in each .  d i t t e r ing  

ly i n  emphas i s .  

co and T e x a s  
inadequate  for 
be prohibi  tively 

nd w a t e r  h a s  
1 9 0 0 ’ s  and 
in response 

round-n  a t e  r 
on known as the 

a t h e r e  is a s p e -  

s m a l l e r  111ati the deplet ion due to pumping. I t  h a s  
e s t i m a t e d  that a t  the p r e s e n t  r a t e  of decl ine of 

l eve l s  in s e v e r a l  count ies  in weyt T e x a s ,  the 
la formation will be pumped e s sen t i a l ly  d r y  in 30 

y e a r s ,  the exac t  n u m b e r  of year.; depending upun 
m a t i c  cyc le s ,  f a r m  economy,  and w a t e r - u s e  p r a c -  
es. Though the physical  sho r t age  is not yet  i m m e -  

, i t  is not f a r  off, a n a  owing to the meager- 5u r face  
i e s ,  the a r e a  wil l  probablv be fo rced  at that t ime 

to change the pa t t e rn  of w a t e r  u s e  to m e e t  the dwindling 
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A s  a n  example  of economic  s t r e s s  a s  a r e s u l t  of 
cont inuing development ,  the s i tuat ion i n  the Chicago 
area m a y  be ci ted.  Many indus t r i a l  we l l s  tap a r t e s i a n  
sands tone  aqu i f e r s  f r o m  800 to 2, 200 f ee t  below the 
s u r f a c e .  
unde r  suff ic ient  p r e s s u r e  to flow at the s u r f a c e  but, 
a s  a r e s u l t  bf heavy pumping, the l eve l s  have decl ined 
hundreds  of feet .  However ,  the aqu i f e r  h a s  not been 
dewa te red ,  s o  that t h e r e  i s  no dange r  of f a i lu re  of the 

The w a t e r  i n  t hese  aqu i f e r s  or iginal ly  w a s  

supply.  

In o r d e r  to uti l ize  this  wa te r ,  however ,  we l l s  have 
had  to b e  deepened and pumps  lowered.  As a r e su l t ,  the 
c o s t  of obtaining the w a t e r  h a s  i n c r e a s e d  to the point 
that  m a n y  i4sers have begun to buy w a t e r  f r o m  the m u -  
nicipal  supp l i e s  which a r e  obtained f r o m  Lake Michigan. 

W a t e r  qual i ty  is the l imit ing f a c t o r  in  many  p laces  
where  w a t e r  is withdrawn f r o m  a s u r f a c e  s t r e a m ,  
r e t u r n e d  to the r i v e r ,  and withdrawn aga in  at a down- 
s t r e a m  point f o r  r e u s e .  Along the Neosho R ive r  in  
Kansas ,  1 2  c i t i e s  u s e  and r e u s e  the wa te r .  Detergents ,  
so  preva len t  in home  s i n k s  and l aundr i e s  today, a r e  
not e l imina ted  i n  u sua l  municipal  w a t e r - t r e a t m e n t  
plants  and thus tend to accumula t e  du r ing  reuse. 
De te rgen t s  became  so concen t r a t ed  a t  t i m e s  in  Neosho 
R ive r  w a t e r  that  s u d s  w e r e  f o r m e d  when w a t e r  w a s  
obtained a t  a faucet .  Seve ra l  t i m e s  du r ing  1953-54 

not exceed  the s e w a g e  f low f r o m  the c i ty  ups t r eam.  - 
the  total  flow in the r i v e r  a t  each  c i ty  wa te rworks  

A local  example  of w a t e r  conflict  c o n c e r n s  the u s e  
of ground wa te r  in  Harvey and  MTPherson Counties ,  
Kansas .  An  excel lent  s and  and  g rave l  aqu i f e r  t h e r e  
contains  a, l a r g e  amount  of w a t e r  equal  to about 5 f  
t i m e s  as much a s  a l l  the s u r f a c e  impoundn,ents i n  the 
State .  
the r ecen t  drought,  even without pumping, h a s  been as 
much  a s  10 feet .  
f r o m  this  aqu i f e r  and planned to d r i l l  s o m e  additional 
wel ls .  Sui ts  aga ins t  the c i t y w e r e f i l e d  by local  f a r m -  
ers who fea red  that the addi t ional  development  would 
i m p a i r  t h e i r  supply.  T h e s e  ac t ions  have dclayed the 
ci ty’s  work and f o r  ed  s e v e r e  rat ioning du r ing  the 

‘The na tu ra l  decl ine of the w a t e r  table du r ing  

The  city of Wichita develops w a t e r  

s u m m e r  months.  2 r f  
A r cg iona l  example  of a wa te r - r igh t  problem is the 

conflict  among  T e x a s ,  New Mexico, a n d  CGloradn over  
the w a t e r s  of the Hio Grande .  The  H i o  C r a n d e  C o m -  
pact ,  ra t i f ied by C o n g r e s s  in May  of 1939,  was p r e -  
s u m e d  to be a m e a n s  by which Co lo rado  and N e w  Mexico 
could cons t ruc t  s t o r a g e  r e s e r v o i r s  needed f o r  addi t ion-  
a l  i r r i ga t ion  development  and  flood con t ro l ,  and o p e r a t e  
them without injury to the p r i o r  developtnents  uiidei- 
the Elephant Butte Darn in  sou the rn  N e w  Mexico and 
west Teras. 

U n d e r  thr  rompac t .  s t o r a g e  of w a t e r  in  any r e s e r -  
v o i r  i n  Co lo rado  and New Mexico built  a f t e r  1929  was  
to he regulated in acco rdance  with a s y s t e m  of debi ts  
and c r e d i t s .  Th i s  s y s t e m  ivxs adopted to mee t  t h r  
variabi l i ty  of runoff of the Rio Graride by providing 
for the accumulat ion of deb i t s  by Co lo rado  and New 
Mexico, l imited to a fixed amount .  in  y e a r s  of l o w  

61Data f rom Metz l e r ,  D. F., 1956, Recommended 
act ion aga ins t  e f f ec t s  of s e v e r e  d rough t s  in Kansas:  
Jour .  Am. Wate r  Works  Assoc. .  v. 48 No. 8. 
p.  989-1004. 
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runoff. 
deb i t s  could be e r a s e d  during pe r iods  of high runoff. 

A m e a n s  w a s  provided by which accumula t ed  

For s e v e r a l  r e a s o n s  the accumula t ed  deb i t s  of Col- 
o r a d o  and  New Mexico have exceeded the  al lowable 
amoun t  a f t e r  a drought  of a l m o s t  15  y e a r s '  durat ion.  
Thus ,  any s t o r a g e  in  P l a t o r o  Rese rvo i r  in Co lo rado  
and  all i n  E l  Vado R e s e r v o i r  in New Mexico, except  
that  to  provide f o r  Indian r ights ,  . i s  s u b j e c t  to  the de -  
m a n d s  of the l o w e r  S ta t e s .  
so g r e a t ,  however ,  that  the compact  c o m m i s s i o n e r s  
have  decided to r e s tudy  the whole ques t ion  of w a t e r  
avai labi l i ty .  T h e  S ta t e  of Texas ,  which being lowest  on 
the  r i v e r  is sub jec t  to the g r e a t e s t  s h o r t a g e  of wa te r ,  
is at tempting to  b r i n g  the whole quest ion be fo re  the 
F e d e r a l  cour t s .  

The def ic iency h a s  become  

Any review of p r o b l e m s  in  a field of e n d e a v o r  invi tes  
s o m e  d i scuss ion  of so lu t ions  to the p r o b l e m s  posed. 
My ana lys i s  of t he  n a t u r e  of p rob lems  in the w a t e r  f ie ld  
is designed to d e m o n s t r a t e  what I bel ieve to be a truth,  
that  gene ra l  so lu t ions  are not possible .  T h e r e  h a s  been 
much wri t ten about  the w a t e r  sho r t age ,  the w a t e r  c r i s i s ,  
a n d  the t r emendous ly  expanding need for  w a t e r .  T h e r e  
is no denying that  in  many  places  t h e r e  i s  s u c h  a s h o r t -  
age of w a t e r  that  the s i tuat ion i s ,  o r  a p p r o a c h e s ,  a 
crisis. 
l a s t  decade an  unpreceden ted  demand  for w a t e r .  

T h e r e  is no denying that we have  s e e n  in the 

L i s t ed  among the poss ib l e  solut ions to  the w a t e r  
s i t ua t ion  a r e  two which have been given much  publicity- 
i n c r e a s i n g  the total  supply by cloud innoculation-that 
is, by inducing i n c r e a s e d  precipi ta t ion;  s e c o n d ,  the 
conve r s ion  of s a l i n e  wa te r .  
p r o p e r  pe r spec t ive  without dep reca t ing  a t  a l l  the pob- 
s ib i l i t i e s  which they offer. 

These  I w i sh  to  p l ace  in 

Cloud seeding has been demons t r a t ed  to p roduce  
s l igh t  i n c r e a s e s  i n  the precipi ta t ion f r o m  s e e d e d  s t o r m s  
u n d e r  r e s t r i c t e d  conditions-specifically u n d e r  condi- 
tions where  a i r  m a s s e s  are natural ly  l i f ted by moun- 
tains. New technology resul t ing f r o m  r e s e a r c h  will, 
i t  is hoped, i n c r e a s e  the effect iveness  of the technique. 
Even  modes t  i n c r e a s e s  in r a in fa l l  c a n  be a big boon to 
a city o r  farmers beset by drq'ught. 
a g r e e d  by a l l  s c i e n t i s t s  i n  thi f ield that u n d e r  condi-  
t ions of drought,  w e a t h e r  s i t  a t i r  IS giving rise to 
s e e d a b l e  c louds are abnorma l ly  infrequent ,  and  cloud 
s e e d i n g  cannot be viewed a s  capable  of b reak ing  a 
d rough t  o r  br inging drought  re l ief .  Viewed aga ins t  the 
f a c t  that  in the United S ta t e s  as a whole we are now 
us ing  only one gal lon of w a t e r  out of e v e r y  5 avai lable ,  
i n c r e a s i n g  p rec ip i t a t ion  does  not a p p e a r  to m e  to be the 
kind of solution which f i t s  the na tu re  of the p rob lem at 
hand. 

However ,  i t  is 

9 . .  . .  . 
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Conver s ion  of sea w a t e r  i s  in  s o m e w h a t  a different  
posit ion.  Relat ively well-developed technology i s  
ava i l ab le  to c o n v e r t  s a l i n e  w a t e r s  to f r e s h  by any one 
of s e v e r a l  different  p r o c e s s e s .  The pr incipal  r e a s o n  
why conve r s ion  is not being widely p rac t i ced  now is a 
m a t t e r  of cost .  A s  the  demand for w a t e r  i n c r e a s e s ,  as 
i t  may be expected to  do  with our  i n c r e a s i n g  population 
and  industry,  v e n t u r e s  of different kinds will be fo rced  
to  spend  m o r e  money  for the r equ i r ed  w a t e r  than i s  
n e c e s s a r y  now. With inc reas ing  c o s t s  of w a t e r ,  p r o c -  
esses which cannot  now compete will  become  financially 
p r a c t i c a l  and u n d e r  those conditions s a l i n e - w a t e r  con-  
version will be a u sab le  and p rac t i ca l  answer  to many 
a loca l  s i tuat ion.  

Ra the r  than look for o v e r a l l  solut ions o r  panaceas  
for the w a t e r  s i tuat ion,  I bel ieve i t  is n e c e s s a r y  to 
understand the n a t u r e  of the f o r c e s  ope ra t ing  in c r e a t -  
ing the p r o b l e m s  which ex i s t .  If t h e r e  w e r e  a be t t e r  
understanding on the p a r t  of a l a r g e r  s e g m e n t  of o u r  
population a s  to  the f a c t o r s  which lead to w a t e r  crisf-s, 
we should be ab le  to  avoid many p r o b l e m s  before  they 
become  c r i t i c a l  and  would be able  to  a c t  m o r e  s u r e l y  
when they do. I p ropose ,  then, to comment  on s o m e  ,,f 

these f o r c e s  and t r ends  in liel; of d i scuss ing  specif ic  
kinds of solut ions.  

Let u s  c o n s i d e r  what we m e a n  by a w a t e r  sho r t age .  
I have mentioned that a w a t e r  s h o r t a g e  may  r e su l t  f rom 
a r e a l  physical  l ack  of w a t e r ,  m a y  be in  r ea l i t y  an e c o -  
nomic s h o r t a g e  r e su l t i ng  f r o m  lack of the f inancial  
r e t u r n  n e c e s s a r y  to develop exis t ing supp l i e s ,  o r  mav 
be the r e su l t  of inadequate quali ty of the ava i l ah le  wa te r ,  
Who knows t h e r e  is a s h o r t a g e  when it e x i s t s ?  A s h o r t -  
a g e  does  not r ea l ly  count until  the m a n  in  the s t r e e t  
goes  into his  house,  t u rns  oil the tap and no w a t e r  
flows out. 
a l l  real i ty .  
of public opinion begin to c lose  the v i s e  ca l l ed  public 
p r e s s u r e .  

A t  that  moment  the re  is a w a t e r  sho r t age  in 
T h e  te lephones begin to r ing  and the wheels 

T h e r e f o r e  we may  a s k ,  why did not the w a t e r  flow 
In many an  in s t ance  i t  i s  because  the out  of the tap. 

peak load cannot  be m e t  by the w a t e r  dis t r ibut ion s y s -  
t em.  
n i ca l  r e a s o n  the p r e s s u r e  cannot be maintained unde r  
the conditions of peak demand.  
pe r iod  in a s u m m e r  when everyone c o m e s  home  f r o m  
the office hot and  t i r ed ,  each  p e r s o n  t u r n s  on h i s  g a r -  
den hose  to i r r i g a t e  h i s  f lower ga rden ,  f l lps  on  the air- 
condi t ioner ,  and s t e p s  into the shower .  When enough 
p e r s o n s  do this s imul t aneous ly  the p r e s s u r e  d rops  and 
no w a t e r  f lows to those who are on a s l ight  hil l  o r  to 
those m o s t  d i s t an t  f rom the r e s e r v o i r  o r  pumping 
s ta t ion.  

The  m a i n s  are too s m a l l  o r  for  s o m e  o t h e r  tech-  

During a long d r y  

T h i s  s i tuat ion a r i s e s  in  many a c i ty .  Rationing, 
cu r t a i lmen t  of lawn spr inkl ing,  and  o t h e r  m e a s u r e s  to 
s p r e a d  out the load a r e  usually designed to ma in ta in  
adequate  p r e s s u r e  in the ma ins .  All  of t hese  things 
m a y  happen even  when t h e r e  is plenty of w a t e r  i n  the 
r e s e r v o i r .  

A c i ty  counci l  may have f o r e s e e n  such  a s i tuat ion for 
s e v e r a l  y e a r s  and t r i ed  to p romote  a bond i s s u e  to 
expand the faci l i t ies ,  but a s  long a s  w a t e r  f lows f r o m  
the t ap  the o r d i n a r y  c i t i zen  h a s  no pe r sona l  r e a s o n  f u r  
backing the m e a s u r e .  Thus  w a t e r  s h o r t a g e s  and w a t e r  
c r i s e s  a r e  often the r e s u l t  of l ag  t lme  between i n c r e a s -  
ing demand  and the r equ i r ed  engineer ing work.  Phys ica l  
l imitat ion in  the dis t r ibut ion of avai lable  w a t e r  is not 
n e c e s s a r i l y  the c a u s e  of w a t e r  sho r t ages .  

T h i s  l eads  into the second  c o m m e n t  1 wish to make .  
Changing t r e n d s  i n  w a t e r  demand,  and thus in w a t e r  
u se ,  wiil tend to lead to development  of w a t e r  f r o m  
exis t ing o r  f r o m  new s o u r c e s  a s  economic f o r c e s  m a k e  
s u c h  development  financially f eas ib l e .  As in any o t h e r  
f ie ld  of act ion,  e a r l y  developments  tend to be c h e a p e r  
than later ones because  the mast economical  s o u r c e  is 
a lways  the f l r s t  to be tapped. 
local  wel ls  unti l  a f t e r  y e a r s  of inconvenlence,  r e c u r r e n l  
e p i d e m i c s ,  and gene ra l  d i s sa t i s f ac t ion ,  the public 

Boston got a long wlth 



came willing to pay the c o s t  of a long aqueduct.  T h i s  
, tern has  been  expe r i enced  in city a f t e r  c i ty .  

Similarly, when an indus t ry  finds that ava i lab le  
I lu r~es  of w a t e r  a r e  e i t h e r  insufficient o r  uneconom- 
col, and the prof i ts  will ,  o v e r  a per iod ,  pay the cos t  

J p p l ~  i s  found. 
water development,  an a l t e rna t ive  s c h e m e  f o r  wa te r  

This  m a y  take  the form of developing 
,nd1vidual wa te r  supply ,  paying a h ighe r  p r i c e  f o r  
ter f r o m  a n  outs ide  s u p p l l e r ,  o r  a shift  in plant o p e r -  
on to r e u s e  the wa te r  available and thus r e d u c e  the 
al wate r  r equ i r emen t .  

A S  pointed out e a r l i e r .  the total  supply of w a t e r  in 
he United S ta tes  is l a r g e  and  many of the p r o b l e m s  

f r o m  mald is t r ibu t ion  in  s p a c e  o r  t ime.  For the 
par t ,  w a t e r  ex i s t s  and  c a n  be obtained when the 

rs a r e  ab le  to b e a r  the cos t .  In the c a s e  of Los 
e l e s ,  a s o u r c e  w a s  m i l e s  away and s e p a r a t e d  by a 
e r t ,  but when the c o s t  w a s  cons idered  just l f iable ,  
water w a s  obtained. 

We m u s t  s t e e l  o u r s e l v e s  to the idea that f u r t h e r  w a t e r  
veloprnent cannot be ach ieved  at the p r i c e  of five cen t s  
r ton to which we have  grown accus tomed  in  the past .  

The next concept which I belleve d e s e r v e s  d i scuss ion  
s a background f o r  unde r s t and ing  o u r  p re sen t  s i tua t ion  

he following: Wate r  c o n t r o l  by s t o r a g e  follows a 
of d iminish ing  r e t u r n s  and, f u r t h e r m o r e ,  h a s  a 

wa te r  on  ct  which is often alluded to is that of 
n t ro l led  to the ocean .  It 
a t e r  flowing to the ocean  
the impor tan t  pu rpose  
s and was te s .  If tve 
ently that s u r f a c e  

o d ry  up o r  to be r e -  
d then be fo rced  to 
annels ,  e i t h e r  na tu ra l  

AS far as the flood-flows that p a s s  to the ocean  un-  
on t ro l led  and the re fo re  was ted  a r e  concerned ,  i t  is 
eslrable to note t h e  amount  of wa te r  involved 1 s p e a k  

of damage-producing  flood w a t e r s ,  that  is, w a t e r  
ch  p a s s e s  through a s e g m e n t  of valley at  d i scha rge  
s in e x c e s s  of channel  capac i ty .  Such overbank 

lows a r e  the ones  that c a u s e  flood damage .  

On the ave rage ,  the w a t e r  that  is d ischarged  at  r a t e s  
e x c e s s  of channel capac i ty  cons t i tu te  about flve p e r -  

In o t h e r  ent of t h e  total  annual d i s c h a r g e  of the b a s l n  
o r d s ,  the amount of s u c h  flood wa te r s  is not l a r g e .  

rvo i r  m a y  be ab le  to s t o r e  enough w a t e r  
nds du r ing  a month of d ry  weather .  'A 
r may s t o r e  enough to supply  even  a s  
of de f i r i en t  flow A s t i l l  l a r g e r  one ,  
y e a r s ,  and  so for th .  

Now, one  of the c h a r a c t e r i s t i c s  of s t r eamf low a s  well  
S Of w e a t h e r  IS t h e  o c c u r r e n c e  of re la t ive ly  long p e r i -  
d s  of subnorma l  w a t e r  supply  a l t e rna t ing  with pe r iods  
f above-average  supply  O u r  ana lys i s  shows  that with 
f luc tua t ing  r e s o u r c e ,  s t o r a g e  capable  of de l ive r ing  
e w a t e r  indefinitely at a rate equal to the a v e r a g e  floK 
imposs ib l e  to obtain s h o r t  of an  omnisc ien t  view of 
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Each s u c c e s s i v e  inc remen t  of cont ro l  d e s i r e d  takes  

T h i s  m a y  be i l l u s t r a t ed  by v i s -  
a l a r g e r  amount  of r e s e r v o i r  s t o r a g e  s p a c e  than the 
p reced ing  inc remen t .  
ua l iz ing  the building of a pyramid .  To build a py ramid  
20 f ee t  high takes  much m o r e  than twice as much s tone  
as it  would to build a s i m i l a r  s t r u c t u r e  only 10 feet 
high. 

A flood wave is t r i angu la r  in  shape ,  l ike the profile 
of a pyramid .  It has  a r i s i n g  s i d e ,  a peak, and a fall ing 
s ide .  To s t o r e  enough w a t e r  to redllce the peak by one 
half r e q u i r e s  much l e s s  than half the r e s e r v o i r  capac i ty  
n e c e s s a r y  to s t o r e  the whole flood flow. Thus,  wa te r  
con t ro l  by r e s e r v o i r  s t o r a g e  follows a l a w  of d iminish-  
ing r e t u r n s ;  i t  t akes  l a r g e r  and  l a r g e r  amounts  of s tor -  
a g e  to obtain each  s u c c e s s i v e  inc remen t  of cont ro l .  

F u r t h e r m o r e ,  t h e r e  is a n o t h e r  kind of l imi t  inherent  
i n  w a t e r  con t ro l  by r e s e r v o i r  s to rage .  A s  m o r e  and  
l a r g e r  r e s e r v o i r s  a r e  built the a r e a  of open w a t e r  s u r -  
f a c e  exposed  to evapora t ion  i n c r e a s e s .  Long before  a 
hopeful comple t e  cont ro l  i s  exe rc i sed ,  w a t e r  l o s s e s  by 
evapora t ion  may equal the additional water gained by 
the additional r e s e r v o i r  space .  

Our  ana lyses  of ou r  national inventory  of m a j o r  r e s -  
e r v o i r s  enable  u s  to r e p o r t  on the p re sen t  deg ree  of 
con t ro l  effected by the ex is t ing  s t o r a g e  development;  
including that par t ,  genera l ly  l e s s  than 20 percent  of 
the total  flow is na tura l ly  regula ted  by g round-wa te r  
s t o r a g e .  Expres s ing  the d e g r e e  of cont ro l  by the p e r -  
cen tage  of the tota1,flow that is ava i lab le  f o r  use ,  we 
find that in  the Cumber l and-Tennessee  bas ins ,  the ex -  
is t ing r e s e r v o i r s  provide  a con t ro l  equal  to 50 pe rcen t  
of the total  flow. In the Ohio bas in ,  excluding the 
Cumber l and-Tennessee  bas ins ,  con t ro l  equa l s  2 5  p e r -  
cent .  In the Colorado River  bas in .  a l a r g e  amount,  
85 pe rcen t  cont ro l ,  has  a l r eady  been a t ta ined ,  as would 
be expec ted  f rom the l a rge  i r r iga t ion  developments .  
For the United Stat  s as a whole,  the percentage  is 
about 3 5  percent .  xf The Colorado  River  bas in  a l r eady  
h a s  r e s e r v o i r  s t o r a g e  bullt to a deg ree  that approaches  
the  optimum where  evapora t ion  l o s s e s  will e a t  u p  any 
additional wa te r  conse rved  by providing added r e s e r v o i r  
s t o r a g e .  

Thus ,  in the United States as a whole a cons ide rab le  
i n c r e a s e  in wa te r  can  be obtained f o r  u s e  by r e s e r v o i r  
deve lopment ,  but p laces  in the West a r e  a l r e a d y  ap -  
proaching  the l imit .  

A th i rd  conce,pt I wish to d i s c u s s  a s  background to 
unders tanding  our  water  p rob lems  is the ove rd ra f t  of 
aqu i f e r s ,  and the mining of ground water .  As 1 men-  
t ioned previous ly ,  an aqu i f e r  is a porous  bed or zone 
underground capable of abso rb ing  and t r ansmi t t i ng  
wa te r .  
influence of gravi ty ,  moving toward a r e a s  of lower  
e leva t ion  o r  p r e s s u r e .  
of w a t e r  which is pumped o u t  o r  moves  out na tura l ly  
f rom ar. aqui fe r .  This  rep len ishment  c o m e s  f rom p r e -  
c ip i ta t ion  that fa l ls  on s u r f a c e  a r e a s  connec ted  with t h e  
porous  bed. 

Ground wa te r  is  gene ra l ly  in motion under  the 

Recharge  i s  the rep len ishment  

11 Data from W. B. Lnngbein, pe r sona l  communica t ion .  
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The amount  of wa te r  s t o r e d  in  s o m e  underground 
reservoirs is t remendous .  For example ,  in t he  Sac-  
r a m e n t o  Valley alone ju s t  no r theas t  of w h e r e  we s t and  
today, the  s to rage  capac l ty  between depth of 2 0 a n d 2 0 0  
f ee t  is es t ima ted  at  34 mil l ion  ac re - f ee t ,  a volume 
equivalent t o  about one and one- four th  t i m e s  the  capac -  
i ty of Lake  Meade. 8/ 

Jus t  a s  in  a surface r e s e r v o l r ,  I t  is per fec t ly  f eas ib l e  
to  d raw on s to red  w a t e r  du r ing  per lods  of drought,  with 
a consequent lowering of the  wa te r  table just  as s i m i l a r  
drawing  on s to rage  would lower  the level  of a lake  o r  
s u r f a c e  r e s e r v o w .  The  fal l ing water  t ab le s  we  h e a r  
about are not unexpected dur ing  per iods  of low r e c h a r g e ,  
and du r ing  wet y e a r s  t h e  s t o r a g e  tends  t o b e  rep len ished .  

However,  the p rob lem of lowering w a t e r  tab les  is 
indeed s e r i o u s  where  continued pumpage 1s known to 
exceed the  average  r e c h a r g e .  Under those  c i r c u m -  
s t a n c e s ,  w e  a r e  mining  the  s t o r e d  ground wa te r .  Con- 
t inuation of such ove rd ra f t  in  an  a r e a  wll l  have  one of 
two  effects:  Either t o l o w e r  the water  tab le  to the l imi t  
of economlc  lift, that  is, to a point where  the  cos t  of 
pumping exceeds  t h e  r e v e n u e  obtained f r o m  u s e  of the  
water .  or the s to red  w a t e r  will become phys ica l ly  
exhausted.  

Ttre-example of t he  High P la ins  mentioned previous ly  
is only one place w h e r e  the d ra f t  on ground w a t e r  is in 
excess of the ave rage  r e c h a r g e .  Ground-water  mining  
is pa r t i cu la r ly  p reva len t  1ri the southern  p a r t s  of the  
sou thwes te rn  States ,  sou the rn  Cahfo rn ia ,  Arizona, 
New Mexico. and Texas .  

In many p laces ,  i t  is known by the wa te r  users that 
pumping exceeds  the  long- t e rm ave rage  r e c h a r g e ,  but 
a s  long as pumping is economica l ly  profitable,  t he re  
is no r e a s o n  to  be l ieve  that anyone in tends  to cu r t a i l  
pumping, desp i te  the fact  that  soone r  or l a t e r  the a r e a  
will  have  to b e  abandoned for p resen t  pu rposes .  

T h i s  l e a d s  to  m y  f inal  c o m m e n t  on the wa te r  si tuation. 
In many a r e a s ,  it i s  not known by the wa te r  u s e r s  o r  
anyone e l s e  whether  or not p r e s e n t  pumping exceeds  the 
r a t e  of r e c h a r g e .  Ground-water  s tud ie s  r e q u i r e  s p e c i ; i ~  
s k i l l s  combining  both geological and hydraulic techniques,  
and these  s tud ies  are t i m e  consuming.  

Development h a s  proceeded  much f a s t e r  than sc i en -  
t if ic s tud ie s  and accumula t ion  of da ta  concern ing  the 
amount ,  occu r rence ,  and c h a r a c t e r i s t i c s  of our  water  
r e s o u r c e s .  Such s tud ie s  a r e  c a r r i e d  on pr inc ipa l ly  by 
the  Geological Survey  in co l labora t ion  with S ta tes  and 
with loca l  governmenta l  bodies.  

P r e s e n t  wa te r  p r o b l e m s  a r e  sufficiently complex  that 
new technica l  knowledge and additional da t a  are e s s e n -  
tial. But such  knowledge i n  the hands  only of the s p e -  
c i a l i s t s  is not the ful l  r equ i r emen t .  
m u s t  b e c o m e  be t t e r  acquainted with the  gene ra l  p r ln-  
c i p l e s  of wa te r  o c c u r r e n c e  in  o r d e r  that  dec i s ions  may 
b e  based  on sound phys ica l  p r inc ip l e s  and fact ,  r a t h e r  
than on h e a r s a y  and va r ious  f o r m s  of wi tchcraf t  which 
a lways  p e r s i s t  in  the  vacuum of insufficient knowledge. 

‘The public at l a rge  

The  sc i en t i s t s  in the  wa te r  field as well  a s  in  o ther  
d i sc ip l ines ,  have an obligation to  the  public and to the 
p r e s s  which, in  my opinion, they have  not s a t i s f ac to -  
r i l y  d ischarged .  I a m  s u r e  that the  p r e s s  is d e s i r o u s  
of publishing fact  r a t h e r  than fancy, i f  the sc i en t i s t  
p rov ides  i t  with usable  and unders tandable  informatlon. 
I hope that the  p re sen t  expanding recogni t ion  of this  
respons ib i l i ty  which I think I pe rce ive  in scient i f ic  
circles, wil l  lead to the deve lopment  of a c l o s e r  work- 
ing re la t ionship  between the p r e s s ,  the  sc i en t i s t ,  and 
the public. 

Gene ra l ly  speaking. i r r iga t ion ,  and pumping  a t  c s r -  
ta in  mi l i t a ry  instal la t ions,  a r e  the u s e s  cont r ibu t ing  
pa r t i cu la r ly  to g round-wa te r  mining. 
b los soming  of homes i t e s  and vacation p l aces  in the 
Mojave Desert will  s u r e l y  m e a n  drawing  on s t o r e d  
ground wate r  in  e x c e s s  of r echa rge .  

The  r e c e n t  

8 /Po land ,  J. F.,  and o the r s ,  1949,  Ground-water  
storage capacity of the  Sac ramen to  Valley, Calif. : 
U. S. Geol. Survey. Open-f i le  r epor t .  


