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

T H E  F I R S T  B I L L S

T h e  f i r s t  bills w e r e  i n t r o d u c e d  by S e n a t o r  Barrett. T h e i r  
c e n t r a l  t h e m e  was that "All u n n a p p r o p r i a t e d  water in the 17 
w e s t e r n  st a t e s  is d e c l a r e d  to be free for a p p r o p r i a t i o n  u n d e r  
s t a t e  law" (See C o r k e r ,  W A T E R  R I G H T S  A N D  FEDERALISM, 45 Cal. L. 
Rev. 6 0 4 , 6 0 6  (1957)) a n d  to r e q u i r e  t h e  U n i t e d  States to c o m p l y  
w i t h  s t a t e  a p p r o p r i a t i o n  laws ra t h e r  th a n  c l a i m i n g  w a t e r s  u n d e r  
t h e  r e s e r v a t i o n  doctrine.

L A T E R  B I L L S

M o s t  of the b i lls i n t r o d u c e d  over the e n s u i n g  years d e a l t  not 
o n l y  w i t h  the r e s e r v e d  rights issue, but a l s o  with the 
c o m p e n s a t i o n  q u e s t i o n  u n d e r  the n a v i g a t i o n  servitude. In 
g e n e r a l  t h e y  p r o p o s e d  that c o m p e n s a t i o n  be r e q u i r e d  for the 
l o s s  of p r i v a t e  p r o p e r t y  rights under the r e s e r v a t i o n  d o c t r i n e  
a n d  the n a v i g a t i o n  s e r v itude, that the f e d eral g o v e r n m e n t  be 
r e q u i r e d  to c o m p l y  w i t h  s t a t e  w a t e r  law w h e n  it b u i l d s p r o j e c t s  
u n d e r  the R e c l a m a t i o n  Act of 1902, a n d  that FPC l i c e n s e e s  be 
r e q u i r e d  to c o m p l y  with s t ate law w h e n  they, b u i l d  p r o j e c t s  
u n d e r  the Fede r a l  P o w e r  Act of 1920.

V a r i o u s  c o m p r o m i s e s  w e r e  dev e l o p e d ,  u n d e r  S e n a t o r  Kuchel of 
C a l i f o r n i a  and others. None of t h ese b i lls u l t i m a t e l y  passed. 
See, Hanks, P E A C E  WE S T  OF T H E  98TH M E R I D I A N - - A  S O L U T I O N  TO 
F E D E R A L - S T A T E  C O N F L I C T S  O V E R  W E S T E R N  W A T E R S "  23 Rutgers L. Rev. 

33 (1968).

R E P O R T  OF  T H E  P U B L I C  L A N D  L A W  R E V I E W  C O M M I S S I O N . (One T h i r d  of 
the N a t i o n ' s  Land, 1970) 147-149. For c o m m e n t a r y ,  see 
T r e l e a s e ,  W A T E R  R E S O U R C E S  O N  T H E  P U B L I C  LANDS: PLLRC's
S O L U T I O N  TO  T H E  R E S E R V A T I O N  DOCTRINE, 6 La n d  and Water Law 
R e v i e w  89 (1970); Muys, C O M M E N T S  ON  " F E D E R A L  R E S E R V E D  W A T E R  
R I G H T S " ,  54 Den. L. J. 493 (1977).

T h e  C o m m i s s i o n  r e c o mmended:

(1) R e q u i r e  federal a g e n c i e s  to give n o t i c e  of their 
p r o j e c t e d  w a ter r e q u i r e m e n t s  for the next 40 years;

(2) E s t a b l i s h  a d m i n i s t r a t i v e  or j udicial r e v i e w  of the 
r e a s o n a b l e n e s s  of the q u a n t i t i e s  c l a i m e d  by the federal 

a g e n c i e s ;

(3) For r e s e r v a t i o n s  c r e a t e d  in the future, require e x p r e s s  
s t a t e m e n t  of intent to r e s erve water, and the q u a n t i t y  
re s e r v e d ;
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(4) R e q u i r e  c o m p e n s a t i o n  for the t a k i n g  of w a t e r  ri g h t s
v e s t e d  p r i o r  to the 1963 d e c i s i o n  in A r i z o n a  v. C a l i f o r n i a . V

N A T I O N A L  W A T E R  C O M M I S S I O N  R E P O R T  (Water P o l i c i e s  for the 
Future, 1973) pp. 467-468.

The C o m m i s s i o n  t o o k  a d i f f e r e n t  a p p r o a c h  fr o m  the PLLRC. It 
r e c o m m e n d e d :

(1) R-.jquire f e d eral a g e n c i e s  to g i v e  n o t i c e  of their 
p r o j e c t e d  w a ter r e q u i r e m e n t s  for the next 40 years.

As to e x i s t i n g  u s e s  by f e d e r a l  a g e n c i e s ,  the a g e n c i e s  w o u l d  
be e n t i t l e d  to p r i o r i t y  as of t h e  d a t e  of the o r i g i n a l  
r e s e r v a t i o n  of the f e d e r a l  lands.

F u t u r e  uses w o u l d  r e c e i v e  a p r i o r i t y  d a t e  as of the d a t e  of 
i n i t i a t i o n  of a c t u a l  use.

C o m p e n s a t i o n  w o u l d  b e = r e q u i r e d  w h e r e  e x i s t i n g  p r i v a t e  w a t e r  
uses w e r e  d i s p l a c e d  by new f e d e r a l  a g e n c y  uses.

R E A S O N S  F O R  T H E  F A I L U R E  OF P R O P O S E D  S E T T L E M E N T  L E G I S L A T I O N

(1) E a s t e r n  s u s p i c i o n  of w e s t e r n  avarice.

"The W i l d  West w a t e r  v e r s i o n  of i n t e r p o s i t i o n  . . .: not
o n l y  s h o u l d  the [western] s t a t e s  have the right to do as 
they please, but t h e y  s h o u l d  be a b l e  to do it wi t h  federal 
p r o p e r t y ,  and at f e d e r a l  e x p e n s e . "  G o l d b e r g ,  17 Stan. L. 
Rev. 1, 3 ( 1964 ) .

(2) R i s i n g  i n f l u e n c e  of the e n v i r o n m e n t a l  m o v e m e n t .
R e s e r v e d  rights te n d  to p r o t e c t  i n s t r e a m  flows, forests, 
w i l d l i f e ,  and e n v i r o n m e n t a l  int e r e s t s .

(3) S p l i t s  in w e s t e r n  w a t e r  p o l i t i c s  in the 1960s, e.g., 
over the p r o p o s e d  d i v e r s i o n  of C o l u m b i a  R i ver w a t e r  to the 
Sou t h w e s t ,  and over the c o n t i n u a t i o n  of the 160 acre 
l i m i t a t i o n .

(4) E n a c t m e n t  of Sec. Ill R i v e r s  and H a r b o r s  Act, 1970, 33 
USC Sec. 595a, r e v e r s i n g  U n i t e d  S t a t e s  v. R a n d s , 389 US 121 
(1967), and U n i t e d  S t a t e s  v. T w i n  C i t y  P o w e r  C o . , 350 US 222 
(1956) and p r o v i d i n g  that w h e n  c o n d e m n a t i o n  occurs, 
c o m p e n s a t i o n  mu s t  be p a i d  to r i p a r i a n s  on n a v i g a b l e  w a t e r s  
for the "highest and b e s t  use" of t h e i r  uplands, u n b u r d e n e d  
by the n a v i g a t i o n  s e r v i t u d e .  T h i s  e x c i s e d  o n e  of t h e  m a jor 
p r o b l e m s  a d d r e s s e d  by p r o p o s e d  s e t t l e m e n t  l e g i s l a t i o n .
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(5) T h e  S u p r e m e  C o u r t ' s  i n t e r p r e t a t i o n  of the M c C a r r a n  
A m e n d m e n t ,  66 Stat. 560, 43 U S C  Sec. 666 to c o n s t i t u t e  w a i v e r  
of s o v e r e i g n  i m m u n i t y  for s u i t s  in federal or s t a t e  c o u r t s  to 

a d j u d i c a t e ,  a n d  q u a n t i f y , f e d e r a l  r e s e r v e d  w a ter rights. 
C o l o r a d o  R iver W a t e r  C o n s e r v a t i o n  Dist. v. U n i t e d  S t a t e s , 424 
US 800 (1976), U n i t e d  S t a t e s  v. D i s t r i c t  C o u r t  for Eagle 
C o u n t y , 401 US 520 (1971).

(6) T h e  fact that n o  o n e  c o u l d  be f o u n d  w h ose v e s t e d  water 
r i g h t  had b e e n  d e s t r o y e d  by the e x e r c i s e  of a federal 
r e s e r v e d  right.

T h e  P L L R C  r e p o r t e d  that "The f e d e r a l  lands are the 
s o u r c e  of mo s t  of the w a t e r  in the 11 c o t e r m i n o u s  w e s t e r n  
s t a tes, p r o v i d i n g  a p p r o x i m a t e l y  61% of the total natural 
ru n o f f  o c c u r r i n g  in t h e  region. M o s t  of this runoff comes 
f r o m  la n d  w i t h d r a w n  or r e s e r v e d  for s p e c i f i c  p u r p o s e s .
F o r e s t  S e r v i c e  and N a t i o n a l  P a r k  S e r v i c e  r e s e r v a t i o n s  
c o n t r i b u t e  "-bout 88 % and 8 %, r e s p e c t i v e l y ,  of the runoff 
f r o m  pub) ands and mo r e  than 59 % of the total y ield from
all lands t h ose st a t e s . "  O N E  T H I R D  OF T H E  N A T I O N ' S  LAND,
F i n a l  Rep«. . of the PLLRC, p. 141, 1970.

T h e  P L L R C  r e p o rted, h o w e v e r ,  that " A l t h o u g h  most of the 
c u r r e n t  c o n c e r n  r e l a t e s  to the d o c t r i n e ' s  p o t e n t i a l  future 
impact, such p o t e n t i a l  i m p a c t s  c o u l d  be major". Id. at 144.

In 1964 N i c o l a s  B. K a t z e n b a c h , Dep u t y  A t t o r n e y  G e n e r a l  for 
the US sa i d  that

"for all the outcry. . . not one state, not one county, not 
o n e  m u n i c i p a l i t y ,  not one i r r i g a t i o n  d i s t r i c t ,  not one 
c o r p o r a t i o n ,  not one i n d i v i d u a l  has co m e  f o r w a r d  to p l e a d  and 
p r o v e  that the U n i t e d  States. . . has d e s t r o y e d  any p r i v a t e  
ri g ht." H e a r i n g s  on S. 1275 B e f o r e  the S u b c o m m i t t e e  on 
I r r i g a t i o n  and R e c l a m a t i o n  of the S e n a t e  Comm, on Interior 
an d  I n s ular Aff a i r s ,  88th Cong. 2nd. Sess. (1964). T r e l e a s e  
r e p o r t e d  that " T w e n t y - t w o  y e a r s  a f t e r  P e l t o n  Dam this is 
s t i l l  true." T r e l e a s e ,  54 Den. L. J. at p. 492 (1977).

C o r k e r ,  c o m m e n t i n g  on t h e  "de m i n i m u s " q u a n t i t y  of r e s e r v e d
r i g h t s  as to N o n l n d i a n  lands, n o t e d  that

"It is the q u a n t i t y  b e n e a t h  the a c c u r a c y  of a s t r e a m  guage. 
It is w h a t  a bird, a b u t t e r f l y ,  a deer, or a b a c k p a c k e r  
d r i n k s  fr o m  a s t r e a m  w i t h o u t  need of p e r m i s s i o n .  [This 
s t a t e m e n t  was m a d e  p r i o r  to US v. New Mexico; not even these 
m i n i m a l  d r i n k e r s  w o u l d  now be p r o t e c t e d ] .  The rest of the 
w a t e r  flows from the N a t i o n a l  F o r e s t s  and the N a t i o n a l  P a r k s  
s u b j e c t  to the law of g r a v i t y . "  C o r k e r ,  54 Den. L. J. 499 

(1977).

P r o f e s s o r  C o r k e r ,  a f t e r  e x t e n s i v e  r e s e a r c h  on a r e p o r t  for the
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P LLRC, f i n a l l y  f o u n d  an " i n j u r e d "  p e r s o n .  Mrs. G l e n n  sued 
u n d e r  the T o r t  C l a i m s  A c t  for loss of a 1930 i r r i g a t i o n
a p p r o p r i a t i o n  to a r e c r e a t i o n  ar e a  in a N a t i o n a l  For e s t
e s t a b l i s h e d  in 1897. Her s u i t  w a s  d i s m i s s e d  on s t i p u l a t e d  
facts. A p p a r e n t l y  s u f f i c i e n t  w a t e r  w a s  m a d e  a v a i l a b l e  for b o t h
Mrs. G l e n n  and the F o r e s t  S e rvice. See G l e n n  v. U n i t e d  States,
C i v i l  No. C - 1 5 3 - 6 1  (D. U t a h  M a r c h  16, 1963) d i s c u s s e d  in 
D E V E L O P M E N T ,  M A N A G E M E N T  A N D  U S E  OF W A T E R  R E S O U R C E S  O N  T H E  
P U B L I C  L A N D S ,  by W h e a t l e y ,  C o r k e r ,  S t e t s o n ,  a n d  Reed. 
C l e a r i n g h o u s e  for F e d e r a l  S c i e n t i f i c  a n d  T e c h n i c a l  I n f o r m a t i o n  
of the Dept, of Com., PB  188 065 & 188 066. See also, Corker, 
L E T  T H E R E  NO N A G G I N G  DOUBTS: N O R  S H A L L  P R I V A T E  PROPERTY,
I N C L U D I N G  W A T E R  RIGHTS, BE T A K E N  FOR P U B L I C  U S E  W I T H O U T  JUST 
C O M P E N S A T I O N ,  6 L a n d  & W a t e r  L. R. 109 (1970)

T H E  Djt IS H O L E  P U P F I S H

Whii*. ..is ca s e  is c i t e d  for t h e  i m p l i e d  r e s e r v a t i o n  d o c t rine, 
it r e a l l y  b e l o n g s  in the e x p r e s s  r e s e r v a t i o n  c a t e g o r y .  In 
C a p p a e r t  v. U n i t e d  S t a t e s , 426 US 128 (1976) t h e  c o u r t  e n j o i n e d  
a n  i r r i g a t o r ' s  g r o u n d w a t e r  p u m p i n g  w h i c h  w a s  l o w e r i n g  the level 
of w a t e r  in D e v i l ' s  Hole, and e n d a n g e r i n g  the s p a w n i n g  g r o u n d s  
of the tiny p u pfish. A 1952 P r e s i d e n t i a l  P r o c l a m a t i o n  had 
e x p r e s s l y  r e s e r v e d  th i s  w a t e r  for t h e  p u p f i s h .  T h e  c o u r t  
a d o p t e d  a r u l e  of " m i n i m a l  n e e d " to e f f e c t u a t e  the J
r e s e r v a t i o n ' s  p u r p o s e s ,  s a y i n g  it a p p l i e d  t o  bo t h  e x p r e s s  and ^
i m p l i e d  r e s e r v a t i o n s .

T h e  use of this r e s e r v e d  w a t e r  d i d  not i n t e r f e r e  with an 
" e x i s t i n g "  p r i v a t e  a p p r o p r i a t i o n  right. T h e  c r e a t i o n  of the 
federal r e s e r v a t i o n  c l e a r l y  p r e - d a t e d  the p l a n n e d  p r i v a t e  use, 
a n d  the w a t e r - r e l a t e d  p u r p o s e  of the r e s e r v a t i o n  was c l e a r l y  
e x p r e s s e d .

T H E  G I L A  N A T I O N A L  F O R E S T

In U n i t e d  S t a t e s  v. N e w  M e x i c o , 238 US 696 (1978), the C o u r t  
u p h e l d  federal r e s e r v e d  r i g h t s  for N a t i o n a l  F o r e s t  lands. The 
U n i t e d  S t a t e s  c l a i m e d  r e s e r v e d  r i g h t s  for m i n i m u m  i n s t r e a m  
flows, a n d  for r e c r e a t i o n a l ,  s t o c k w a t e r i n g , a n d  fish purpo s e s .  
But the C o u r t  said it w o u l d  r e c o g n i z e  o n l y  "p r i m a r y " p u r p o s e s  
under the N a t i o n a l  F o r e s t  O r g a n i c  A c t  of 1897, 16 U S C  Secs. 
4 7 3 - 4 7 8 ,  479-82, 551 (1976). T h e s e  p u r p o s e s  d i d  not include 
r e c r e a t i o n ,  a e s t h e t i c s ,  w i l d l i f e - p r e s e r v a t i o n , or c a t t l e  
g r a z i n g  w h i c h  the c o u r t  c a l l e d  s e c o n d a r y  p u r p o s e s . They on l y  
i n c l u d e  s e c u r i n g  f a v o r a b l e  c o n d i t i o n s  of w a t e r  flows, and 
f u r n i s h i n g  a c o n t i n u o u s  s u p p l y  of t i m b e r  for the people.

A s e c o n d  issue in New M e x i c o  w a s  w h e t h e r  t h e  M u l t i p l e  Use 
S u s t a i n e d  Y i e l d  Act of 1960, P.L. 86-517, 74 Stat. 215,
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c o d i f i e d  as a m e n d e d  at 16 U S C  Secs 5 2 8 - 5 3 1  (1976), r e s e r v e d  
a d d i t i o n a l  waters. The C o u r t  he l d  not, sa y i n g  that a l t h o u g h  
C o n g r e s s  i n t e n d e d  the f o r e s t s  to be a d m i n i s t e r e d  for b r o a d e r  
p u r p o s e s  after 1960, C o n g r e s s  d i d  not i n t e n d  to r e s e r v e  w a ter 
for s e c o n d a r y e M U S Y A  p u r p o s e s .

So m e  16 or 17 A r t i c l e s  and Notes a p p e a r e d  on the N e w  Me x i c o  
case. See, e.g. "Water Ri g h t s  and N a t i o n a l  F o r e s t s — N a r r o w i n g  
t h e  I m p l i e d  R e s e r v a t i o n  D o c t rine: U n i t e d  St a t e s  v. N e w  Mexico,
40 O h i o  S t a t e  L a w  J o u r n a l  728 (1979); Boles, Jr. and Elliott, 
" U n i t e d  St a t e s  v. New M e x i c o  and the C o u r s e  of F e d e r a l  R e s e r v e d  
W a t e r  Rights, 51 Colo. L. Rev. 209 (1980); F a i r f a x  & Tar l o c k ,  
No W a t e r  for the Woods: A C r i t i c a l  A n a l y s i s  Of U n i t e d  States

v. New M e x ico, 15 Ida. L. Rev. 509 (1979).
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U N I T E D  S T A G E S  v^ C I T Y  A N D  C O U N T Y  O F  D E N V E R , 656 P. 2d 1 (Colo. V  
1982). (Not a p p e a l e d )  T h i s  c a s e  is the m o s t  e x t e n s i v e  
i m p l e m e n t a t i o n  of the r e s e r v a t i o n  d o c t r i n e  to d a t e  and d e s e r v e s  
c a r e f u l  a t t e n t i o n .

In th i s  c o m p l e x  s t a t e - c o u r t  a d j u d i c a t i o n  the U n i t e d  States 
s u b m i t t e d  c l a i m s  for r e s e r v e d  w a t e r  ri g h t s  c o v e r i n g  s e v e n  
n a t i o n a l  f o rests, three n a t i o n a l  m o n u m e n t s ,  o n e  n a tional park, 
o v e r  1500 p u b l i c  w a t e r h o l e s  and spr i n g s ,  two m i n e r a l  hot 
sp r i n g s ,  a n d  the p u b l i c  d o m a i n  a d m i n i s t e r e d  by the B u r e a u  of 
L a n d  M a n a g e m e n t .  The c a s e  i n v o l v e d  t h o u s a n d s  of claims for 
s t a t e  law a p p r o p r i a t i o n  rights. 169 p a r t i e s  o b j e c t e d  to the US 
c l a i m s ,  r e p r e s e n t e d  by at l e ast 70 d i f f e r e n t  a t t orneys. A 
W a t e r  C o u r t  d e c r e e  was a p p e a l e d  to the C o l o r a d o  S u p r e m e  Co u r t .
T h a t  c o u r t  held:

N A T I O N A L  F O R E S T S

I n s t r e a m  f l o w s  for r e c r e a t i o n a l , scenic, a n d  w i l d l i f e  p u r p o s e s . 
T h e  U n i t e d  S t a t e s  c l a i m e d  i n s t r e a m  f l o w  r i g h t s  for w a t e r s h e d  
a n d  t i m b e r  p r o t e c t i o n ,  a n d  w a n t e d  to use this w a ter for 
r e c r e a t i o n a l ,  scenic, and w i l d l i f e  p r o t e c t i o n .

HELD: I n s t r e a m  flow c l a i m  rejected. The US f a i l e d  to
d e m o n s t r a t e  that this w a t e r  was n e e d e d  for n a t i o n a l  forest 
p u r p o s e s  of w a t e r s h e d  p r o t e c t i o n  and t i m b e r  produc t i o n .

Do e s  M U S Y A  e x p a n d  r e s e r v a t i o n  p u r p o s e s ? T h e  U n i t e d  States 
c l a i m e d  th a t  M U S Y A  (1960) e x p a n d e d  the p u r p o s e s  for w h i c h  
w a t e r  c o u l d  be r e s e r v e d  under the 1897 Act.

HELD: M U S Y A  did not e x p a n d  these p u r p o s e s .  W h i l e
c o n c e d i n g  the S u p r e m e  C o u r t ' s  s t a t e m e n t  in N e w  M e x i c o  was 
dicta, t h e  C o l o r a d o  C o u r t  sa i d  that t h e  d i c t a  w a s  c o n t r o l l i n g .  
C o n g r e s s  w a s  a ware of the R e s e r v e d  R i g h t s  D o c t r i n e  wh e n  it 
p a s s e d  MUSYA, but d i d  not c h o o s e  to r e s e r v e  a d d i t i o n a l  w a t e r  
e x p l i c i t l y .

D I N O S A U R  N A T I O N A L  M O N U M E N T

R e s e r v a t i o n s  for M o n u m e n t s .  T h e  US c l a i m e d  r e s e r v e d  i n s t r e a m  
f l o w s  in t h e  Y a m p a  River for r e c r e a t i o n a l  b o a t i n g  (river 
r a f t i n g )  w i t h i n  the M o n u m e n t .  T h i s  have s e r i o u s l y  i m p a i r e d  
j u n i o r  a p p r o p r i a t o r s  u p s t r e a m  on the Yampa. T h i s  Na t i o n a l  
M o n u m e n t  was c r e a t e d  u n d e r  16 U S C  Sec. 431 (1976) by 
p r e s i d e n t i a l  p r o c l a m a t i o n  to p r e s e r v e  p u b l i c  lands of 
o u t s t a n d i n g  h i s t o r i c  a n d  s c i e n t i f i c  i n t e r e s t .  P r e s i d e n t  W i l s o n  
c r e a t e d  it in 1915 to p r e s e r v e  an " e x t r a o r d i n a r y  d e p o s i t  of 
D i n o s a u r i a n  and other g i g a n t i c  r e p t i l i a n  remai n s " .

HELD: R e c r e a t i o n a l  b o a t i n g  is not o n e  of the p u r p o s e s  for



1 1

w h i c h  w a t e r  c a n  be r e s e r v e d  u n d e r  the N a t i o n a l  M o n u m e n t  Act.

M o n u m e n t  t r a n s f e r r e d  to P ark. Th i s  M o n u m e n t  was p l a c e d  u n d e r  
the s u p e r v i s i o n  of the N a t i o n a l  P a r k  S e r v i c e  in 1938 and t h e  US 
a r g u e d  that its " p u r p o s e s "  were thus e x p a n d e d  to incl u d e  
N a t i o n a l  P a r k  p u r p o s e s .

HELD: The t r a n s f e r  was d o n e  for a d m i n i s t r a t i v e  c o n v e n i e n c e
and d i d  not c h a n g e  the p u r p o s e s  for w hich w a t e r  c o u l d  be 
r e s e r v e d .  The area is still a Monument, b e ing a d m i n i s t e r e d  by 
the N a t i o n a l  P a r k  Service.

I n s t r e a m  flows for s c i e n t i f i c a l l y  i m p o r t a n t  species. The US 
c l a i m e d  i n s t r e a m  flows m i g h t  be n e c e s s a r y  for fish h a b i t a t s  of 
e n d a n g e r e d  s p e c i e s  of h i s t o r i c  and s c i e n t i f i c  interest.

HELD: C l a i m  upheld. R E M A N D E D  for d e t e r m i n a t i o n  of
q u a n t i t y  n e e d e d  for t h e s e  p u r p o s e s .  T h e  US m u s t  q u a n t i f y  its 
c l a i m  v/itnin 6 months.

R O C K Y  M O U N T A I N  N A T I O N A L  P A R K

N a t i o n a l  Fo r e s t  t r a n s f e r r e d  to P a r k  s t a t u s . Th i s  P a r k  was 
c r e a t e d  from a n a t i o n a l  forest. The land was t r a n s f e r r e d  to 
the P a r k  in 1915, and a g ain in 1930.

HELD: For r e s e r v a t i o n  p u r p o s e s  that a r e  co m m o n  to both
n a t i o n a l  f o r e s t s  and n a t i o n a l  p a rks ( w a t e r s h e d  p r o t e c t i o n  and 
t i m b e r  p r o d u c t i o n ) ,  the p r i o r i t y  date is the initial n a t i o n a l  

f o r e s t  r e s e r v a t i o n .

N a t i o n a l  P a r k s  a l s o  h a v e  b r o a d e r  p u r p o s e s , inter alia, 
c o n s e r v i n g  scenery, h i s t o r i c  a n d  s c i e n t i f i c  o bjects, and 
w i l d l i f e .  See N a t i o n a l  p a r k  S e r v i c e  Act of 1916, 16 USC Sec. 1 
(1976). The p r i o r i t y  d a t e  for the r e s e r v e d  r i g h t s  for t hese 
b r o a d e r  p u r p o s e s  is the d a t e  the land was made into a Park. 
D e c r e e s  we r e  a w a r d e d  for m i n i m u m  flows and lake levels for 
c o n s e r v a t i o n  of scenic, natural and h i s t o r i c  o b j e c t s  and for 
r e c r e a t i o n a l  and a e s t h e t i c  p u r p oses.

P U B L I C  S P R I N G S  A N D  W A T E R H O L E S

R e s e r v a t i o n  by I n t e r i o r  D e p t . r e g u lation. The f e d e 1 
g o v e r n m e n t  c l a i m e d  r e s e r v e d  w a t e r  rights for the entir e l d  
of n u m e r o u s  w a t e r h o l e s  and springs, w h e t h e r  t r i b u t a r y  oi 
n o n t r i b u t a r y ,  locate'-' on lands w i t h d r a w n  by a 1926 execut > 
o r d e r  t i t l e d  "Public Water R e s e r v e  No. 107".

HELD: The E x e c u t i v e  O r d e r  was is s u e d  under a u t h o r i t y  of



the S t o c k  R a i s i n g  H o m e s t e a d  Act of 1916, 43 USC Sec. 300
(1976). W h i l e  the Exec. O r d e r  d i d  not s t a t e  an i n t e n t i o n  to 
r e s e r v e  w a t e r  and w i t h d r a w  it f r o m  a p p r o p r i a t i o n  under state 
law.. D e p a r t m e n t  of I n t e r i o r  r e g u l a t i o n s  d i d  s t a t e  such 
i n t e n t i o n ,  a n d  that is a d e q u a t e  to c r e a t e  a r e s e r v e d  right.

A n t i - m o n o p o l i z a t i o n  p u r p o s e  for r e s e r v a t i o n .  The Dept, of 
I n t e r i o r  R E G U L A T I O N S  r e s e r v e d  w a t e r  to " p r e v e n t  the 
m o n o p o l i z a t i o n  of vast land a r eas in t h e  ar i d  states by 
p r o v i d i n g  a s o u r c e  of d r i n k i n g  w a t e r  for a n i m a l  a n d  human 
c o n s u m p t i o n " .

HELD: T h e s e  r e g u l a t i o n s  r e s e r v e d  o n l y  s u f f i c i e n t  water to
c a r r y  out this a n t i - m o n o p o l i z a t i o n  p u r p o s e ,  and no more. T h e  
s p r i n g s  a n d  w a t e r  h o l e s  c o n t a i n  m o r e  w a t e r  than is m i n i m a l l y  
e s s e n t i a l  for this p u rpose. T h e  g o v e r n m e n t  has 4 y ears to 
q u a n t i f y  its m i n i m a l  n e eds to e f f e c t u a t e  th i s  p u r p o s e .

T r i b u t a r y  springs. The r e s e r v a t i o n  a p p l i e s  to both t r i b u t a r y  
a n d  n o n t r i b u t a r y  springs; the r e s e r v a t i o n  d o c u m e n t s  made no 
d i s t i n c t i o n  b e t w e e n  t hese two t ypes of sources.

M I N E R A L  HOT S P R I N G S

R e s e r v a t i o n  for le a s i n g  p u r p o s e s . The f e d e r a l  g o v e r n m e n t  
c l a i m e d  r e s e r v e d  w ater r i g h t s  to hot s p r i n g s  for leasing 
p u r p o s e s  p u r s u a n t  to the P i c k e t t  A c t  (43 U S C  Sec. 141 (1976). 

HELD: R e s e r v e d  rig h t s  upheld.

R e s e r v a t i o n  for g e o t h e r m a l  p o w e r  p r o d u c t i o n .  The federal 
g o v e r n m e n t  c l a i m e d  r e s e r v e d  w a t e r  r i g h t s  to hot s p r i n g s  for 
g e o t h e r m a l  power p r o d u c t i o n ,  u nder the P i c k e t t  Act, and under 
the G e o t h e r m a l  S t e a m  Act of 1970, 30 U S C  Sec. 1001, et seq.
(1976).

HELD: No r e s e r v e d  rights. T h e  G e o t h e r m a l  Act is
p r i n c i p a l l y  a l e a sing Act. No e x p r e s s  or i m p l i e d  intent can be 
f o u n d  in e i t h e r  Act to r e s e r v e  w a t e r  for p o w e r  g e n e r a t i o n .

F e d e r a l  l i c e n s e e s  and c o n t r a c t o r s  e x e r c i s i n g  r e s e r v e d  right. 
T h e  f e d e r a l  g o v e r n m e n t  c l a i m e d  that p e r m i t t e e s ,  licensees, and 
c o n c e s s i o n a i r e s  c o u l d  e x e r c i s e  the f e d e r a l  r e s e r v e d  right, and 
that it was not n e c e s s a r y  for the f e d e r a l  g o v e r n m e n t  to itself 
e x e r c i s e  these rights.

HELD: L i c e n s e e s  etc. can e x e r c i s e  the federal r e s e r v e d
r i g h t .
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T W O  O T H E R  I S S U E S  w e r e  e x p r e s s l y  not d e c i d e d  by the court:

(1) w h e t h e r  r e s e r v e d  r i g h t s  are l i m i t e d  to w a t e r s  on, under, or 
t o u c h i n g  the r e s e r v e d  lands;

(2) W h e t h e r  t h e  r e s e r v e d  r i g h t  c a n  be t r a n s f e r r e d  to a use 
not w i t h i n  t h e  o r i g i n a l  p u r p o s e s  of t h e  r e s e r v a t i o n .  T h e s e  
i s s u e s  w e r e  not p r o p e r l y  b e f o r e  t h e  co u r t .

R E S E R V E D  W A T E R S  O N  B L M  L A N D S

In S i e r r a  C l u b  v. W a t t , 659 F . 2d 203 (D . C . C i r .1981) t h e  C o u r t
d e n i e d  t h e  S i e r r a  C l u b ' s  c l a i m  that F L P M A  h a d  r e s e r v e d  wa t e r s  
on B L M  l a n d s  for "scenic, s c i e n t i f i c ,  h i s t o r i c a l ,  e c ological, 
e n v i r o n m e n t a l ,  a i r  and a t m o s p h e r i c ,  w a t e r  resource, and 
a r c h a e o l o g i c a l  v a l u e s " ,  r u l i n g  th a t  F L P M A  m e r e l y  set forth 
" p u r p o s e s ,  g o a l s  a n d  a u t h o r i t y  for uses of the p u b l i c  dom a i n , "  
a n d  d i d  not r e s e r v e  a n y  water.

T H E O R E T I C A L  B A S I S  F O R  T H E  R E S E R V A T I O N  D O C T R I N E

T h i s  t o p i c  is c o n s i d e r e d  last in this o u t l i n e ,  or almost so, 

b e c a u s e  it is a p e c u l i a r  c o n c e r n  of a c a d e m i c s ,  rather than the 
c o u r t s .  T h e  C o u r t s  have b e e n  c o n c e r n e d  w i t h  res u l t s ,  letting 
t h e o r e t i c a l  b a ses take t h e  h i n d m o s t .  N o n e t h e l e s s  two theories 
h o l d  so m e  sway. S u p p o r t e r s  of each t h e o r y  c l a i m  judicial 

s u p p o r t :

(1) T h e  f e d e r a l  g o v e r n m e n t  ow n s  w a t e r s  on lands that have been 
w i t h d r a w n ,  a n d  t h e r e f o r e  c a n  do w i t h  t h ose w a t e r s  as it 
p l e a s e s ,  w i t h o u t  r e g a r d  to s t a t e  law. See Hanks, F E D E R A L - S T A T E  
R I G H T S  A N D  R E L A T I O N S ,  in 2 W A T E R S  A N D  W A T E R  RI G H T S  Sec. 102.1, 
at 3 8 - 4 0  (R. C l a r k  ed. Supp 1978).

(2) T h e  r e s e r v a t i o n  d o c t r i n e  is e x p l a i n e d  by the s u p r e m a c y 
c l a u s e ,  c o u p l e d  wi t h  s o m e  i n c i d e n t a l  c o n s t i t u t i o n a l  power (e.g. 
c o m m e r c e  p o w e r )  e x e r c i s e d  on the r e s e r v e d  land. See F. 
T r e l e a s e ,  F E D E R A L - S T A T E  R E L A T I O N S  IN W A T E R  L A W  138-47 
(National W a t e r  C o m m i s s i o n  Legal S t u d y  No. 5, 1971).

F E D E R A L  N O N - R E S E R V E D  W A T E R  R I G H T S

T h e  a r g u m e n t  a b o u t  the e x i s t e n c e  of t h ese o d d i t i e s ,  and w h a t  they 
l o o k  like, has p r e o c c u p i e d  a n u m b e r  of f e d e r a l  lawyers and 
a c a d e m i c s .  To d a t e  the c o u r t s  have not b e e n  c o n c e r n e d  w i t h  them.



If one cu t s  t h r o u g h  the e x t e n s i v e  v e r b i a g e  on t h e  s u bject, one 
t h i n g  aeeras clear. If C o n g r e s s  w a n t s  to c l a i m  w a t e r s  for some 
f e d e r a l  g o v e r n m e n t  use, then it has the p o w e r  to do so, 
a s s u m i n g  it ac t s  under the S u p r e m a c y  c l a u s e  in c o n j u n c t i o n  wi t h  
s o m e  o ther e m p o w e r i n g  clause, e.g., c o m m e r c e  or p r o p e r t y .  Of 
c o u r s e  if the f e d e r a l  use d a m a g e s  or d e s t r o y s  v e s t e d  p r i v a t e  
w a t e r  rights, the the o w n e r s  of t h o s e  r i g h t s ,  m u s t  be 
c o m p e n s a t e d .  In vi e w  of p a s t  c o n g r e s s i o n a l  h i s t o r y  (e.g., the 
A c t s  of 1866, 1877), a n d  S u p r e m e  C o u r t  c a s e s  (e.g., US v. New 
M e x i c o )  t h e  C o n g r e s s i o n a l  i n t e n t i o n  to c l a i m  such w a t e r s  will 
h a v e  to be c l e a r l y  expressed. But, t h a t  the p o w e r  e x i s t s  is 
not r e a l l y  be d e b a t a b l e .

D e b a t e  can, of course, o c cur a b out w h e t h e r  t h e  C o n g r e s s i o n a l  
i n t e n t  is c l e a r  eno u g h  to pa s s  j u d i c i a l  m u s t e r .  T h a t  debate, 
e s p e c i a l l y  as it c o n c e r n s  the Federal L a n d  P o l i c y  and 
M a n a g e m e n t  Act of 1976, 43 USC Sec. 1701 et seq. (FLPMA) has 
w a x e d  e x t e n s i v e l y  in the f e d eral legal e s t a b l i s h m e n t  s ince 
1979. See:

K r u l i t z  view: Such ri g h t s  p r o b a b l y  e x i s t  u n d e r  FLPMA, and
o t h e r  statu t e s ,  and, indeed, are not all th a t  h a r d  to find. 
F E D E R A L  W A T E R  R I G H T S  OF T H E  N A T I O N A L  P A R K  SERVICE, FISH AND 
W I L D L I F E  S ERVICE, B U R E A U  OF R E C L A M A T I O N ,  A N D  B U R E A U  OF L A N D  
M A N A G E M E N T ,  88 I n t e r i o r  Dec. 553 (1979).

M a r t z  view: Such r i g h t s  p r o b a b l y  d o n ' t  exist, and c e r t a i n l y
not unless c l e a r l y  m a n d a t e d  by C o n g r e s s ;  F L P M A  is too f u z z y  to 
be the b a sis of such rights. M E M O R A N D U M  O F  T H E  S O L I C I T O R  OF 
T H E  D E P A R T M E N T  O F  T H E  INTERIOR, 88 I n t e r i o r  Dec. 253 (1981).

C o l d i r o n  view: "There is no 'federal n o n - r e s e r v e d  w a t e r
ri g h t . ' "  N O N - R E S E R V E D  W A T E R  R I G H T S — U N I T E D  S T A T E S  C O M P L I A N C E  
W I T H  S TATE LAW, 88 I n t e r i o r  Dec. 1055 (1981).

O l s o n  v i e w  (Office of L e gal C o u n s e l ) :  Su c h  r i g h t s  m i g h t  well
exist, but o n l y  w h e r e  c o n g r e s s  e x p l i c i t l y  or c l e a r l y  p r o v i d e s  
for theml U.S. Dept, of Justice, Office of Leg. Counsel, "Federal Non- 
Reserved" Water Rights (June 16, 1982).

W H A T  IS T H E  D I F F E R E N C E  B E T W E E N  R E S E R V E D  R I G H T S  A N D  N O N - R E S E R V E D
R I G H T S ?

C o g g i n s  a n d  W i l k i n s o n  s u g g e s t  that n o n - r e s e r v e d  r i g h t s  a r i s e  
w h e n  C o n g r e s s  d e l e g a t e s  to a f e d e r a l  a g e n c y  a u t h o r i t y  to 
a d m i n i s t r a t i v e l y  c l a i m  the w a t e r s  of a p a r t i c u l a r  s t r e a m  or 
l a k e , for a p a r t i c u l a r  l o c a t i o n  a n d  p u r p o s e ,  e.g., a c a m p s i t e .  
T h e s e  ri g h t s  have a p r i o r i t y  f r o m  the d a t e  "the p u b l i c  was 
g i v e n  notice, p r o b a b l y  t h r ough r u l e m a k i n g . "  G.C. C o g g i n s ,  C.
F. W i l k i n s o n ,  F E D E R A L  PU B L I C  L A N D  A N D  R E S O U R C E S  LAW, 1983 
Supp. p. 70.

FINIS



T h e  R e s o u r c e  D e v e l o p m e n t  C o u n c i l  a n d  A l a s k a  S e c t i o n  of the 
A m e r i c a n  W a t e r  R e s o u r c e s  A s s o c i a t i o n  present:

W A T E R  P O L I C I E S  A N D  R E S O U R C E  D E V E L O P M E N T  I N  A L A S K A

N o v e m b e r  9, 1985 
U n i v e r s i t y  of A l a s k a  - A n c h o r a g e  

L i b r a r y  215

8:00 - 9:00 R e g i s t r a t i o n

9:00 - 9:15 I n t r o d u c t i o n s  a n d  O p e n i n g  R e m a r k s :
P e t e  Nelson? R D C  E x e c u t i v e  C o m m i t t e e  M e m b e r

9:15 - 10:00 W a t e r  A v a i l a b i l i t y

H o w  m u c h  w a t e r  is a v a i l a b l e  in d i f f e r e n t  r e g i o n s  of 
.. A l a s k a ?  W h e n  is it a v a i l a b l e ?  W h a t  is its w a t e r  

q u a l i t y ?  H o w  m u c h  d a t a  do w e  h a v e  for d i f f e r e n t  
r e g i o n s ?  W h a t  are the p r o s p e c t s  for o b t a i n i n g  m o r e  
d a t a ?

M o d e r a t o r :  W i l l i a m  B l a c k m e r ?  M o n t g o m e r y  Engineers,
P r o j e c t  Mgr., E k l u t n a _ W a t e r  P r o j e c t

P a n e l i s t s :  Phil E m e r y ;  Chief, A l a s k a  W a t e r  R e s o u r c e s
D i v i s i o n ,  U.S.G.S.

B i l l  Long? Chief, W a t e r  R e s o u r c e s  S e c t i o n  
A l a s k a  DNR, D.G.G.S.

1 0 : 0 0  - 1 0 :15 M o r n i n g  B r e a k

1 0 : 1 5  - 1 1 :45 W a t e r  R i g h t s

W h c  h a s  the l e gal ri g h t s  to Alaska's surf a c e  w a t e r  
a n d  g r o u n d w a t e r ?  W h a t  are w a t e r  r i g h t s ?  H o w  are 
t h e y  o b t a i n e d ?  W h a t  dat? are r e q u i r e d ?  I n s t r e a m  
f l o w  a p p r o p r i a t i o n s .  F e d e r a l  r e s e r v e  w a t e r  rights.

M o d e r a t o r :  B r e n t  Petrie? Dir. of S y s t e m s  Planning,
A l a s k a  Power A u t h o r i t y

P a n e l i s t s :  J a m e s  K. E a r n e t t ;  D e p u t y  C o m m i s s i o n e r -
A l a s k a  D N R  

T o m  M e a c h a m ?  A t t o r n e y  and m e m b e r ,
A l a s k a  W a t e r  R e s o u r c e s  B o a r d

A n n e  P u f fer? R e g i o n a l  H y d r o logist, U S F S  ,
-Jou p c (Li ,

1 1 : 4 5  - 1 2 : 4 5  L u n c h  s e r v e d  ( i n c l u d e d  in r e g i s t r a t i o n  fee)



w a t e r  Q u a l i t y  2fi3LigJLea

W h a t  a r e  s t a t e  w a t e r  q u a l i t y  o b j e c t i v e s ?  W h a t  
w a t e r  q u a l i t y  c r i t e r i a  a r e  a p p l i e d ?  W h y ?  R e g i o n a l  
c o n s i d e r a t i o n s .  W h a t  r e s o u r c e s  (time, p e r s o n n e l  
a n d  mon e y )  a r e  r e q u i r e d  to m e e t  t h e s e  c r i t e r i a ?
H o w  do t h e s e  c r i t e r i a  a f f e c t  r e s o u r c e  dev<° o p m e n t ?

M o d e r a t o r :  Dr. B o b  M i l l e r ;  Dept, of Civil
E n g i n e e r i n g ,  U A A

P a n e l i s t s :  B o b  M a r t i n ;  Spec. A s s i s t a n t  to the
C o m m i s s i o n e r ,  A l a s k a  D E C  

N o r m a n  C o h e n ;  D i r e c t o r ,  Div. of H a b i t a t ,
A l a s k a  DF&G 

J i m  J i n k s ?  E x e c u t i v e  Director,
A l a s k a  M i n e r s  A s s o c i a t i o n  

Dr. C h i e n - L u  Ping? Asst. P r o f e s s o r  of
A g r o n o m y ,  UAF, Ag. & For. Exp.

A f t e r n o o n  B r e a k

C a s e  S t u d i e s :  W a t e r  a n d  E n e r g y  P o l i c i e s

H o w  h a v e  w a t e r  p o l i c i e s  a f f e c t e d  r e s o u r c e  
d e v e l o p m e n t  in A l a s k a ?  H o w  d o e s  t h e  d e v e l o p e r  
i n t e r a c t  w i t h  t h e  w a t e r  a g e n c i e s ?  In w h a t  m a n n e r  
w e r e  c o n f l i c t s  r e s o l v e d ?  In w h a t  m a n n e r  c o u l d  
r e s o l u t i o n  of c o n f l i c t s  be s t r e a m l i n e d ?

M o d e r a t o r :  S t e p h e n  B r e d t h a u e r ?  R & M C o n s u l t a n t s
a n d  Pre s i d e n t ,  A K  Section, A W R A

/ /  7  n v O  ,
P a n e l i s t s :  - B r e n t  Petr i e ?  Dir. of S y s t e m s  Plann i n g ,

A l a s k a  P o w e r  A u t h o r i t y  
- T c m  Z i m m e r ;  C h a i r m a n ,  A O G A  O p e r a t i o n s  

C o m m i t t e e
L u k e  F r a n k l i n ;  E n v i r o n m e n t a l  Specia l i s t ,  

\JC\ D i a m o n d  A l a s k a  Coal Co.
J o s e p h  J o r d a n ?  D i s t r i c t  VP,

M o r r i s o n - K n u d s e n  E n g i n e e r s
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Dick Griftin 
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Dona'd L  Hansen 
Hazel Heaih 
Dave Heatwole 
Joseon R . Henn 
M. A. Higgins 
Davr Holfman 
William J . Homung 
Joe E . Jackovich 
Dorothy A. Jones 
John Chcon K . Kim 
Kay H. Lasley 
Phillip L  Locker 
Oennis W. Lohse 
Paul J .  Martin 
Oonaid Marx 
Peter McDowell 
Len McLean 
William F . Meehan, J r .
Max 0 . Nalley 
Richard A. Peluso 
Erik V. Peterson 
William R. Purnngton 
William E . Schneider 
Steve Seley 
Un S . Sloane 
Dale Stotts 
Dale Teel 
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Beveny A. Ward 
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EX-OFFICIO  M EM BERS 
Senator Ted Stevens 
Senator Frank Murkow3ki 
Congressman Don Young 
Govenor Bill Sheffield

R e s o u r c e  D e v e l o p m e n t  C o u n d
f o r  In O  807 “rr Street, Suite 200, Anchorage, Alaska 99501-3440
I V_;i r \ I U O ^ ,  IV-/. Box 100516, Anchorage, Alaska 99510-0516 - 907/276-0700

W A T E R  P O L I C I E S  A N D  R E S O U R C E  D E V E L O P M E N T  I N  A L A S K A  / /

T h e  R e s o u r c e  D e v e l o p m e n t  C o u n c i l  a n d  the A l a s k a  S e c t i o n  
of the A m e r i c a n  W a t e r  R e s o u r c e s  A s s o c i a t i o n  i n v i t e  y o u  t< 
p a r t i c i p a t e  in a one day w o r k s h o p  c o n c e r n i n g  w a t e r  r e s o u r c e  
issues. We've a s s e m b l e d  p a n e l s  of e x p e r t s  to d i s c u s s  the 
p o l i c i e s  c o n c e r n i n g  w a t e r  use a n d  the e f f ects o n  Alaska's 
r e s o u r c e  deve l o p m e n t .  (A c o m p l e t e  a g e n d a  is attached.)

T h e r e  w i l l  b e  q u e s t i o n  a n d  a n s w e r  s e s s i o n s  a t  t h e  e n d  of 
e a c h  p a n e l  i n  w h i c h  w e  u r g e  y o u  to  t a k e  part. F o r  m o r e  
i n f o r m a t i o n  a b o u t  t o p i c s  to be discussed, p l e a s e  call 
S t e v e  B r e d t h a u e r  at 5 6 1 - 1 7 3 3 .

R E G I S T R A T I O N  I N F O R M A T I O N

D a t e :  N o v e m b e r  9, 1985
T i me: 8:00 a.m. to 4:30 p.m.

P l a c e :  L i b r a r y  215, U n i v e r s i t y  of Alaska, A n c h o r a g e

R e g i s t r a t i o n  fee: $40.00
S t u d e n t  R e g i s t r a t i o n :  $15.00

I

(Lunch is i n c l u d e d  in y o u r  registration. P l e a s e  m a k e  
c h e c k s  p a y a b l e  to t h e  R e s o u r c e  D e v e l o p m e n t  Council.)

C a l l  L y n n  G a b r i e l  at 276-0700 w i t h  a n y  q u e s t i o n s  
c o n c e r n i n g  registration.

P L E A S E  R E T U R N  T H I S  P O R T I O N  W I T H  R E G I S T R A T I O N  F E E  

S e n d  to:

R e s o u r c e  D e v e l o p m e n t  C o u n c i l  for A K . , Inc.
P.O. B o x  100516 
A n c h o r a g e ,  AK  99510

Name:

A d d r e s s

P h o n e

A  r e t u r n  e n v e l o p e  is e n c l o s e d  for y o u r  convenience.

GOĴ c722



The Resource Development Council and Alaska Section of the 
American Hater Resources Association present:

HATER POLICIES AND RESOURCE DEVELOPMENT IN ALASKA

November 9, 1985 
University of Alaska - Anchorage 

Library 215

8:00 - 9:00 Registration

9:00 - 9:15 Introductions and Or arks

9:’5 - 10:00 Water Availability

How much water is available in different regions of 
Alaska? When is it available? What is its water 
quality? How much data do we have for different 
regions? What are the prospects for obtaining more 
data?

Moderator: William Blackmer; Montgomery Engineers 
Project Mgr., Eklutna Water Project

Panelists: Phil Emery; Chief, Alaska Watsr Resources
Division, U.S.G.S.

Bill Long; Chief, Water Resources Section 
Alaska DNR, D.G.u.J.

10:00 - 10:15 Morning Break

10:15 - 11:45 Water Rights

Who has the legal rights to Alaska's surface water 
and groundwater? What are water rights?. Bow are 
they obtained? What data are required? Instream 
flow appropriations. Federal reserve water rights.

Moderator: Brent Petrie; Dir. of Systems Planning,
Alaska Power Authority

Panelists: 'James K. Barnett; Deputy Commii aioner,
Alaska DNR 

Tom Meacham; Attorney and member,
Alaska Water Resources Board 

Anne Puffer; Regional Hydrologist, OSFS

11:45 - 12:45 Lunch served (included in registration fee)

12:45 - 2:30 water Quality Policies

What are s:ate water quality objectives? What 
water quality criteria are applied? Why? Regional 
considerations. What resources (time, personnel 
and money) are required to meet these criteria?
How do these criteria affect resource development?

Moderator: Dr. Bob Miller; Dept, of Civil
Engineering, UAA

Panelists: Bob Martin; Spec. Assistant to the
Commissioner, Alaska DEC 

Steve Pennoyer; Deputy Commissioner,
Alaska DFSG 

Jim Jinks; Executive Director,
Alaska Miners Association 

Robert Loescher; VP Resource Management, 
Sealaska Corp.

2:30 - 2:45 Afternoon Break

2:45-4:30 Case Studies: Water and Energy Policies

How have water policies affected resource 
development in Alaska? How does the developer 
interact with the water agencies? In what manner 
were conflicts resolved? In what manner could 
resolution of conflicts be streamlined?

Moderator: Stephen Bredthauer;- R & M Consultants
and President, AK Section, AWRA

Panelists: Brent Petrie; Dir. of Systems Planning,
Alaska Power Authority 

Tom Zimmer; Chairman, AOGA Operations 
Committee

Robert Stiles; VP Operations & Development, 
Diamond Alaska Coal Co.

Joseph Jordan; District VP,
Morrison-Knudsen Engineers
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U . S .  g e o l o g i c a l  S u r v e y :

E a r t K ;  S c i e n c e  in >  

t h e  P u b l i c  S e r v i c e

The U.S. Geological ?• -vey (USGS), a 
bureau of the Departme. of the Interior, was 
es tab lished  by an ac t  or C ongress  on March 
3, 1879, to provide a  perm anen t Federal 
agency  to co nduc t  the system atic  and  
scientific "classification of the public lands, 
and examination of the geological s tructure, 
mineral resources ,  and  p roduc ts  of the 
national dom ain .” An integral part of that 
original mission includes publishing and  dis­
seminating the ea r th -sc ience  information 
needed  to understand , to plan the use  of, and 
to m an ag e  the  Nation’s energy, land, mineral, 
and  w ater resources .

S ince 1879, the re sea rch  and  fact-finding 
role of the USGS h£ grown and  been  modi­
fied to m eet the changing  n ee d s  of the Nation 
it serves. T oday’s program s serve  a  diversity 
of n eed s  and  users  and include a sse ss in g  the 
Nation's energy and mineral resou rces ;  
providing information to enab le  society  to 
mitigate the im pacts  of ea r th -sc ience  haz­
ards, such  a s  floods, ea r thquakes ,  volcanoes,
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landslides  and  droughts ;  evaluate j  and  
monitoring the quantity, quality, a.id distribu­
tion of su rface-  and  g round-w ater  re sources ;  
operating  the national m apping program ; 
providing detailed  an d  innovative m ap p rod­
ucts, such  a s  com p u te r -g en e ra ted  d a ta  for a 
variety of m apping  and  planning needs ;  
investigating the re so u rce  potential of the 
o ce an  floor in a s e a rc h  for dom estic  so u rces  
of critical and  s tra teg ic  minerals; and 
developing geologic a n i  hydrologic criteria 
to aid regulatory ag e n c ie s  to se lec t  the best  
s i tes  for the safe  d isposa l of hazardous  
w astes .

Along with its continuing com m itm ent to 
m eet the ea r th -sc ien ce  n e e d s  of the Nation, 
the USGS rem ains  d ed ica ted  to its original 
mission to collect, a ra ly ze ,  interpret, pubiish, 
and  d issem inate  information abou t the 
natural r e so u rce s  of the Nation. Specific 
responsibilities and  program s, carried  out by 
the Geologic, National Mapping, and  W ater 
R e s o u ic e s  Divisions of the USGS, include:

• Conducting deta iled  a s s e s s m e n ts  of 
the energy  an d  mineral potential of the 
N ation 's  land an d  offshore a r e a s ;

•  Issuing warn ings of ea r thquakes ,  vol­
can ic  eruptions, landslides, and  o ther 
geologic  and  hydrologic hazards ;

• Conducting re sea rc h  on the geologic  
s truc tu re  of the  Nation;

• S tudying the geologic  features, s t ru c ­
ture, p ro c es se s ,  and  history of the 
o ther p lane ts  of our so lar  system ;

& Conducting to p o g rap h ic  surveys of the 
Nation and  p reparing  topograph ic  and  
them atic  m ap s  an d  re la ted  ca r to ­
g raph ic  p roduc ts ;

• Developing and  producing  digital 
c a r tog raph ic  d a ta  b a s e s  and  p roduc ts ;

•  Collecting d a ta  on a system atic  bas is  to 
determ ine the quantity, quality, and  use  
of su rface  and  ground water;

•  Conducting w a te r-re source  ap p ra isa ls  to 
desc r ib e  the c o n s e q u e n c e s  of a l te rna­
tive p lans  for developing land and  w ater  
re sources ;

• Conducting re sea rch  in hydraulics and  
hydrology, and  coordinating all Federal 
w ater  d a ta  acquisition;

• Using remotely s en se d  d a ta  to develop 
new cartographic , geologic, and 
hydrologic re sea rch  techn iques  for 
natural re so u rces  planning and m an­
agem en t;  and

• Providing ea r th -sc ience  information 
through an extensive publications p ro ­
gram  and  a network of public a c c e s s  
points.

USGS h ead q u ar te rs  are  located  at its 
National C enter in Reston, Va. R esea rch  and 
d a ta  gathering p rogram s are  co n d u c ted  
through regional offices in Denver, Colo., 
Menlo Park, Calif., and  Reston, Va., and 
through several hundred  field offices located 
a c ro s s  the country. To learn m ore about the 
USGS, its re sea rch  program s, an d  its in­
formation products ,  con tac t  the offices listed 
below.

S o u r c e s  of B o o k  Publications 

a n d  M a p s

To order  USGS oook publications and  to 
reques t  USGS circulars, ca ta logs, and  
pamphlets, write:

Eastern Distribution Branch 
U.S. Geological Survey 
604 S. P ickett S treet 
Alexandria, VA 22304

For information on the availability of micro­
fiche or paper-dup lica te  cop ies  of more than 
10,000 se lec ted  Open-File and W ater- 
R eso u rces  Investigations Reports, write: 

Open-File Serv ices  Section 
U.S. Geological Survey 
Box 25425, Federal Center 
Denver, CO 80225

To order free  m ap  indexes or to p u rch ase  
m aps  of a re a s  ea s t  of the Mississippi River 
(including Minnesota, Puerto  Rico, and  the 
Virgin Islands), write:

Eastern Distribution Branch 
U.S. Geological Survey 
1200 S. E ads  S treet  
Arlington, VA 22202



To o rd e r  free  m ap indexes  or to p u rc h ase  
m aps of a r e a s  west of the Mississippi River 
(including Alaska, Hawaii, Louisiana, Guam, 
and Sam oa), write:

W estern  Distribution Branch 
U.S. Geological Survey 
Box 25286, Federal C en ter  
Denver, CO 80225

R esiden ts  of A laska may o rde r  A laskan 
m aps from:

A laska Distribution Section 
New Federal Building 
101 12th Ave., Box 12 
Fairbanks, AK 99701

Public Inquiries Offices

G eneral  information ab o u t  USGS program s, 
activities, and  publications is provided by 
the Public Inquiries Offices (PIO’s), which 
sell, over the counter , m ap s  of local a r e a s  
and book publications of local an d  genera l 
interest:

A l a s k a  U.S. Geological Survey 
108 Skyline Building 
508 S eco n d  Avenue 
A nchorage, AK 99501 
Phone: (907) 277-0577

U.S. Geological Survey 
Rm. 122, Bldg. 3 (MS533) 
345 Middlefield Road 
Menlo Park. CA 94025 
Phone: (415) 323-8111, 

ext. 2817

U.S. Geological Survey 
504 Custom House 
555 Battery S treet 
San  Francisco, CA 94111 
Phone: (415) 556-5627

C o l o r a d o  U.S. Geological Survey 
169 Federal Building 
1961 S tout S tree t 
Denver, CO 80294 
Phone: (303) 837-4169

D i s t r i c t  o f  U.S. Geological Survey *
C o l u m b i a  1028 G eneral Serv ices  Bldg.

19th and  F S treets ,  NW 
Washington, DC 20244 
Phone: (202) 343-8073

T e x a s  U.S. Geological Survey
1C45 Federal Building 
1100 C om m erce  S treet  
Dallas, TX 75242 
Phone: (214) 767-0198

V i r g in ia  U.S. Geological Survey 
503 National Center, 

Rm. iC402 
Reston, Va  22092 
Phone: (703) 860-6167

W a s h i n g t o n U.S. Geological Survey 
678 U.S. C ourthouse  
W est 920 R iverside Ave. 
S pokane ,  WA 99201 
Phone: (509) 456-2524

* The Reston, Va., and W ashington, D.C., 
PIO’s sell m ap s  of all the  S ta te s  an d  m ost 
USGS book publications.

This publication <s one of a series of general interest publications 
prepared by the U S  Geological Survey to provide information about 
the earth sciences, natural resources, and the environment To obtain 
a catalog of additional titles m ihe series 'Popular Publications of the 
U S Geological Survey." write

or Western Distribution BranchEastern Distribution Branch 
U S Geological Survey 
604 South Pickett Street 
Alexandria. VA 22304

U S Geological Survey 
Box 2 52 86 . Federal Center 
Denver. CO 80225

C a l i f o r n i a U.S. Geological Survey 
7638 Federal Building 
300 N. Los A ngeles St. 
Los A ngeles, CA 90012 
Phone: (213) 688-2850

U t a h U.S. Geological Survey 
8105 Federal Building 
125 South S ta te  S treet  
Salt Lake City, UT 84138 
Phone: (801) 524-5652

OU.S. GOVERNMENT PRINTING OFFICE: 1984-421-618/110

U.S. Department of the Interior/Geological Survey

As the Nation's principal conservation agency, the 
Department of the Interior has responsibility for 
most of our nationally owned public lands and na­
tural resources. This includes fostering the wisest 
use of our land and water resources, protecting our 
fish and wildlife, preserving the environmental and 

cultural values of our national parks and historical places, and 
providing for the enjoyment of life through outdoor recreation.
The Department assesses our energy and mineral resources and 
works to assure that their development is in the best interests 
of all our people. The Department also has a major responsibility 
for American Indian reservation communities and for people who 
live in Island Territories under U.S. administration.

U .S . G e o lo g i c a l  S u r v e y :
E a r t h  S c i e n c e  i n  t h e  

P u b l i c  S e r v i c e



U.S. Department of the Interior/Geological Survey

W a t e r  D o w s i n g



W a t e r  D o w s i n g

O ne of the major responsibilities of the U.S. 
Geological Survey is to a s s e s s  the  quantity 
and quality of the Nation’s  surface- and 
ground-w ater supplies. The Survey’s Water 
R esources  Division, in cooperation  with other 
Federal, State, and local agencies ,  maintains a 
nationwide hydrologic da ta  network and 
carries out w a te r-re sou rce  and hydrologic 
investigations.

Numerous general inquiries concerning 
w ater resources  and hydrology a re  directed 
to the Survey, which has  p repared  a num ber 
of "popular  publications” to help answ er 
such  requests . As part of that group  of 
publications, this leaflet w as p repared  to 
answ er som e of the most frequently asked  
questions about the sub jec t  of w ater dowsing 
and is not intended to make editorial 
com m ent on dowsing or its practitioners.
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and Roman natura lis ts  and sc ien tis ts  do not 
mention the u se  of a  m agic rod, although they 
do give hints and d irections for finding water.

The exact origin of th e  divining rod in 
Europe is not known. The first detailed 
description of it is in Jo h a n n e s  Agricola 's "De 
Re Me:allica” (1556), a  descrip tion of German 
mines and  mining m ethods. The device  was 
introduced into England during the reign of 
Elizabeth I (1558-1603) to loca te  mineral 
deposits, and soon afterward it w as adopted  
as  a w ater  finder 'n ijghou t Europe.

The practice  of w ate r  dowsing has  always 
a roused  w idesp read  controversy. Its 17th 
century cham pions  a t tem pted  to explain it by 
the principal of "em p a th y ” or "attraction and 
repulsion." Its adve rsa rie s  co n dem ned  it as  
a superstitious and vain practice .  S om e held 
that the  stick was moved by a sa tan ic  
influence, and o thers  believed that the 
dowser received his pow er from God. To 
protect aga inst  evil, the rod was som etim es 
"Christianized" by being p laced  in bed with 
a newly baptized child, by w hose  Christian 
nam e it was afterward ad d ressed .

Despite opposition from church  and lay 
leaders, u se  of the rod s p re a d  throughout 
Europe. W ater dowsing se e m s  to be a mainly 
European cultural phenom enon , completely 
unknown to New World Indians and Eskimos.
It was carried  ac ro s s  the Atlantic to America 
by so m e of the earliest se t t le rs  from England 
and Germany. Although the published record 
was very slight at first, w ater dowsing or 
witching began  to b e  m entioned after 1675 
in connection with w itches  and witchcraft.
Two artic les condem ning  it ap p e a re d  in the 
1821 and  1826 issues  of the  American Journal
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of S c ience  and w ere  am ong the first in a long 
line of trea tises on water witching.

D espite almost unanim ous condem nation 
by geologists and technic ians, the  p ractice  of 
w ater dowsing has  sp re ad  throughout 
America. It has been  sp ecu la ted  that 
thousands of dow sers  a re  active in the 
United States; many are m em bers  of the 
American Society of Dowsers, Inc.

W h a t  D o  D o w s e r s  Believe A b o u t  

G r o u n d  W a t e r ?

Som e dow sers seem  to beiieve that w ater 
o ccu rs  in veins resembling the veins of o n e ’s 
body. According to Henry Gross, one of the 
best known modern practitioners, 
underground water flows upward from great 
depths , forming "d o m e s .” He believes such  
dom es  to be the so u rce  of w ater  for 
underground veins that flow in various 
directions. Three d o m es  supposed ly  on top 
of Mount Washington, N. H., w ere  said to b e  
coming from a depth of 57,000 feet.

Most dowsers attem pt only to loca te  the 
positions of the so-called w ater veins. But 
many of their clients ask: How d e e p  will I 
have to drill, and how much w ater will I get?  
Som e dowsers, therefore, do  attem pt to 
estim ate  the quantity of and the depth  to 
water.

If the well driller d o es  not find w ater at the 
indicated  spot, the failure may be blam ed on 
in terference of hills with the dowsing, a short 
circuit of "current,"  incorrect drilling, or the  
crushing or deflection of the de l ica te  water 
veins by the driller.

W h a t  D o e s  S c i e n c e  S a y  A b o u t  

D o w s i n g ?

C ase  histories and dem onstra tions  of 
dow sers  may seem  convincing, but when 
dowsing is exposed  to scientific examination, 
it p re sen ts  a very different picture. For 
instance, what does  it mean to say that a
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dow ser  is successfu l in 8 out of 10 c a s e s ?
The dow ser  may find water, but how m uch? 
And of what quality? At what ra te  can it be 
w ithdrawn? For how long and with what 
im pact on other wells and on nearby s tream s?

The natural explanation of “success fu l” 
w ater dowsing is that in many a reas  water 
would be  hard to miss. The dow ser commonly 
implies that the spot indicated by the  rod is 
the o n ly  one w here  w ater could be found, 
but this is not necessarily  true. In a region of 
ad e q u a te  rainfall and favorable geology, it is 
difficult not to drill and  find water!

S om e w ater exists under the Earth’s 
su rface  almost everywhere. This explains 
why many dow sers  a p p e a r  to be successful. 
To locate  ground water accurately, however, 
a s  to depth, quantity, and quality, a num ber of 
tech n iq u es  must be used. Hydrologic, 
geologic, and geophysical knowledge is 
n eed ed  to de term ine  the dep ths  and extent 
of the different w ater-bearing s tra ta  and the 
quantity and quality of w ater found in each. 
The a rea  must be thoroughly tested  and 
s tud ied  to determ ine these  facts. The U.S. 
Geological Survey, the  Federal agency  with 
major responsibility for assess ing  the 
quantity and quality of the Nation's surface 
and ground w aters, believes that no single

Stream

r-bearing rock
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sand. An "aquifer"  is any body of rock that 
contains a usab le  supply  of water. A good 
aquifer must be  both porous enough  to hold 
w ater and perm eab le  enough  to allow the 
continuous recharge  of w ater to a well. 
Gravel, sand , sandstone ,  and lim estone are  
am ong the best aquifers, but they form only 
a fraction of the rocks in the Earth 's  crust. 
Most rocks a re  fine g ra ined  or otherw ise 
"tight" and s tore or carry little water.

As a  first s tep  in locating ground water, 
the hydrologist p rep a re s  a geologic map 
showing w here  the different kinds of rock 
com e to the land surface . Som e of the  rooks 
may be so  c rack ed  and broken that they 
provide good open ings  to carry  w ater 
underground. The rocks may be so folded 
and d isplaced, however, that it is difficult to 
t race  their location underground.

Next, he g a th ers  information on the wells 
in the  a rea— their locations, the depth  to 
water, the am ount of w ater pum ped, and the 
kinds of rock they p ene tra te .  B ecau se  he 
cannot always afford to drill a tes t  hole to 
obtain information, reco rd s  of wells already 
drilled are his mainstay.
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If there a re  no wells in the area, or not 
enough information is available on existing 
ones, the hydrologist may contract with a well 
driller to put down som e test holes. At these 
holes he will make pumping or aquifer tests. 
T hese tests indicate the water-bearing 
properties of the aquifer tapped  by the well. 
From the tes ts  the hydrologist can determ ine 
the amount of w ater moving through the 
aquifer, the volume of water that can  enter 
the well, and the effect of pumping on the 
water level of other wells in the area.

For m an 's  use  of water, quality is just as 
important as  quantity. The hydrologist will 
take sam ples  of w ater from different wells 
and have them chemically analyzed.

The hydrologist’s report and geologic map 
will show w here  water can be found, its 
chemical composition, and in a general way, 
how much is available. This is the scientific 
app roach  used  by the U.S. Geological Survey, 
S ta te  resource  agencies ,  and consulting 
eng ineers  in making their ground-water 
studies. Information about local ground-water 
conditions may be found in the offices that 
the U.S. Geological Survey 's Water 
R esources  Division maintains in all 50 
States.

W h e r e  C a n  I Find O u t  M o r e  A b o u t  

W a t e r  D o w s i n g  a n d  G r o u n d  

W a t e r ?

The only com prehensive report on water 
dowsing published by the U.S. Geological 
Survey is The D iv in ing  Rod, A H is to ry  o f 
W ater W itch ing , by A. J. Ellis, published as 
USGS Water-Supply Paper 416 in 1917 and 
reprinted in 1957. This report contains 
detailed information and includes re ferences  
to several hundred  p ap e rs  on the use  of the 
divining red and related subjects .

U.S. Geological Survey Water-Supply Paper 
1800 The R ole o f G round  W ater in  the  
N a tio na l W ater S itua tion , by C. L.
McGuinness, 1963, sum m arizes the
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s t f r n r y .  As the Nation's principal conservation
agency, the Department of the Interior has 
resPo n s 'bility for  m ost of our nationally 

?v » 7 i / 7  owned public lands and natural resources.
This includes fostering the w ises t  use  of 

—  our land and w ater  resources, protecting
our fish and wildlife, preserving the environmental and 
cultural values of our national parks and historical 
p laces, and providing for the enjoyment of life through 
outdoor recreation. The Department a s se ss e s  our 
energy and mineral resources  and works to assure  that 
their developm ent is in the bes t interests  of all our 
people. The Department also has a major responsibility 
for American Indian reservation communities and for 
people who live in I s h n d  Territories under U.S. 
administration.
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W h a t  Is W a t e r  D o w s i n g ?

“W ater dowsing" refers in general  to the  
p rac tice  of using a forked stick, rod, 
pendulum, or similar device  to locate 
underground water, minerals, or other 
hidden or lost su b s tan ces ,  and  has  been  a 
sub jec t  of d iscussion and controversy  for 
hundreds, if not thousands, of years.

Although tools and m ethods vary widely, 
most dow sers  (also called diviners or w ater 
witches) probably still use  the traditional 
forked stick, which may co m e  from a variety 
of trees, including the willow, peach ,  and 
witch hazel. Other dow sers  rnay use  keys, 
wire coa thangers ,  pliers, wire rods, 
pendulum s, or various kinds of e labora te  
boxes and  electrical instruments. S om e claim 
pow ers that enab le  them  to “s e e "  through soil 
and rock, and  so m e are  m edium s who go into 
t rances  when conditions a re  favorable.

In the c lassic  m ethod of using a forked stick, 
one fork is held in each  hand with th e  paints 
upward. The bottom or butt end  of the "Y” is 
pointed skyward at an angle of about 45°. The 
dow ser than walks back and  forth over the 
a rea  to be  tested . When he p a s s e s  over a 
so u rce  of water, the butt end of the stick is 
su p p o sed  to rotate  or b e  a ttrac ted  downward.

According to dowsers, the attraction of the 
w ater may be so  great  that the bark  pee ls  off 
as  the rod twists in the hands. S om e dow sers  
a re  said to have suffered blistered or bloody 
hands  from the  twisting.

Although most dowsing for w ate r  is d o n e  at 
the  actual site w here  w ate r  is needed , so m e  
dow sers  claim to be ab le  to locate  water 
simply by passing  the  stick over a map.
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Consolidaied-rock aquifers (mostly lime­
stone, sandstone, or volcanic rocks).

Both unconsolidated-and consolidated-rock 
aquifers.

Not known to be underlain by aquifer that 
will generally yield as much as 50 gpm to 
wells.
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technique suffices to locate  favorable water- 
well sites.

Numerous books and pam phle ts  have been 
written on the sub jec t  of w ater dowsing.
S o m e of these  publications report on 
scientifically controlled experim ents  and 
investigations. From these  findings, the U.S. 
Geological Survey has conc luded  that the 
ex p en se  of further tests of w ater dowsing is 
not justified.

H o w  D o e s  G r o u n d  W a t e r  O c c u r ?

Contrary to the belief of dow sers,  ground 
w ater does not commonly flow in veins, 
dom es, or underground rivers. G round water 
is the water which fills po res  or c rack s  in 
underground rocks. It is replenished by 
na tu re  according to the local clim ate and 
geology and is variable in both am ount and 
quality.

When rail fails, the plants and soil take up 
water. Som e of the ex cess  w ater runs off to 
s tream s, and  so m e perco la tes  down into the 
po res  or c racks  in the su b su rface  rocks. A 
well that ex tends  into the sa tu ra ted  zone will 
fill with w ater to the  level of the w ater tab le—  
the top of the  zone in which all the openings 
of the rocks are  filler' with water.

It is important to ki ow w hether w ater will 
flow into the well fast nough to m ake it 
useful for m an ’s purpo. es .  A ’’tight" rock 
such  as  clay or solid g:anite, with tiny pores  
or only a few narrow cracks, may give up 
w ater so slowly that it is not useful. If the 
openings in the rock are  large enough  to let 
w ater flow freely, however, water in useful 
am ounts  can be  taken out.

Several water-bearing rock layers may lie 
beneath  the surface, s ep a ra ted  by layers of 
rock less cap ab le  of carrying water. This 
geologic configuration may give rise to 
artes ian  conditions, where  w ater levels in 
wells that p en e tra te  the d ee p e r  i.ayers of 
water-carrying rock rise under pressure, and 
in so m e instances ris^ 'so high as  to crea te  
flowing wells.
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W ater dow sers  prac tice  mainly in rural or 
su b u rb an  com m unities w here  res idents  are 
uncerta in  as  to how to locate the best  and 
ch e a p e s t  supply of ground water. B ecause  
the drilling and developm ent of a well often 
cos ts  m ore  than a thousand  dollars, 
hom eow ners  a re  understandab ly  reluctant to 
gam ble  on a dry hole and  turn to the water 
dow ser  for advice. The dowser, in turn, 
undoubtedly  believes that he  is endow ed 
with a natural ability or has  found a workable 
if unexplainable  m ethod of locating 
underground  water.

W ater is only o n e  of many su b s tan ce s  that 
different dow sers  claim they can find. 
Divining rods have been  used  in a ttem pts  to 
locate gold, silver, lead, uranium, oil, coal, 
and  o ther valuable minerals; to d iscover 
buried or h idden treasure;  to find lost 
landm arks and  reestablish  property 
boundar ies ;  to d e tec t  criminals or hidden 
soldiers; as  well a s  to ana lyze personal 
cha rac te r ,  and to trace  lost animals. A few 
dow sers  even claim the ability to d iagnose  
and  cu re  d ise a se  or to de term ine  the sex  of 
an unborn child.

H o w  D i d  W a t e r  D o w s i n g  B e g i n ?

One of the  first known divining rods was 
that m entioned in the  Biblical p a s sa g e  in 
which M oses s trikes  a rock with his rod and 
w ater g u sh es  forth (Num bers 20: 9-11). Cave 
paintings in northw estern  Africa that are 
6,000-8,000 years  old are  believed to show a 
w ater dow ser  at work. Divining rods were 
also u sed  by th e  Scythians, Persians, and 
Medes. Most acco u n ts ,  however, by Greek
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Ground-water a reas  in the conterminous United States 
capable  of yielding 50 gallons per minute or more to w

EXPLANATION
Any pattern shows an area underlain by 
aquifer generally capable of yielding to 
individual wells 50 gpm (gallons per mi 
or more of water containing not more th 
2,000 ppm (parts per million) of dissolv 
solids (includes areas where more highl 
mineralized water is actually used).

Watercourses in which ground water can 
be replenished by perennial streams.

Buried valleys not now occupied by 
perennial streams.

Unconsolidated and semiconsolidated 
aquifers (mostly sand and gravel).

a
\ \v

V
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How ground water occurs in rocks.

H o w  D o  Hydrologists L o c a t e  

G r o u n d  W a t e r ?

C om pared  to the dow ser 's  dramatic 
display, the hydrologist’s p ro ced u re  for 
locating ground w ater may seem  dull. His 
patient pursuit of the  unseen  is interesting, 
nonetheless.

The lan d scap e  offers helpful clues. Shallow 
ground w ater is m ore  likely to o ccu r  in larger 
quantities under valleys than under hills, 
b ec au se  ground w ater  obeys the law of 
gravity and flows downward just as  su rface  
w ater does. In arid regions the p re se n c e  of 
■'water-loving" plants  is an indication of 
ground w ater at shallow depth. Any a re a  
where w ater show s up at the surface, in 
springs, seeps ,  swam ps, or lakes, must have 
som e ground water, though not necessarily  
in large quantity or of usab le  quality.

Rocks are  the most valuable clues  of all. 
Hydrologists u se  the  word "rock" for hard, 
conso lidated  formations such  as  sands tone ,  
limestone, or g ran ite  as well a s  for loose, 
unconsolidated  sed im ents  such  as gravel or



o cc u rre n ce  and development of g round water 
in the con term inous  United Sta tes.

These  reports  a re  now out of print, but can 
be  consu lted  at certain Geological Survey 
libraries and  offices.

For a simple and easily understood  
d iscussion  of bas ic  facts, principles, and 
p rob lem s of water, consult A P rim e r on  
W ater, by L. B. Leopold and W. B. Langbein, 
1960, and  A P rim er on G round W ater, by H.
L. Baldwin and C. L. McGuinness, 1963.
T h ese  prim ers a re  sold by the Alexandria 
Branch of Distribution listed below.

Th.-s publication is one of a series of general interest publications 
prepared by the U S  Geological Survey to provide information about 
the earth sciences, natural resources, and the environment To obtain 
a catalog of additional titles m the series "Popular Publications of the 
U .S. Geological Survey." write

Eastern Distribution Branch, or Western Distribution Branch
U S  Geological Survey u $  Geological Survey
604  South Pickett Street Bo* 2 52 06 . Federal Center
Alexandria. VA 22304  Denver. CO 80225
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G r o u n d  W a t e r

Twin Spring, Thousand Springs, Idaho.

Som e  w ater  underlies the  Earth’s su rface  
almost everywhere, beneath  hills, mountains, 
plains, and deserts .  It’s  not always accessib le ,  
it’s not always fresh enough for use  without 
treatment, and it’s  som etim es difficult to 
locate  or to m easu re  and describe . This water 
may occur  close  to the land surface, a s  in a 
marsh, or it may lie many hundreds  of feet 
below the surface, a s  in so m e  arid a reas  of 
the West. S o m e  water, especially  in very 
shallow zones, might be just a few hours old; 
in a m oderately  d eep  zone, it may be 100 
years old; at great depth or after having 
flowed long d is tances  from places  of entry, it 
may be  hundreds of thousands  of years  old.



The p re se r  u sag e  of ground w a te r  th rough­
out th e  country— m ost intensive in parts  of the 
W est— and the potential for much additional 
developm ent,  dem onstra te  that it is the 
Nation 's  principal reserve  so u rc e  of fresh 
w ater. This re so u rce  will b eco m e  even more 
valuable  in the  years  ah ead  as  the Nation 
c o p e s  with burgeoning natu ra l-resource  and  
environmental problem s and  increased  w ater 
d em ands .

The Nation’s  total supply of w ater  is large. 
A verage annual streamflow in the co n te r­
m inous (48) S ta tes  is about 1,200 billion 
gallons a  day or about three times the p resen t 
w ater use. Much of that  streamflow is w ater 
d isch a rg ed  from ground-w ater reservoirs.
The distribution of water in both s p a c e  and  
time is irregular. S om e a reas ,  however, 
a lready  face  ser ious  regional w ater sh o r tag es  
— using w ater faster than it is naturally 
rep lenished. Further developm ent of needed  
energy, mineral, and agricultural re so u rces  
is d ep e n d en t  largely upon a d e q u a te  w ater 
supplies.

H o w  G r o u n d  W a t e r  O c c u r s

It is difficult to p icture w ate r  underground. 
Som e p eo p le  have fanciful notions of under­
ground lakes or of w ater  flowing in veins or 
underground  rivers. In fact, ground w ater  is 
simply w ater  tha t  fiils pore? or c rack s  in 
su b su rfa ce  rocks. It is ultimately rep len ished  
by precipitation, accord ing  to the local 
climate and  geology, and  is unevenly distrib­
uted in both quantity and  quality.

The so u rce  of ground w ater  is precipitation. 
When rain fa' s  or snow melts, plants and  soils 
take  up water. S om e w ater is evapora ted  to 
the a tm o sp h ere  from plant leaves, s o m e  runs 
off to s tream s, and  so m e perco la tes  down 
into the pores  or c racks  in rocks. W hen rain 
falls, th e  first w ater  that en ters  the  soil 
rep laces  w ater that has  been  ev apora ted  or 
u sed  by plants during a  p reced ing  dry spell.

Between the land su rface  and  the  w ater 
tab le  is a  zone that hydrologists call th e
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urisa tu ra ted  zone  in which there  is usually at 
least a little water, mostly in smaller open ings 
of the soil and  rock. T he larger open ings in 
the rocks of the zone at times contain mostly 
air instead of water. After a  significant rain, 
th e  zone may be almost sa tu ra ted ; in a long 
dry spell, it may b eco m e  drained and  almost 
dry. In this zone, som e w ater is held in the 
soil and  rocks by m o le c u la r a ttrac tio n , and it 
will not flow toward or en ter  a  well. Similar 
forces hold enough w ater in a  wet towel to 
m ake it feel dam p after it has  s topped  
dripping.

After the thirsty plants  and soil have had 
enough  w ater and  if rain continues to fall, the  
ex c e s s  w ater will drain to the w ate r tab le—  
the top of the zone in which openings in rocks 
a re  sa tu ra ted .  Below the water table, all th e  
o p en ings— crevices and  po res— are  full 
of water. The raindrops have, at last, becom e 
ground water, and  this w ater is free to move 
from the  sa tu ra ted  rocks to a nearby  s tream  
or into a  well being pum ped. A well, in simple 
concep t,  may be  regarded  as  nothing more 
than an extra large pore  into which gravity 
forces  new w ater a s  w ater is removed from
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volume of the aquifer. If the grains, however, 
are poorly sorted, the spaces between larger 
grains may be filled w ith smalle r grains 
instead of water. Poorly sorted rocks, there­
fore, do not hold or transm it as much water 
as well-sorted rocks.
If water is to move through rock, the pores 

must be connected to one another. If the rock 
has a great many connected pore spaces big 
enough that water can move free ly through 
them, the rock is said to be permeable.
A rock that is a good source of water must 

conta in many in terconnected pore spaces or 
cracks. A compact rock almost w ithou t pore 
spaces, such as granite, may be permeable if 
it conta ins enough sizable cracks or fractures. 
Nearly all consolidated rock formations are 
broken by para lle l systems of cracks, called 
jo in ts by geologists. These jo in ts are caused 
by stresses in the Earth 's crust s im ila r to 
those that elevate mountains, cause earth­
quakes, and cause other earth movements.
A t firs t many jo in ts are hairline cracks, but 
they tend to enlarge through the action of 
many physical and chem ical processes. The 
ice crystals formed by water that freezes 
in rock crevices near the land surface w ill 
cause the rocks to sp lit open. Heating by the 
Sun and coo ling at night cause expansion and 
contraction that produce the same result. 
Water w ill enter the jo in ts and may gradua lly 
dissolve away the rock or flush out weathered 
rock and thereby enlarge the openings.
As ground water moves through permeable 

rocks, it moves around and between neigh­
boring impermeable ones; thus, like surface 
water, it takes the paths of least resistance. 
A lthough it moves slowly, it may trave l fo r 
m iles before it emerges as a spring , seeps 
unseen into a stream , or is tapped by a well.
A relationship does not necessarily exist 

between the water-bearing capacity of rocks 
and the depth at which they are found. A very 
dense gran ite (poor aquifer) may be found at 
the Earth’s surface, as in New England, 
whereas a porous sandstone (be tte r aquifer) 
may lie hundreds or thousands of feet below
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the surface, such as the Dakota Sandstone 
mentioned previously. Rocks that yie ld fresh 
water have been found at depths of more 
than 6 , 0 0 0 feet, and salty water has come 
from oil wells at depths of more ihan 30,000 
feet. On the average, however, porosity and 
permeability decrease as depth increases; 
the pores and cracks in the rocks at great 
depths are v irtua lly closed because of the 
pressure of overlying rocks.
A fte r entering an aquifer, water moves 

toward lower lying places of discharge 
from the aquifer. Ground water also can move 
upward when it is confined under pressure 
between layers of impermeable rock, such as 
clay or shale. If an aquife r confined under 
such pressure is pierced by a well, water w ill 
rise above the top of the aquifer and may 
even flow from the well onto the land surface. 
Water confined in this way is said to be under 
artesian pressure, and the aquifer is called 
an artesian aquifer. The word artesian comes 
from the town of Arto is in France, the old 
Roman city o f Artesium , where the best 
known flow ing artesian wells were drilled in 
the M iddle Ages. The imaginary level to which 
water w ill rise in tigh tly cased wells in 
artesian aquifers is called the po ten tiom etric 
surface.
Deep wells bored into rock to in te rsec t the 

water tab le and reaching far below it are 
often called artesian wells in ord inary conver­
sation, but th is is not necessarily a correct 
use of the term . Such deep wells may be just 
like ordinary, shallower wells; great depth 
alone does not automatica lly make them 
artesian wells. The word artesian, properly 
used, refers to situations where the water is 
confined under pressure below layers of 
impermeable rock.
Where ground water is. not confined under 

pressure, it is described as being under 
water-table conditions. For practica l reasons, 
hydro log ists need to know whether they are 
dealing with water under artesian o r water- 
table conditions. For example the two kinds
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Patterns indicate areas undortajn by productive 
aqJfurs (capable ot yvjktng 50 or more galtona 
por rmule ol fresh water to woAs) Areas without 
patterns are underlain by smaller capacity or less 
out on we aquifers

EXPLANATION

Watorcourso productive aquifer adiacont 
to and capable ol replenishment by 
poronruai streams

Uncmsohdaiod aquifers mostly sand 
and gravy*

Consoiideled rock aquifers mostfy volcanic 
rocks m the Northwest, mostly sandslono 
and fimestono elsewhere

•Combmation aqu-fers sand and gravo* 
aquifers overlying product*vo 
rock aquifers
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Artesian aquifer and recharge area

of aquifers— artesian and water-tab le—  
respond differently to pumping. Generally, it 
is assumed that artesian wa te r is continuous 
fo r some distance under the confin ing layer 
of rock, and that it is rep len ished some 
distance away. However, replen ishment to 
artesian aquifers may be derived loca lly by 
leakage from adjacent con fin ing rocks. Under 
water-table conditions, an aqu ife r also may 
be recharged locally and is therefore more 
immediately responsive to precip ita tion .
A spring is the result o f the natura l d is­

charge from a ground-water reservo ir filled to 
overflow ing. There are d iffe ren t kinds of 
springs and they may be classified accord ing 
to the geologic fo rm ation from which they 
come, such as limestone springs or lava-rock 
springs; or according to the amount of water 
they discharge (large or small); or accord ing 
to the temperature o f wa te r (hot, warm, or 
cold); or by the forces causing the springs 
(gravity or artesian flow ).
Thermal springs are ord inary springs 

except that the water is warm, or, in some 
places, hot. Many d ischa rge in regions of
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fo r plants in small amounts but is to x ic to 
some plants in only sligh tly larger concen­
trations.

Water tha t contains a lot of ca lc ium and 
magnesium is said to be hard. The hardness 
of water can be expressed in terms of the 
amount of ca lc ium carbonate (the princ ipa l 
constituent of limestone) or equivalent 
m inerals tha t would be formed if the water 
was evaporated. Water is e<:n,;'dered soft if it 
conta ins 0 to 60 m g /L of haiuness constitu ­
ents, moderate ly hard if between 61 to 1 2 0  
m g /L , hard if between 121 and 180 m g /L , and 
very hard if more than 180 mg/L. Very hard 
water is not desirab le for many dom estic 
uses; fo r example, it w ill leave a sca ly deposit 
on the inside of pipes, boilers, and tanks.
Hard water, however, can be made soft at a 
fa irly reasonable cost, and it is not always 
desirable to remove all the minerals that 
make water hard. Extremely soft wate r is 
like ly to corrode metals but is su itab le fo r 
laundering, dishwashing, and bath ing. Water 
fo r a municipa l supp ly commonly strikes a 
reasonable balance between hardness and 
softness.

G roundwa te r, especially acid ic ground 
water, in many places contains excessive 
amounts o f iron. This iron causes reddish 
stains on plumbing fixtures and clo th ing . 
Like hardness, excessive iron con ten t can 
be reduced by treatment.

Ano ther characte ris tic that must be con­
sidered in water, whatever its source, is pH 
which is a measure of the hydrogen-ion 
concen tra tion . The pH scale ranges from 0 
to 14. A pH of 7 indicates neutral water; 
above 7, the water is basic; below 7, it is 
acid ic . A one-un it change in pH represents a 
1 0 -fo ld change in hydrogen-ion concen tra ­
tion. For example, water with a pH of 6 has 
1 0 times more hydrogen-ions than water with, 
a pH of 7. Basic water can form sca le ; acid ic 
water can corrode. According to U.S. Environ­
mental Protection Agency criteria , water for
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Natural Conditions

Salt-Water Intrusion

How intensive ground-water pumping can cause salt­
water intrusion in coastal aquifers.

domestic use should ord inarily test between 
a pH o f 5.5 and 9.
In recen t years, the growth of industry, 

technology, population, and water use has 
increased the stress upon both our land and 
water resources. Locally, the qua lity of 
ground water has been degraded. Municipa l 
and industria l wastes and chem ical fe rtilize rs 
and pestic ides, not properly contained, have 
entered the soil and filtered downward to 
threaten ground-water quality. O ther con­
tam ination problems include sewer leakage, 
incorrect septic-tank operation, and landfill 
leachates. Along some coastal areas, inten­
sive pumping of ground water has caused 
sa lt-water intrusion into fresh-water aquifers.
In recogn ition of the potentia l fo r contam i­

nation, chem ica l analyses are made routine ly
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supplies. The Survey’s Water Resources 
Division, in cooperation w ith other Federal, 
State, and local agencies, maintains a nation­
w ide hydro log ic-data network and carries out 
a wide varie ty of water-resource and hydro­
log ic investigations, and develops new 
methodologies fo r studying water. The results 
of these investigations are Indispensable tools 
fo r those involved in water-resource planning 
and management. Numerous Inquiries con­
cerning water resources and hydrology are 
directed to the Survey and to State water- 
resources and geological agencies.
Some water underlies the Earth ’s surface 

almost everywhere. To locate ground water 
accurately, however, as to depth, quantity, 
and quality, several techniques must be used, 
and a target area must be thorough ly tested 
and studied to determ ine hydro log ic and 
geolog ic features important to the planning 
and management of the resource. To start 
with, the landscape may offer clues to the 
hydro log ist about the occurrence of shallow 
ground water. Conditions fo r large quantities 
of shallow ground water are more like ly under
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valleys than under hills. In some regions— in 
parts of the arid Southwest, fo r example— the 
presence of "wa te r-lov ing ” plants, such as 
cottonwoods or willows, indlca.es ground 
water at shallow to moderate depth. Any area 
where water persists at the surface as 
springs, seeps, swamps, or lakes reflects the 
presence of ground water, although not 
necessarily in large quantities or of usable 
quality.
Rocks are the most valuable clues of all.

As a firs t step in locating favorable cond itions 
for ground-water development, the hydrolo- 
gist prepares geologic maps and cross sec­
tions showing the distribu tion and positions 
of the different kinds of rock both on the 
surface and underground. Some sedimentary 
rock formations may extend many m iles as 
aquifers having fa irly uniform permeability. 
Other formations may be cracked and broken 
and contain openings large enough to carry 
water. Types and orientation of jo in ts or other 
fractures may be clues to useful amounts of 
ground water. The rocks may be so folded 
and displaced, however, that they can be 
traced underground only w ith difficu lty.
Next, the hydrologist obtains information 

on the wells in the target area— the ir loca­
tions, depth to water, amount of water 
pumped, and kinds of rocks they penetrate. 
This information is then processed and 
analyzed.
If there are no wells in the area, or if not 

enough information is available on the ones 
that are there, the hydrologist may contract 
with a well d rille r to drill some test wells, 
which he w ill use in pumping or aqu ife r tests. 
These tests w ill help to determ ine the amount 
of water moving through the aquifer, the 
volume of water that can enter a well, and the 
effects of pumping on water levels in the 
area, Because water quality is as im portan t as 
water quantity, the hydro log ist w ill take 
samples of water from different wells and 
samples of the rocks through which the water 
flows and have them chem ica lly analyzed.
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underground, but it is only w ith in recent 
decades tha t hydrologists, geologists, and 
engineers have learned to estimate just how 
much and have begun to document its vast 
potentia l fo r use.
One m illion cub ic miles of the w o rld ’s 

ground water is estimated to be stored w ith in 
one-half m ile of the land surface. A lthough 
only a frac tion of th is reservo ir of ground 
water in storage can be prac ticab ly tapped 
and made available on a perennial basis 
through wells and springs, the amount of 
water stored underground is more than 30 
times larger than the volume in all the fresh­
wate r lakes (nearly 30,000 cubic miles) and 
more than 3,000 times larger than the esti­
mated volume of water (about 300 cub ic 
miles) in all the world 's streams at any given 
time.
A cco rd ing to water-resource specia lis ts of 

the U.S. Geolog ica l Survey, the United States 
was using about 415 b illion gallons of water a 
day in the m id-1970’s for pub lic supplies, 
commerce, industry, irriga tion , and other 
urban and rural uses. About 20 percent of th is 
water was water from wells and springs, and 
in several States the use of ground water 
equaled or exceeded the use of water from 
streams and lakes.

Comparison of ground-water use w ith tota l 
water use in the United States, 1975

Ground water
Ground-water (Percent of

Total use use total water
(Bgal/d)* (Bgal/d) use)

Pub lic supplies 29 1 1 37
Rural domestic
and livestock 5 4 80

Irriga tion 140 57 40
Industria l 241 1 1 4

TOTALS 415 83 2 0%
Source: Geological Survey Circular 765— Estimated use 

of water in the United States, 1975.
* billion gallons per day
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the pore. Thus, a well d rilled into water- 
saturated rocks w ill fill w ith water approx i­
mately to the level of the water table. If the 
well is pumped, gravity fo rces water to move 
from the saturated rocks into the well to 
replace the pumped water.
This leads to the question: W ill water be 

forced in fast enough under pumping fo r a 
continu ing water supply? A tigh t rock, such 
as clay or solid granite, having only a few 
hairline cracks may restric t movement of 
water to the well. Obviously, such a rock 
would be a poor water bearer. On the other 
hand, a rock having large openings w ill 
perm it water to move more freely, and such a 
rock would be a good water bearer. The 
amounts yielded to a well that jus tify calling a 
rock water bearing, an aquifer, may range 
from a few hundred gallons a day where a 
small domestic supply is needed, to as much 
as several m illion gallons a day where large 
supplies are needed lo r industry, agricu ltu re , 
or municipa lities.
The word aquife r comes from the two Latin 

words, aqua, or water, and ferre , to bear or 
carry. The aquifer lite ra lly carries water
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This water is called ground water. It is 
stored in, and moves slow ly through, moder­
ately to high ly permeable rock stra ta called 
aquifers and represents, in terms of instan­
taneous storage at any one time, the largest 
sing le source of fresh water ava ilab le to and 
commonly used by man.
G round-water reservoirs have been known 

to man for thousands of years. Scrip tu re 
(Genesis 7:11) on the B ib lica l Flood states 
that “ the founta ins of the great deep (were) 
broken up ," and Exodus, among its many 
references to water and to wells, refers (20:4) 
to “ water under the Earth.” Many other 
chronic les show that man has known from 
ancient times that much water is conta ined

3



90
(82;

80

(60)
(68)

CD

<n 50- (47)(0

0
1950 55

Increase in fresh ground-water utilization, 1950— 75

underground. The aquifer may be a layer of 
gravel or sand, a layer of sandstone or 
cavernous limestone, a rubbly zone between 
lava flows, or even a large body of massive 
rock, such as fractured granite, that has 
sizable openings.
An aqu ife r may be only a few or tens or 

hundreds of feet th ick. It may lie just below 
the surface or thousands of feet below. It 
may underlie a few acres or thousands of 
square miles. The Dakota Sandstone in the 
West, fo r example, carries water over great 
distances beneath many States (includ ing 
North Dakota, South Dakota, southeastern 
Montana and eastern Wyoming, eastern 
Colorado, Nebraska, Kansas, northeastern 
New Mexico, and northwestern Oklahoma). 
Many aquifers, however, are only local in 
extent (such as the deposits of permeable 
sand and gravel accumulated irregu la rly in 
the centra l and northeastern parts of the 
United States during and fo llow ing the G lacia l 
Period).
The quantity of water that a given rock can 

contain depends on the rock ’s poros ity— the 
tota l measure of the spaces among the grains 
or in cracks that can fill w ith water. If the 
grains of a sand or gravel aquifer are all 
about the same size, or "we ll sorted,”  as 
geologists say, the spaces between them 
account fo r a large proportion of the tota l
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potentiometric surface Is 
drawn down as shown
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recent volcanic activ ity and are fed by water 
heated by contact w ith hot rocks far below 
the surface. Such are the thermal springs in 
Yellowstone National Park. Even where there 
has been no recent vo lcan ic action, the rocks 
become warmer with increasing depth. In 
some such areas, water may migrate slow ly to 
considerable depth, warm ing as it descends 
closer to the heated regions deep in the 
Earth. If it then reaches a large crevice that 
offers a path of less resistance it can rise 
more qu ick ly than it descended. Such water 
does not have time to cool before it emerges, 
and a thermal spring results. The famous 
Warm Springs of Georgia and Hot Springs of 
Arkansas are of this type. Geysers are thermal 
springs that erupt in term itten tly and to 
varying heights, some of which are spectac­
ular and world famous, such as Old Faithful 
in Yellowstone National Park.

Q u a li ty  o f G ro u n d  W a te r

For the Nation as a whole, the chem ical 
and bio log ica l character of ground water is
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good. The qua lity of ground water in some 
parts of the country, however, particu la rly 
shallow ground water, is changing as a result 
of man’s activ ities. Ground water is usually 
more free of bacteria l contam ination than 
surface water because the soil and rocks 
through which ground water percolates 
screen out most of the bacteria. Bacteria, 
however, occasiona lly find their way into 
ground water, sometimes in dangerously high 
concentra tions. But freedom from bacteria l 
contam ination alone does not mean that the 
water is fit to drink. Many unseen dissolved 
m ineral and organ ic constituents are present 
in ground water in various concentrations. 
Most are harm less or even benefic ia l; though 
occurring infrequently, others are harmful, 
and a few may be high ly toxic.
Water is a solvent. Spring water may 

contain dissolved minerals and gases that 
give it the tangy taste enjoyed by many 

\ people. W ithout these m inerals and gases, 
the water would taste flat. The most common 
dissolved m ineral substances are calcium , 
magnesium, sodium , potassium , chloride, 
sulfa te , and bicarbonate. In natural water 
chemistry, these substances are called 
common constituents.
Water is not considered desirable for 

drink ing if the quantity of dissolved minerals 
exceeds 1,000 m illig rams per liter (m g/L ). 
Water with a few thousand m g /L of dissolved 
minerals is classed as sligh tly saline, but it is 
used routine ly in areas where less-m ineralized 
water is not available. Some well and spring 
water conta ins dissolved-m ineral constituents 
in even greater concentra tion and cannot be 
tolerated by human beings, plants, or animals. 
At depth, many parts of the country are 
underla in by high ly saline ground water which 
has only very lim ited uses.
In high concentra tions, certa in dissolved 

m ineral constituents can cause special 
troubles; fo r example, too much sodium in the 
water may be harm fu l to people who have 
heart trouble . Boron is a m ineral that is good
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and regularly on municipa l and industria l 
water supplies. Federal, State, and local 
agencies are taking steps to increase water- 
qua lity monitoring and have refined analytical 
techniques so that early warn ing can be 
given, and plans can be implemented to 
m itigate or prevent water-qua lity hazards.

A p p ra is in g  th e  N a t io n ’s 
G ro u n d -W a te r R e s o u rc e s

A w idespread popu lar notion is that the 
water tab le has progressive ly declined all 
over the country. A lthough there are sizable 
areas where ground water is being w ithdrawn 
at rates causing water levels to decline 
persistently, as in parts of the dry Southwest, 
th is is not true throughou t the country. For 
the Nation as a whole, there is neither a 
pronounced downward nor upward trend. 
Water levels rise in wet periods and decline 
in dry periods. In areas tha t are not “ over­
pumped,”  particu la rly in the hum id centra l 
and eastern parts of the country, water levels 
average about the same as they did in the 
past.

Aqu ife rs are recharged by rain or snowmett 
perco la ting downward or by seepage from 
overly ing lakes or streams. An area of 
recharge, where ra inwater or seepage enters 
the aquifer, may be nearby or many m iles 
from wells or springs. Natural re filling of 
ground-wate r reservoirs at depth is a slow 
process because ground water moves slow ly 
through aquifers. It has been estimated, fo r 
example, tha t if the ground-water reservoir 
of the High Plains of Texas and New Mexico, 
an area of s ligh t prec ip ita tion , was emptied 
and all pumping was to cease, it would take 
centuries to re fill at the present estimated 
small rate of recharge. In contrast, a shallow 
aqu ife r that is in an area of heavier p rec ip ita ­
tion or one in d irec t contact w ith streams 
and lakes and receivin . ater from them may 
be recharged rapid ly.



and regu larly on municipa l and industria l 
water supplies. Federal, State, and local 
agencies are taking steps to increase water- 
qua lity monitoring and have refined analytica l 
techniques so that early warning can be 
given, and plans can be implemented to 
m itigate or prevent water-qua lity hazards.

A p p ra is in g  th e  N a t io n ’s 
G ro u n d -W a te r R e s o u rc e s

A widespread popu lar notion is that the 
water table has progressively declined all 
over the country. Although there are sizable 
areas where ground water is being w ithdrawn 
at rates causing water levels to decline 
persistently, as in parts of the dry Southwest, 
this is not true throughout the country. For ‘ 
the Nation as a whole, there is neither a < 
pronounced downward nor upward trend.
Water levels rise in wet periods and decline < 
in dry periods. In areas that are not "ove r- 
pumped," particu la rly in the humid central 
and eastern parts of the country, water levels 
average about the same as they did in the 
past.

Aquifers are recharged by rain or snowmeft 
perco la ting downward or by seepage from 
overlying lakes or streams. An area of 
recharge, where ra inwater or seepage enters 
the aquifer, may be nearby or many miles 
from wells or springs. Natural refilling of 
ground-water reservoirs at depth is a slow 
process because ground water moves slow ly 
through aquifers. It has been estimated, fo r 
example, that if the ground-water reservoir 
of the High Plains of Texas and New Mexico, 
an area of s ligh t precip ita tion , was emptied 
and all pumping was to cease, it would take 
centuries o re fill at the present estimated 
small rate of recharge. In contrast, a shallow 
aquifer that is in an area of heavier prec ip ita ­
tion or one in d irec t contact w ith streams 
and lakes and receiving water from them may 
be recharged rapid ly.
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good. The quality of ground water in some 
parts of the country, however, particu la rly 
shallow ground water, is changing as a result 
of man’s activ ities. Ground water is usually 
more free of bacteria l contam ination than 
surface water because the soil and rocks 
through which ground water percolates 
screen out most of the bacteria. Bacteria, 
however, occasionally find the ir way into 
ground water, sometimes in dangerously high 
concentrations. But freedom from bacteria l 
contam ination alone does not mean that the 
water is fit to drink. Many unseen dissolved 
mineral and organic constituents are present 
in ground water in various concentrations. 
Most are harmless or even benefic ia l; though 
occurring infrequently, others are harm ful, 
and a few may be highly toxic, 

s ' Water is a solvent. Spring water may 
^  contain dissolved minerals and gases that 
\  give it the tangy taste enjoyed by many 

people. W ithout these minerals and gases, 
the water would taste flat. The most common 
dissolved mineral substances are calcium , 
magnesium, sodium , potassium , chloride, 
•sulfate, and bicarbonate. In natural water 
chemistry, these substances are called 
common constituents.
Water is not considered desirab le for 

drink ing if the quantity of dissolved m inerals 
exceeds 1,000 m illig rams per lite r (m g /L ). 
Water w ith a few thousand m g /L of dissolved 
minerals is classed as sligh tly saline, but it is 
used routine ly in areas where less-m ineralized 
water is not available. Some well and spring 
water conta ins dissolved-m ineral constituents 
in even greater concentra tion and cannot be 
to lerated by human beings, plants, or animals. 
At depth, many parts of the country are 
underla in by high ly saline ground water which 
has only very lim ited uses.
In high concentrations, certa in dissolved 

m ineral constituents can cause special 
troubles; fo r example, too much sodium in the 
water may be harmful to people who have 
heart trouble. Boron is a mineral that is good
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Ground-water reservoirs can be recharged 
artific ia lly . For example, considerable ground 
water used for a ir cond ition ing is returned to 
aquifers through recharge wells on Long 
Island, N.Y. G round-water reservoirs may be 
recharged in two main ways: one way is to 
spread water over the land in pits, furrows, or 
ditches, or to erect small dams in stream 
channels to detain and deflect surface runoff, 
thereby allow ing it to infiltra te to the ground­
water reservoir: the other way is to in ject 
water d irectly into recharge wells constructed 
fo r the purpose as simulated above by a man 
pouring water into a well. The latter is a more 
expensive method but may be justified where 
the spreading method is not feasible.
A lthough some artific ia l-recharge pro jects 
have been successfu l, many have been 
disappoin ting, and there is s till much to be 
learned about d iffe ren t ground-water environ­
ments and the ir receptiv ity to artific ia l- 
recharge practices.

One of the major responsib ilities of the 
U.S. Geological Survey is to assess the 
quantity and qua lity of the Nation’s water
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The hydro log is t’s report, w ith its geo log ic 
and hydro log ic maps, w ill show where water 
can be found, its chem ical composition, how 
it moves underground, and, in a general way, 
how much is available. A lthough described 
simply, this is the sc ien tific approach used by 
the U.S. Geological Survey, State resource 
agencies, and consulting engineers, hydrolo- 
gists, and hydrogeologists in studying 
ground-water resources.
In the past, locating ground-water supplies 

was the main problem facing hydro log ists and 
well drille rs . Now, w ith years of experience 
and a large information base available, 
find ing water is no longer the main problem ; 
evaluating the ground-water resource in 
developed areas and prudent management of 
the resource, once it is found, and pro tection 
of its qua lity are the current problems. Thus, 
pred ic tion of the capacity of the ground-water 
lesource fo r long-term pumpage, the effects 
o f that pumpage, and evaluation of water- 
qua lity cond itions are among the princ ipa l 
aims of modern-day hydro log ic prac tice in 
achieving proper management of ground water.
G round water, presently a major source of 

water, is also the Nation 's princ ipa l reserve 
source of fresh water. Thus, every indiv idua l, 
well owner or not, has a stake in its w ise use. 
The pub lic w ill have to make decisions 
regarding water supp ly and waste disposal—  
decisions that w ill e ither affect the ground­
water resource or be affected by it. These 
decisions w ill be more jud ic ious and reliable 
if based upon know ledge of the princ ip les of 
ground-water occurrence. Even the simple 
facts conta ined in this leaflet can help people 
make w iser judgments about the use of our 
ground-water resource.

This publication Is one ol s series of general inlerasl publications 
prepared by the U.S. Geological Survey to provide information about 
the earth sciences, natural resources, and the environment. To obtain 
a catalog of additional titles In the series "Popular Publications of the 
U.S. Gaotogical Survey." write.
Eastern Distribution Branch, or Wostern Distribution BranchU.S. Geologic*1 " .-vey U.S. Geological Survey
604 South Pm-att Street Box 25286, Federal Canter
Alexandria, VA 22304 Denver, CO 80225
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W a t e r  in t h e  U r b a n  E n v i r o n m e n t :

E r o s i o n  a n d  

S e d i m e n t

by William J. Schne ider

W a te r : R e s o u rc e  a n d H a za rd

Water is both an urban resource and a 
potentia l hazard. As a resource, it supplies 
our da ily needs, sustains ou r industries, adds 
beauty to the landscape, and provides rec­
reational opportun ities . As a hazard, water 
can cause flood ing and accumulate po llu ­
tion. This leaflet discusses the problem of 
erosion and sediment.



Sediment— the mud and other so lids 
washed off the land surface— is one of the 
major po llu tan ts of our waterways. For every 
pound of munic ipa l and industria l waste 
dumped into our rivers, lakes, and streams, 
erosion usually adds several pounds of sed i­
ment. A lthough perhaps not as dangerous to 
health as waste pollu tion , sediment po llu tion 
is indeed costly. Each year we spend more 
than $125 m illion to dredge some 38 m illion 
cub ic yards o f sediment from our harbors and 
waterways— enough sediment to fill almost 2 
m illion ra ilroad cars. In add ition , we lose 
more than $ 1 0 0 m illion in reservo ir capacities 
each year from the deposition of stream- 
borne sediment. Added to th is are the less 
tang ib le losses from sediment damage to the 
water environment and to its recreationa l and 
esthetic qualities.

Sediment deposition can reduce a lake to mud flats,
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S e d im e n t : T h e S o u rc e s

The sed im ent i r  our streams and rivers is 
derived almost entire ly from the erosion of 
soil. A lthough rural and forest areas con­
tribu te some sediment to ou r waterways, by 
fa r the greatest source is from land under­
go ing urbanization. When exposed to ra in fa ll, 
earth la id bare during construction erodes 
easily and contribu tes sediment to our water­
ways at rates that may approach 2 0 , 0 0 0 to
40,000 times the erosion rate of farms and 
woodlands. Furthermore, such land common­
ly remains bare fo r as much as 3 months 
during construction of a sing le residence 
unit and fo r more than a year during con ­
s truc tion o f large housing and apartment 
developments. Hydro log is ts of the Geolog ica l 
Survey have documented the magnitude o f 
th is sed im ent problem , pa rticu la rly in the 
fas t-g row ing Washington, D.C. metropo litan 
area. The ir stud ies ind ica te clea rly the 
tremendous amounts o f sediment that can be 
eroded during construction :

Sediment also impairs recreational uses of our water 
resources.
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Erosion from bare soil during housing construction Is 
one of the sources of sediment.

• Lake Barcroft, in northern Virginia, originally 
served as a water-supply reservoir for the 
surrounding area. As encroachment Ly urban 
development forced its abandonment as a 
water-supply source, the lake became the 
focal point of high-priced suburban develop­
ment. The continued urban expansion re­
sulted in even greater accumulation of 
sediment from the construction and develop­
ment. Eventually more than 235,000 tons of 
sediment were deposited in the lake; that is 
more than 40 tons of silt for every acre under 
development in the basin. During 1961 and 
1962, when construction in the basin was at 
its peak, residents of the area spent more 
than $200,000 to dredge sediment from the 
lake in order to maintain its recreational and 
esthetic qualities.

• In Montgomery County, Md., Geological 
Survey hydrologists have determined erosion 
and sediment production rates at an actual 
construction site. Here, more than 3,800 tons 
of soil were eroded during construction of
89 houses on a 20-acre site. This amount of 
erosion is equivalent to the removal of 1% 
inches of soil over the entire area. A single 
storm on August 4, 1960, removed more than 
256 tons of soil in less than 2 hours.
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Erosion from highway construction also contributes 
significant sediment loads.

• Highway construction— another form of 
urban developi ent— also contributes huge 
sediment loads to our waterways. In the Scott 
Run watershed in Fairfax County, Va., over
69.000 tons of sediment were eroded from 
the land laid bare during highway construc­
tion. More than half the sediment, some
37.000 tons, was carried by Scott Run to the 
Potomac River, where it contributed to 
siltation of the estuary in the Washington,
D.C. area. Although the area of highway con­
struction covered only 11 percent of the land 
area in the basin, it contributed 94 percent of 
the total sediment load carried by Scott Run 
to the Potomac River during the 3 -/ear 
construction period.

E ro s io n : Its C o n tro l

How can this erosion and sedimentation be 
contro lled? The easiest way to prevent sedi­
ment problems in streams and rivers is to 
contro l the erosion at its source. By inh ib iting 
or preventing the erosion of soil during con­
struction, production of sediment is restricted.
Numerous techn iques can be used fo r 

contro lling the erosion and sedimentation 
caused by urban development. They range 
from selecting the proper season fo r con­
struction to the build ing of engineering
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W A T E R
O F  T H E  W O R L D

by Raymond L. Nace

DISTRIBUTION OF MAN'S LIOUID ASSETS 
!S A CLUE TO FUTURE CONTROL

M o s t p eo p le  k n o w  th a t  w a te r  is  u n e v e n ly  
d is tr ib u te d  o v e r th e  E a r t h ’s s u rfa c e  in  oceans, 
r iv e rs , a n d  la k e s , b u t fe w  re a liz e  h o w  v e ry  un even  
th e  d is tr ib u tio n  a c tu a lly  is. I t  is  in s tru c t iv e  to 
c o n s id er th e  to ta l in v e n to ry  o f w a te r  on  th e  p la n e t  
E a r th ,  th e  a re a s  w h e re  th e  w a te r  occurs, a n d  th e  
lo n g -te rm  s ig n ific a n c e  o f  th e  fin d in g s .

T h e  w o r ld  ocean — 139 m il lio n  s q u a re  m ile s  o f  
it— c o n ta in s  3 17  m ill io n  cubic  m ile s  o f  s a ltw a te r .  
T h e  a v e ra g e  d e p th  o f  th e  ocean b a s ir s  is a b o u t 
12,500  fee t. I f  th e  b a s in s  w ere  s h a llo w , seas w o u ld  
s p read  fa r  o n to  th e  c o n tin e n ts , a n d  d ry  la n d  a reas  
w o u ld  c o n s is t  c h ie f ly  o f  a  fe w  m a jo r  
a rc h ip e la g o e s — h ig h  m o u n ta in  ra n g e s  p ro je c tin g  
a b o ve  th e  sea.

C o n s id e re d  as a  c o n tin u o u s  bo dy  o f  flu id , th e  
a tm o s p h e re  is  a n o th e r  k in d  o f  ocean. Y e t, in  v ie w  
o f th e  to ta l a m o u n t o f  p re c ip ita tio n  on la n d  a reas  
in  th e  course  o f  a  y e a r , one o f th e  m o st a s to n is h in g  
w o rld  w a te r  fa c ts  is  th e  v e ry  s m a ll a m o u n t o f 
w a te r  in  th e  a tm o s p h e re  a t  a n y  g iv e n  tim e . T h e  
v o lu m e  o f  th e  lo w e r 7 m ile s  o f th e  a tm o s p h e re — the  
re a lm  o f  w e a th e r  p h e n o m e n a — is ro u g h ly  fo u r  
tim e s  th e  v o lu m e  o f  th e  w o rld  ocean. B u t, th e  
a tm o s p h e re  c o n ta in s  o n ly  a b o u t 3 ,100  cu b ic  m iles  
o f w a te r , c h ie f ly  in  th e  fo rm  o f in v is ib le  v ap o r, 
som e o f w h ic h  is  tra n s p o rte d  o v e r la n d  b y  a ir  
c u rren ts . I f  a l l  v a p o r  w ere  s u d d e n ly  p re c ip ita te d  
fro m  th e  a i r  o n to  th e  E a r t h ’s s u rfac e  i t  w o u ld  fo rm  
a la y e r  o n ly  a b o u t 1 in c h  th ic k . A  h e a v y  ra in s to rm  
on a  g iv e n  a re a  m a y  rem o ve  o n ly  a  s m a ll 
p e rc e n ta g e  o f  th e  w a te r  fro m  th e  a irm a s s  th a t  
passes over. H o w , th e n , can  som e la n d  a reas
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receive, as they do, more than  400 inches of 
precipitation per year? How can several inches of 
rain fall during a single storm in a few minutes or 
hours? The answ er is tha t rain-yielding airm asses 
are in motion, and as t> '  water-depleted airm oves 
on, new m oisture-ladt .ir takes its place above 
the area of precipitation.

The source cf most atm ospheric w ater is the 
ocean from which it is derived by evaporation. 
Evaporation, vapor transport, and  precipitation 
constitute a major arc of the hydrologic cycle—the 
continuous movement of w ater from ocean to 
atmosphere to land and back to the sea. Rivers 
return water to the sea along one chord of the arc. 
In a subterranean arc of the cycle, underground 
bodies of w ater discharge some w ater directly into 
rivers and some directly into the sea.

Estim ated average annual evaporation from the 
world ocean is roughly 39 inches. The con­
terminous United S tates receives an average of 30 
inches of precipitation every year, or about 1,430 
cubic miles in total volume. Evapotranspiration 
returns approxim ately 21 inches of this w ater to 
the atmosphere (about 1,000 cubic miles). Obvious­
ly, some rain is w ater th a t was vaporized from the 
land areas and is being reprecipitated. Evidently 
the global hydrologic cycle, which sends water 
from sea-to-air-to-land areas and back to the sea 
again, has short circuits. These are called subcy­
cles.

There are m any complexities and variations in 
the fate of w ater th a t falls as rain  or snow. For 
example, high in the central Rocky M ountains of 
N orth America, the Yellowstone River heads in 
Yeliowstone N ational Park  just east of the 
Continental Divide. The river w ater discharges 
through the Missouri and M ississippi Rivers into 
the Gulf of Mexico about 1,600 airline miles d istant 
from the head.

On the west side of the C ontinental Divide, not 
far from the Yellowstone, rises the Snake River 
which flows across Idaho to join the Columbia 
near Pasco, W ashington. Its water eventually 
reaches the Pacific Ocean about 700 airline miles 
from the source and about 2,200 miles from the 
mouth of the Mississippi.
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All water comes from the ocean and is returned to i 
continuous hydrologic cycle.

This is a good example of the continuous m 
and transfer of w ater in the hydrologic cycl 
airm ass moving eastw ard across the F 
M ountains contains w ater evaporated fror 
Pacific Ocean. Some of the w ater falls as re 
snow to the west and some to the east c 
C ontinental Divide. Thus, two drops of rain ft 
side by side along the continental backbone
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end up, one in the Pacific, the other in the Atlantic 
Ocean, although both were derived from the 
Pacific.
No one knows how much water moves from the 

Pacific to the Atlantic Ocean by vapor transfer, 
precipitation, and runoff, but we do know a great 
deal about runoff itself. Estimated total flow into 
the sea from rivers in the 48 adjacent States takes 
place at the rate of about 1,803,000 cubic feet per 
second (a cubic foot is about 7.48 gallons), which 
amounts to approximately 390 cubic miles per
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year. Values for runoff (390 cubic miles) plus 
evaporation (1,000 cubic miles) do not quite equal 
the precipitation (1,430 cubic miles) because none 
of these values is precise. Moreover, some water is 
discharged into the sea directly from ground-water 
sources without passing through streams. The 
missing 40 cubic miles of water, roughly 10 percent 
of the value for streamflow, might represent direct 
ground-water discharge.
Hydrologists have not generally considered that 

direct ground-water outflow to the sea is so large, 
but there is really no good basis that can be used to 
dispute or support what the computations seem to 
indicate. At any rate, the data are sufficiently 
accurate for the present purpose which is to show 
the relative magnitude of water volumes involved 
in the annual water cycle.
Some more specific data give a good idea of the 

relative importance of large and small rivers in 
maintaining continental water balances.
The Mississippi, North America’s largest river, 

has a drainage area of 1,243,000 square miles 
(about 40 percent of the total area of the 48 
conterminous States) and discharges at an aver-
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ate of 620,000 cubic feet per second. This 
nts to some 133 cubic miles per year, or 
ximately 34 percent of the t<, tal discharge 
all the rivers of the United States. 
Columbia, nearest American competitor of 
lississippi, discharges less than 75 cubic 
per year. Relatively speaking, the great 
ado River is a dwarf, discharging only about 
c miles annually.
the other hand, the Amazon, the largest river 
> world, is nearly 10 times the size of the 
asippi. It discharges about 4 cubic miles per 
nd some 1,300 cubic miles per year— about 
times the flow of all United States rivers, 
ca’s great Congo River, with a discharge of 
ximately 340 cubic miles per year, is the 
's second largest. The estimated annual 
irge of all African rivers is about 510 cubic

.surements of only the few principal streams 
continent afford a basis for reasonably 
ite estimation of the total runoff item in a 
ental water balance. The small streams are

oulee Oam on the Columbia River. Franklin D. Roosevelt



important locally, but they contribute only minor 
amounts of the total water discharged. Thur it is 
possible to estimate the total runoff of all the rivers 
of the world, even though many of them have- not 
been measured accurately. Sixty-six principal 
rivers of the world discharge about 3,720 cubic 
miles of water yearly. The estimated total from all 
rivers, large and small, measured and unmeas­
ured, is about 9,200 cubic miles yearly (25 cubic 
miles daily).
Crude estimates have indicated that the total 

amount of water that is physically present in 
stream channels throughout the world at a given 
moment is about 300 cubic miles. Evidently, river 
channels on he average contain only enough 
water to maintain their How for about 2 weeks. 
Some have much more water, others much less, but 
it seems to be a fair average. How, then, do rivers 
maintain a How throughout the year, even during 
rainless periods much longer than 2 weeks? The 
answer to that question will appear later in the 
discussion of ground water.
After oceans and rivers come lakes, which can be 

called wide places in rivers. This is certainly true of 
the many small lakes that are impounded by 
relatively minor and geologically temporary 
obstructions across river channels. Rut no single 
oversimplified metaphor accurately describes all 
lakes, which are widely varied in their physical 
characteristics and the geologic circumstances 
under which they occur. The handsome little tarn 
occupying an ice-scooped basin in a glaciated 
alpine area is radically different from the deep and 
limpid Crater Lake of Oregon, which fills the 
crater of a now-extinct volcano. Lake Okeechobee 
in Florida is totally different from any of the North 
American Great Lakes, which occupy huge basins 
formed in a complex manner by glacial excavation 
at some places, moraine and outwash deposition at 
others, isostatic subsidence of that whole region of 
the Earth’s crust, and other factors. The Great 
Lakes of North America, in turn, bear no resem­
blance to Lake Tanganyika in the great Rift 
Valley of Africa. Processes that are poorly under­
stood created the rift by literally pulling two 
sections of the Earth’s crust apart, leaving a deep, 
open gash part of which is occupied by the lake. 
And these are only a few examples of wide
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variations in the nature of lakes.
The Earth’s land areas are dotted with hundreds 

of thousands of lakes. Wisconsin, Minnesota, and 
P’inland contain some tens of thousands each. 
But these lakes, important though they may be 
locally, hold only a minor amount of the world 
supply of fresh surface water, most of which is 
contained in a relatively few large lakes on three 
continents.
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Whether a lake contains freshwater or saltwater 
makes a considerable difference in its usefulness to 
man, so the Earth’s greatest lakes are considered 
in both of the categories, fresh and salt.
The volume of all the large freshwater lakes in 

the world aggregates nearly 30,000 cubic miles, 
and their combined surface area is about 330,000 
square miles. “Large” is a relative term that re­
quires explanation. For this article, a lake is called 
large if its contents are 5 cubic miles or more.
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Thus the listing includes Dubawnt Lake, Canada 
(about 6 cubic miles), but excludes the Ziirichsee of 
Switzerland (about 1 cubic mile). The range of 
volume among the large lakes is enormous, from a 
lower limit of 5 cubic miles to an upper one of 6,300 
cubic miles in Lake Baikal in Asiatic Russia, the 
largest and deepest single body of freshwater in 
existence. Some appreciation of its volume may be 
gained from the realization that Lake Baikal alone 
contains nearly 300 cubic miles more water than 
the combined contents of the five North American 
Great Lakes. The Great Lakes loom large on a 
map, but their average depth is considerably less 
than that of Baikal.
Nevertheless, North American lakes are a major 

element in the Earth’s water balance. The Great 
Lakes, plus other large lakes in North America 
(chiefly in the 48 States and Canada) contain 
about 7,800 cubic miles of water— 26 percent of all 
liquid, fresh, surface water in existence.
Similarly, the large lakes of Africa contain 8,700 

cubic miles, or nearly 29 percent of the total 
freshwater supply. Asia’s large lakes contain 
about 6,400 cubic miles, or 21 percent of the total, 
nearly all of which is in Lake Baikal.
Lakes on these three continents account for 

roughly 75 percent of the world’s fresh surface 
water. Large lakes on other continents— Europe, 
South America, and Australia— have only about 
720 cubic miles, or roughly 2 percent of the total. 
All that remains to fill the hundreds of thousands 
of rivers and lesser lakes that are found through­
out the world is less than one-fourth of the total 
fresh surface water.
Saline lakes are equivalent in magnitude to 

freshwater lakes. Their total area is 270,000 square 
miles and their total volume is about 25,000 cubic 
miles. The distribution, however, is quite different. 
About 19,240 cubic miles (75 percent of the total 
saline volume) is in the Caspian Sea, and most of 
the remainder is in Asia. North America’s shallow 
Great Salt Lake is comparatively insignificant 
with 7 cubic miles.
All these water sources we have discussed are 

the obvious ones. There is another— soil 
moisture— that may be the most significant 
segment of the world’s water supply because of the 
key role played by plants in the food chain. Some
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Laguna de Cotacatani, a morainal-dammed lake, in the Andean 
region of northern Chile.

plants grow directly in water or marshy ground, 
but by far the greater mass of vegetation on Earth 
lives on “dry” land. This is possible because the 
land is really dry at just a few places, and often 
only temporarily. How dry is dust? The dust of a 
dry dirt road may contain up to 15 percent of water 
by weight. However, plants cannot grow and flour­
ish with so little water because the soil holds small 
percentages of moisture so tenaciously that plant 
roots cannot extract it. Aside from desert plants, 
which store water in their own tissues during 
infrequent wet periods, land plants flourish only 
where there is extractable water in the soil. 
Inasmuch as a quite ordinary tree may withdraw
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and transpire about 50 gallons of water per day, 
frequent renewals of soil moisture, either by rain or 
by irrigation, are essential. The average amount of 
water held as soil moisture at any given time is on 
the order of 6,000 cubic miles for the world as a 
whole— an insignificant percentage of the Earth’s 
total water, but vital to life. Relatively little 
vegetation receives artificial irrigation, and prac- 
ticallv all of it depends on natural soil moisture, 
which, in turn, depends on orderly and timely 
operation of the hydrologic cycle.

Another little-considered water reservoir has 
been known to man for thousands of years. 
Scripture (Genesis 7:11) on the Noachian Deluge 
states that “the fountains of the great deep (were) 
broken up,” and Exodus, among its many refer­
ences to water and to wells, refers (20:4) to “water 
under the earth.” Many other chronicles show that 
man has known from ancient times that there is 
much water underground. Only recently has he 
begun to appreciate how much.
Beneath most land areas of the world there is a 

zone where the pores of rocks and sediments are 
completely saturated with water. Hydrologists call 
this ground water, and the upper limit of the 
saturated zone is called the water table. The water 
table may be right at the land surface, as in a 
marsh, or it may lie hundreds of feet below the land 
surface, as in some arid areas. Water in the 
unsaturated zone above the water table is called 
vadose water and includes the belt of soil moisture. 
Water in the intermediate part of this zone has 
passed through the soil and is percolating down­
ward toward the water table.
The world volume of that part of the vadose 

water below the belt of soil moisture is probably 
somewhat more than that of soil moisture— say
10,000 cubic miles. It is highly important because, 
although it is not extractable by man, it is 
potential ground-water recharge, and ground 
water is extractable. Each influx of water from 
precipitation on the land surface, followed by 
percolation through the soil, provides an incre­
ment of recharge to the ground water.
Below the water table, to a depth of half a mile in 

land areas of the Earth’s crust, there is about 1 
million cubic miles of ground water. An equal if not
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Relation oi the water table to saturated and unsaturated zones.

greater amount is present at a greater depth down 
to some 10.000 to 15,000 feet, but this deeper water 
circulates sluggishly because the r^cks are only 
slightly permeable. Much of the deep-lying water 
is not economically recoverable for human use, 
and a good deal of it is strongly mineralized.

Ground water flows through moderately to 
highly permeable strata, which are called aqui­
fers, at rates of a few inches to perhaps several 
hundred feet per day; 40 to 50 feet per day would be 
a rather high rate of flow.
Depending on how far the ground water must 

travei to reach a surface discharge area, water in 
shallow to moderately deep zones may remain 
underground from a few hours to 100 years or 
longer. Water at great depth may take tens or 
hundreds of thousands of years to pass through an 
aquifer, and some is completely stagnant.
The volume of ground water in the upper half 

mile of the continental crust probably is about
3,000 times greater than the volume of water in 
all rivers at any one time, and nearly 20 times 
greater than the cumbined volume of water in all 
rivers and lakes. It is easy to see, therefore, that 
ground-water reservoirs have tremendous im­
portance as equalizers of streamflow. Under 
natural conditions, most ground-water reservoirs 
are full to overflowing, and the overflow water 
provides what is called the base flow of surface 
streams enabling them to flow even during long, 
rainiest periods and after winter snows have 
melted.
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According to calcula­
tions, the volume of 
ground water in storage 
in the United States to a 
depth of half a mile is 
equivalent to the total of 
all recharge during the 
last 150 years. This esti­
mate is crude, but it helps 
to emphasize the import­
ant fact that ground­
water reserves, although 
immense, are not wholly 
self-renewing annually.
At places where they 
have been depleted by 
pumpage, they might 
take many decades to 
recover even if pumping 
were stopped completely.

Consider, for example, a location in the dr 
Southwestern United States where annual r< 
charge to an aquifer is only t\ o-tenths of an inc 
of water. In such areas, it is not uncommon t 
pump 2 feet, or more of water per year for irrigatio 
or other uses. In this over-simplified example, 
the entire aquifer were pumped at that rate, yearl 
pumpage would be equivalent to 120 year, 
recharge, and 10 years of pumping would remove 
1,200-year accumulation of water. Recharge du 
ing the pumping period would be negligible 
Mechanics' problems and economic factors woul 
prevent complete emptying of an aquifer, but th 
example is valid in principle.
The next big items on the water-balance shec 

are icecaps and glaciers. They may seem unin: 
portant in the water cycle because, although th 
ice masses alternately shrink or grow a little fror 
time to time, new ice is added about as fast as ol 
ice melts. The polar ice masses, however, have 
great influence on weather, and everything the 
happens in the polar regions indirectly affect 
everyone throughout the wc Id ( N A TURAL HIS 
TORY, October 1963). Moreover, if a shift i 
climate led to extensive melting of icecaps, ther 
would be a rise in sea level with important effect
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Vast expanse of the Antarctic ice sheet, shown in relief model, 
represents 85 percent of all the ice in the world.

in all low-lying coastal areas.
Mountain glaciers, such as those of the Alps in 

Europe (after which alpine glaciers are named), 
the Himalayas of Asia, and the Cascades of 
North America, are like average rivers in some 
respects. They are important locally, but they 
contain an insignificant fraction of the world’s 
water. The total volume of all alpine glaciers and 
small icecaps in the world is only about 50,000 
cubic miles (comparable to the combined volume of 
large saline and fresh lakes).

An alpine glacier is one that rises in mountain­
ous uplands and, by plastic deformation, flows 
along a valley. A  continental glacier, or icecap, is 
one that is plastered over the landscape, moun­
tain and valley alike. Icecaps tend to flow 
radially outward from their center of accumula­
tion. Wastage occurs by sublimation from the 
surface and by melting or caving away around 
the periphery. Average icecaps, like those on 
Novaya Zemlya, Iceland, and Ellesmere Land, 
are analogous to average lakes. They are locally 
important, but hold an insignificant share of the 
world’s water and only a small part of the total 
volume of perennial ice.
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The Greenland icecap is an entirely different 
matter. About 667,000 square miles in area and 
averaging nearly 5,000 feet in thickness, its total 
volume is about 630,000 cubic miles. If melted, it 
would yield enough water to maintain the Mis­
sissippi River for somewhat more than 4,700 years. 
Even so, this is less than 10 percent of the total 
volume of icecaps and glaciers. The greatest single 
item in the water budget of the world, aside from 
the ocean itself, is the Antarctic ice sheet.

Since the advent of the International Geophysi­
cal Year, 1957, considerable information has been 
accumulated about Antarctica. Data on the 
thickness of the ice sheet are relatively scarce, but 
there is enough information to permit an approxi­
mate estimate. The area of the ice sheet is about 6 
million square miles, and the total volume, 
therefore, is between 6 and 7 million cubic miles, or 
some 85 percent of all existing ice and about 64 
nercent of all water outside the oceans.
The hydrologic importance of the continent and 

its ice may be illustrated briefly. If the Antarctic 
icecap were melted ai a suitable uniform rate it 
could feed:
1. The Mississippi River for more than 50,000 

years;
2. All rivers in the United States for about



17,000 years;
3. The Amazon River for approximately 5,000 

years; or
4. All the rivers in the world for about 750 years.
The statistics about water given here are rather

simple, but they are sufficiently important to 
tabulate in order to get them more clearly in mind. 
The table on pages 10 and 11 gives a comparative 
view of the world’s water.
About 97 percent of all water in the world is in 

the oceans. Most of the remainder is frozen on 
Antarctica and Greenland. Thus, man must get 
along with the less than 1 percent of the world’s 
water that is directly available for freshwater use. 
Obviously, he must find much more effective ways 
of managing if he is to prosper.
Water is a global concern. The water cycle 

recognizes no national boundaries. M a n  has 
become so numerous and his activities so exten­
sive that he has begun to affect the water cycle—  
certainly on a regional scale and very likely on a 
global scale. To learn more about the world’s water 
and how to use it, many countries have joined 
together in a program— the International Hydro­
logic Decade— aimed at overcoming on a global 
scale the now-existing critical deficiency in hydro­
logical knowledge.



As the Nation's principal conserv 
agency, the Department of tho Interio 
responsibility for most of our nation; 
owned public lands and natural rosou 
This includes fostering the wisest US' 
our land and water resources, protec 

our fish and wild life, preserving tho environmental 
cultural values of our national parks and historical 
places, and providing for the enjoyment of life thro 
outdoor recreation. Tl e Department assesses our 
energy and mineral resources and works to assure 
their development is in the best interests of all 01 
people. The Department also has a major responsi 
for American Indian reservation communities and * 
people who live in Island Territories under U.S. 
administration.

ttU .S GOVERNMENT PRINTING OFFICE: 1982 -3 61 -6 18 /2



works, from temporary procedures to perma­
nent insta lla tions. Basically, these tech ­
niques are aimed at (1 ) reducing the area 
and duration of exposure of soils to erosion, 
(2 ) covering exposed soils w ith mulch or 
vegetation, (3) mechanica lly retard ing the 
rates of storm runoff, (4) trapping the sed i­
ment carried by the storm runoff, and (5) 
planning land-clearing operations to co in ­
c ide w ith periods of m inimum rain fa ll.
Reduction o f the area and dura tion of ex­

posure of bare soils is fundamenta lly a plan­
ning process. Proper planning can insure that 
large areas are not cleared of cover and left 
bare fo r extended periods o f time. Land 
cleared fo r highway construction and hous­
ing subdiv is ions commonly lies exposed to 
intensified erosion from one construction 
season to the next. Ideally, only short sec­
tions o f highway or ind iv idua l lots should be

Sediment traps can be used on land undergoing 
construction to inhibit the movement of sediment to 
streams.
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cleared, developed, and then rap id ly p ro ­
vided with erosion-re ta rd ing cover. Eco­
nom ica lly th is is not always feasib le; clearing 
of la rge areas must be done while equipment 
is ava ilab le and at the site. Proper planning, 
however, can m inim ize the time during which 
the cleared land is exposed to the erosional 
effects of storm runoff.
During the construction period fo llow ing 

the grad ing of the land, erosion can be in­
h ib ited by mulch ing or by planting temporary 
vegetative cover. Natural and artific ia l 
mulches, such as straw and plastic-based 
sprays, are both in use. Straw, o r other s im i­
lar materia l, provides a ground cover that 
breaks the fo rce of the fa lling rain and thus 
pro tects the underly ing soil. Plastic and 
chem ica l sprays and soil additives bind to ­
gether the soil partic les, making them more 
rosistan t to the erosional fo rce of the rain. 
Temporary seeding with grass improves 
appearance and provides pro tection from the 
erosiona l fo rce of the rainfa ll.

Hydro-mulching prevents erosion of bare soli.
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Sediment traps fill rapidly with sediment during periods 
of construction.

Temporary sediment traps can be con­
structed . These are essentia lly small reser­
vo irs tha t detain the sediment-laden runoff at 
the construc tion site and perm it the coarser 
sizes of eroded soil to settle out behind the 
dam, rather than move into the streams and 
rivers. Such sediment traps genera lly are 
tem porary measures, insta lled during clea r­
ing of the land and mainta ined during con­
s truc tion . Usually they are elim ina ted during 
the final grad ing and landscaping when the ir 
usefulness in re tard ing sediment has 
dim in ished.
Ano the r approach to con tro lling erosion 

and sediment production is the development 
of zoning based upon potentia l e rod ib ility of 
the landscape. By cons idering land slope, 
soil characte ris tics , ra in fa li ii.tensities, and 
other factors, regional planning can make 
density of development commensurate with 
accep tab le sediment levels.

9



E r o s i o n  a n d  S e d i m e n t :

A  L o c a l R e s p o n s ib il i ty

Preventing erosion is basica lly a local 
respons ib ility . Many local governments now 
have ordinances or zoning regula tions re­
qu iring adequate contro ls over sediment pro­
duction during construc tion . The experiences 
of Montgomery County, Md., in the Washing­
ton metropolitan area, are typ ica l. In the 
early-to -m id 1960’s, Montgomery County 
began to feel the impact of burgeoning 
urban growth. In 1965, aware of the problems 
caused by the excess sediment produced 
during urbanization, the Montgomery County 
Council adopted a resolution so lic iting vo lun­
tary cooperation of the construction industry. 
Experience, however, ind ica ted the need fo r 
improved compliance if sediment loads of 
streams were indeed to be reduced. Thus, in 
1967, the voluntary po licy became mandatory 
when zoning regulations were adopted re­
qu iring erosion and sediment contro l 
procedures as part of construction activ ities.
Erosion and sediment con tro l measures do 

add to the cost of construction, but in the 
long run th is cost may be considerab ly less 
than the potentia l damage to streams and 
rivers from excessive sediment. By fa r the

10



Proper land-use planning not only reduces sediment, 
but can provide esthetic benefits as well.

most econom ica l and effective sediment con­
tro l measure is carefu l planning to m inim ize 
disturbance of the natural ground cover over 
the shortest period o f time.

* * *

For add itiona l in formation:
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How Much Water 
in a 12-ounce Can?
A  P e r s p e c t i v e  o n  W a t e r - U s e  I n f o r m a t i o n

U.S. Department of the Interior/Geological Survey



H o w  M u c h  W a f e r  

i n  a  1 2 - o u n c e  C a n ?
A P e r s p e c t i v e  on W a t e r - U s e  i n f o r m a t i o n

by I. C. James II, J. C. Kammerer, and C. R. Murray

A pint a day, 
is all I say,

to keep my whistle wet.
But so much more,

I have to pour,
before my table's set!

B. L. Anon.

W a t e r  U se a n d  I ts 
V a r i a t i o n s

On a hot afternoon after mowing 
the lawn, or after return ing home 
from a round of golf, or when just 
resting from your da ily toil, have 
you ever gone to the refrigera tor to 
satisfy your th irst w ith a 1 2 -ounce 
(355-m illiliter) can of your favorite 
beverage? You want to relax and 
reflect on the activ ities of the day, 
but your act of consum ing the 
contents of that 1 2 -ounce can is the 
culm ination of a long chain of 
processes requiring energy, mate­
rials, water, labor, and manage­
ment. Let us consider your effect 
as a consumer on the water re­
sources of the Nation and try to 
answer the question, "How much 
water is in a 1 2 -ounce can?”
Twelve ounces, of course— three- 
eighths of a quart, or, in the metric 
system, 0.355 liter (0.000355 cub ic 
meter). But wait a m inute; let's 
rephrase the question to "How 
much water did it take to manufac­
ture the 12-ounce can?” Doesn’t 
it take water to clean the can 
before it is filled, water to produce 
the steel or alum inum used in the

can, water to m ine the coal tha t is 
used in converting iron ore to 
meta llic iron in making steel used 
in the can, and water for coo ling in 
the thermal e lec tric plants tha t 
supply these industries with e lec­
tr ic energy?
Let us use that can from which 

you were about to pour your 
1 2 -ounce drink as an example fo r 
exp loring the ram ifications o f one 
of our simple daily water-consump- 
tion decisions. The fabrica tion of 
meial cans requires a small quan­
tity of water fo r a variety of in -p lan t 
purposes such as cooling and 
washing. In 1968, nationw ide water 
w ithdrawals fo r this industry

Cooling-water intake.

2



totaled 7 b illion liters (7.4 billion 
quarts). The average in-p lant water 
use per can is about 0. 2 lite r of 
water w ithdrawn. This small d irec t 
use of water is an obvious conse­
quence of you r consumption of a 
beverage in a 12-ounce can. But 
what of the ind irec t uses of water 
necessary to sustain the industries 
that d irec tly supp ly the can manu­
facturers w ith goods and services?
Using 1967 data, it is estimated 

that supporting industries d irec tly 
supplying the metal-can fabrica tion 
industry w ithdraw about 23 liters 
(24.3 quarts) o f water per can 
produced. Each of these supporting 
industries, in turn, must purchase 
goods and services from still other 
industries. As those purchases 
"ripp le ou t" through our economy, 
additional econom ic sectors be­
come involved. The accumulated 
water w ithdrawals fo r all the ind i­

rect suppliers tota l 40 liters (42.3 
quarts) per can, thus increasing 
water w ithdrawals by both d irect 
and ind irect suppliers to about 63 
lite rs (6 6 . 6 quarts) per can.
You m ight question the need for 

this type of information; certa in ly, 
your ind iv idua l decision to con­
sume the contents of one can has 
little impact on water use. In the 
aggregate, however, the water-use 
decis ions of a large group of ind i­
viduals, or national po licy decisions 
on water use that affect many in­
dividuals, may have a considerab le 
impact. Also, the accumulated in­
d irec t effects of an industria l water 
use are often more sign ificant 
than the direct water use in that 
industry, as in the example where 
an additional 63 liters (6 6 . 6 quarts) 
per can is w ithdrawn by direct 
and ind irect suppliers to a can 
manufacturer.

ELECTRIC POWERPLANT NEAR HAYDEN, COLO.

Powerplant and cooling towers. Cooling-water discharge.
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Estimates of ind irect water-use 
effects are made by utiliz ing a tech­
nique known as input-ou tput analy­
sis. For this type of analysis, a 
table is constructed to show the 
value of d irec t input from each 
econom ic sector in the United 
States that goes into a unit value 
of output fo r all the other econom ic 
sectors. By applying mathematical 
procedures to the information in 
the table, a new table can be 
constructed to show total d irect 
and ind irec t inputs from each 
econom ic secto r fo r a unit value 
of output in each of the other 
econom ic sectors. Multip ly ing 
these values by the average water 
use per unit value of output in all 
of the econom ic sectors gives the 
water use for a unit value of output 
from any particu la r econom ic 
sector. Figure 1 shows in sim plified 
form how this concept may be 
developed and applied to estimate

the water use required to produce 
one 1 2 -ounce container.

As the total amount of water used 
by both direct and ind irec t sup­
p liers fo r the production of a 1 2 - 
ounce can was found to be about 
63 liters (6 6 . 6 quarts), many times 
the d irec t use, so may ind irec t 
water use for the support of produc­
tion in other econom ic sectors be 
estimated, using s im ila r methods. 
For example, an estimate can be 
made of the amount of water used 
fo r the production and sh ipment of 
$ 1 0 billion worth of.gra in, as can 
an assessment of water-use effects 
of national legislation concern ing 
highways, housing, energy, and 
environmental measures. Possibly 
too often the prescribed so lution 
to a national problem has been 
proposed w ithout a thorough eval­
uation of the impacts of that so lu­
tion. Would a leg is la tive ban on 
nonreturnable conta iners alleviate

FIGURE 1.— Water withdrawals by direct 
and indirect suppliers for the fabrication 
of a 12-ounce beverage can. (1 liter equals 
approximately 1 quart.)

CAN FABRICATION DIRECT INPUTS INDIRECT INPUTS
A N  A V E R A G E  Of 0.2 LITER O f  W A T E R  W I T H D R A W A L S  IN LITERS W A T E R  W I T H D R A W A L S  IN LITERS

W A f E R  IS W I T H D R A W N  fOR THE PER C A N f T O T A L  IS 22 95 LITERS) PER C A N  (TOTAL IS 39 99 LITERS)

MANUFACTURE O f  A  SINGLE 

C A N

SECTOR
IRON A N D  STEEL lllllllIM 6.13 LITEPS

THERMOELECTRIC lllltiT.1 75 UTERSilllil 
P O W E R

AGRICULTURE li '13.27 LITERS I

MIN I NG  O 0 2  18 LITERS

CHEMICALS [JO 1 44 LITERS

PAPER 0 1 . 3 2  LITERS

OTHER Q  0.90 LITER

SECTOR
IRON A N D  STEEL I:iIIilli:119.08 uTERSjl'll'ii )

THERMOELECTRIC 1 1 1 3 . 4 2  LITERS 
P O W E R

1 O T H E R Q 0  45 LITER



so lid -waste disposal problems?
And how would that ban affect 
costs, energy use, water use, and 
m ineral use? Because almost all 
regula tions have negative as well as 
positive effects, it is desirable that 
all effects be expressed in spec ific 
numbers, if possible, and then 
debated before a legal or po licy 
comm itm ent is made so that water- 
use changes can be estimated.
A beverage can may be made en­

tire ly of alum inum , or it may be 
bim eta llic , having a steel bottom 
and steel sides and an alum inum 
top. The steel industry and the 
alum inum industry d iffe r from each 
other in the ir requirements fo r 
water, energy, m inerals, and other 
econom ic inputs. The alum inum- 
reduction industries (converting ore 
to metal), fo r instance, require a 
re la tive ly large amount of e lec tric 
energy; there fore , trad itiona lly , 
a lum inum -reduction plants have 
been located in areas where hydro­
e lec tric power is plen tifu l and 
re la tive ly inexpensive. The produc­
tion of one alum inum can requires 
the equiva len t of 1 0 cubic meters 
(about 1 1 short tons) of water going 
through turb ines in a 15-meter 
(50-foot) high dam. This also is a 
water use, but the water is not 
w ithdrawn from the river channel; 
therefore, the quantity and the 
qua lity of the water are not 
percep tib ly affected.

Water fo r stee l: W ide 
varia tions
The largest d irec t water use in 

the example of the 1 2 -ounce can is 
in the iron and steel industry. A 
more deta iled look at this industry

illustra tes some in teresting water- 
use facts that must be cons id ­
ered in produc ing water-use 
information.
S teel-industry data have often 

been used to show the w ide range 
in water use that occurs w ith in a 
single industry. Inasmuch as more 
than 95 percent of gross water use 
in steel plants is fo r cooling, com ­
parisons of quantities used fo r 
coo ling are very sign ifican t. Data 
(gross use, includ ing reuse) com ­
p iled by Walling and Otts (1967, 
p. 364) fo r 25 integrated steel 
plants and stee l-processing plants 
showed ranges of 14 to 409 cub ic 
meters (3,750 to 108,000 gallons) 
required to produce 907 kilograms 
(1 short ton) of ingot steel. As these 
authors pointed out, some facto rs 
that affect coo ling -wate r requ ire ­
ments are the age and cond ition of 
a plant, procedures of operation, 
and quality of coo ling water. Costs 
of water w ithdrawal also s ign ifi­
cantly affect the amount w ithdrawn. 
Russell and Vaughan (1976) esti­
mated that a change in the price 
of water from $0.0044 to $0.01 per 
cub ic meter would reduce water 
w ithdrawals by more than 80 per­
cent; fu rther price increases, how­
ever, would have little add itiona l 
effect. The quantity of water ac­
tua lly consumed would remain 
about the same or increase sligh tly 
w ith price increases.

Water uses in the home and 
per ca( ita use
Household uses of water also 

vary greatly in magnitude. House­
hold uses are in te rna tiona lly ex­
pressed in terms of lite r^ (1 lite r
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equals 1.0567 quarts) per day per and whether or not the water sup-
person, and depend upon such ply is metered. Although a person
characteris tics as climate, accessi- needs less than 2 liters (2.1 quarts)
b ility (connected or not connected 
to a public water-supp ly system), 
water quality , water pressure, cost, 
outdoor needs (lawn, garden, pool),

TABLE 1.— Anticipated daily domestic uses 
Reid, 1965, p. 18.)

Family use of water

o f water a day (from liqu id and 
solid foods) to survive, in the United 
States the actual da ily household 
use (indoor and outdoor) ranges

of water by a family of four. (Adapted from

Liters Liters Gallons Gallons 
per day per day per day per day 
per family per capita per family per capita

Drinking and water used in kitchen ........ 30 7.6 8 2
Dishwasher (3 loads per day) ................. 57 14 15 3.75
Toilet (16 flushes per day) ...................... 363 91 96 24
Bathing (4 baths or showers per day) . . . . 303 76 80 20
Laundering (6 loads per week) ................. 129 32 34 8.5
Automobile washing (2 carwashes per 
month) ................................................... 38 9.5 10 2.5

Lawn watering (180 hours per year) ........ 379 95 100 25
Garbage disposal ur. t (1 percent of all 
other uses) ........................................... 13 3 3 0.75

Total ............................................... 1,312 328 346 86.5

TABLE 2.— Estimated daily per capita use of freshwater in the United States.

Gallons per 
person per 

day

Liters per 
person per 

day

Water required for survival ............................
Average personal consumption of water 
(liquids and water in foods).

Domestic uses of all kinds (indoor and out­
door uses), 1970; home connected to 
public water-supply system.

Less than 1/2 
About 1

75

Less than 2 
About 4

280

National averages in 1C75

Public water systems, including public-sup- 
ply water for domestic, industrial, com­
mercial, and public (fire-fighting, parks, 
etc.) uses and water-system losses (pop­
ulation1 served in 1975: 175.000,000).

Self-supplied industrial use (total popula­
tion1 in 1975: 217,000,000).

Combined public, rural, industrial, and irri­
gation uses (excluding hydroelectric 
power).

Water for hydroelectric power ....................

168 636

783 2,960

1,600 6,000 
(If saline water use is added, per capita use 
is 1,930 gallons, or 7,310 liters.)

15,200 57,500
1 Includes Puerto Rico and Virgin Islands (U.S.). 
Source, ol dala lor 1975: Murray and Rooves, 1977.



from less than 40 liters (42.3 
quarts) per cap ita in some homes 
w ithou t p lumbing to several hun­
dred liters per cap ita in affluent 
homes w ith watered lawns. Lawn 
watering and to ile t flushing are the 
two largest household uses of 
water. Table 1 shows a hypothetica l 
example of average daily water 
use in the future by a fam ily of 
four (assum ing that fam ily has two 
bathrooms, a garbage-disposal 
unit, a dishwasher, an automatic 
laundry, and two automobiles).
Daily per cap ita water use in the 

United States is sometimes ex­
pressed as a nationw ide average 
for a given year. The average daily 
per cap ita household use fo r 1970 
(Kammerer, 1976) was about 280 
lite rs (297 quarts) per person for 
homes connected to pub lic water- 
supp ly systems; however, the tota l 
average da ily per capita use of 
freshwater for all w ithdrawal uses—  
for ag ricu ltu ra l irriga tion , se lf­
supp lied rura l homes (domestic 
and livestock uses), se lf-supplied 
industries, and pub lic supplies—  
was about 5,900 liters (6,235 
quarts) per cap ita fo r the same 
year, and 6,000 liters (6,340 quarts) 
in 1975 (table 2).

W a t e r  a s  a C o m m o d i t y :  
H i s t o r y  a n d  L e g a l 
C o n c e p t s
One of the most s ign ifican t 

trends in our water-use p ic tu re is 
the change since co lon ia l times, 
when water was considered an 
essentia lly free resource, to the 
present, when water has become a 
very expensive commodity in

some locations.
English common law regarded 

water as a common-property 
resource for those who owned land 
along streams (riparian owner) to 
use freely. The only large uses were 
for power in m illing and manufac­
turing processes, and those uses 
were not consumptive or otherw ise 
detrimental to water used by other 
riparian owners. This doctrine 
was brought by the co lon ists to the 
Eastern United States where it still 
strongly influences the water laws 
of the Eastern States. On the other 
hand, water leg is la tion in most of 
the Western States was more in­
fluenced by Spanish law and 
custom, and it was generally 
adapted to meet the particu la r 
needs of miners, farmers, and 
ranchers in arid regions. The ap­
propria tion doctrine which evolved 
as a key element of western water 
law held that the person who first 
diverted water and put it to a bene­
fic ia l use had a right to maintain 
that diversion and use. Any subse­
quent upstream diverters could 
only operate on the cond ition that 
p :io r rights were being satisfied. 
This was a doctrine that recognized 
water rights as real property, but it 
frequently did not provide for 
marketing arrangements, and the 
concept of setting a price for water 
s till had not been developed. The 
idea of free water for those who 
would develop and use it fit well 
w ith the concepts of westward 
expansion; the natural resources of 
the West were presumed to be 
available for those w ith the in itia ­
tive to exp lo it them.
As water needs of the public in­

creased for such purposes as fire
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pro tection , dust con tro l, sanitation, 
disease eradication, and domestic 
consumption, there was a sign ifi­
cant increase in the extent of 
water-supply systems, leading to a 
general transition from private to 
pub lic ownership o f water com ­
panies. In the West, the simple 
irriga tion systems on indiv idua l 
farms gave way tu large irriga tion 
d is tric ts that required the capita l 
and efforts of many. User charges 
to recover the cap ita l costs and 
provide for operating and mainte­
nance costs became accepted, but 
the mechanisms fo r pric ing and 
marketing water righ ts developed 
slow ly.

As increases in wate r use de­
plete the easily developable sup­
plies, more costly add itiona l 
supplies are being sought. As the 
costs of water go up, water re­
sources become more and more 
like other econom ic commodities 
for which there are supplies, de­
mands, and a pric ing and market­
ing structu re to balance the sup- 
pi. • and demands. The influences 
ana concepts of econom ists are 
being utilized in the study of water 
use. More commonly, water is 
being thought of as another input 
to a production process fo r which 
substitu tions can be made. In the 
case of industry, trea tment and 
recycling of water can substantia lly 
reduce withdrawals, but only with 
the expense of add itiona l capita l 
investments and increased energy 
and chem ical costs. To be able to 
pred ic t water use, some knowledge 
of the options for substitu tion that 
the factory, farm, or home manager 
has available is necessary so that 
the impacts of the ir decis ions

can be antic ipa ted as the prices 
of water and other commodities 
change.
These few examples of water use 

and its varia tions and econom ic 
ram ifica tions illus tra te only some 
of the com p lex ity and importance 
of water-use information. U.S. 
Geological Survey programs tha t 
define the tim e and space ava il­
ab ility of the Nation ’s water sup­
plies provide information, wh ich—  
when compared to the water de­
mands of industria l, agricu ltu ra l, 
and munic ipa l users— provide 
an assessment of our abilities to 
meet these curren t and future de­
mands. However, studies and 
assessments of water use have no t 
achieved the detail or degree of 
accuracy that is now found in 
water-supply information. Because 
water use is substantia lly affected 
by variab les— economics, tech ­
nology, and custom— mcch d iffe r­
ent than those affecting water sup­
ply, the methods and techniques 
fo r measuring and projecting wa te r 
use must be developed from con­
cepts and techn ica l disciplines 
that go beyond the natural and 
physical sciences. The U.S. Gee 
logical Survey is cognizant of these 
needs and, in cooperation with 
State and local governments, is 
developing programs to acquire 
water-use data that are of the same 
order of accuracy as its water- 
supply data.
S imply stated, in the hydrologic 

cycle, water moves from the atmos­
phere to the land and sea and back 
again into the atmosphere. Water 
use— both natural and contro lled—  
occurring during the land-sea part 
of the hydro log ic cycle includes

8



(1) evapotranspiration from irri­
gated, nonirrigated, and wild vege­
tation, (2) evaporation from water 
surfaces, (3) withdrawal of water 
from streams, lakes, reservoirs, and 
wells, (4) dilution, assimilation, 
and transport of wastes, and (5) 
occupancy of surface waters as a 
habitat (by fish, wildlife, and so 
forth), a transport route (naviga­
tion), and a recreational facility.

For purposes of estimation and 
measurement, these water uses are 
grouped into three principal 
categories:
1. Withdrawal (or “ off-channel") 

uses, such as withdrawal from a 
well or diversion from a stream, 
for public supplies, irrigation,

F IGURE 2.— E s t i­
m a ted w a te r w ith ­
d raw n and w a te r 
co n sum ed in th e 
U n ite d S ta tes in 
1975. T o ta ls a b o ve 
each b a r are in 
m e tr ic un its ; 1 
c u b ic  h e c tom e te r 
=  1 m illio n  c u b ic  
m e te r s = 2 6 4  m il­

lio n ga llo n s .
(A d a p te d from  
M u rra y and R eeves ,
1977.)

and industry;
2. Nonwithdrawal (or “ instream” ) 

uses, such as for hydroelectric 
power, navigation, recreation, 
preservation of wildlife and 
sport fishing habitat, salinity 
control, waste dilution, and 
transport;

3. Nonsupply uses,(also some­
times referred to as “ water 
losses” or “ preemptive con­
sumptive use"), such as evap­
oration from lakes and reser­
voirs and evapotranspiration 
from nonirrigated food and fiber 
crops.

Withdrawal uses are the most 
measurable and measured of the 
three categories of use, but they



are measured far less frequently 
and systematically than water sup­
plies (for example, the flow of water 
in streams). Figure 2 compares a 
few of the national water-use 
statistics for 1975 with respect to 
average quantities withdrawn and 
the part of the withdrawals 
consumed.

Nonwithdrawal uses (•- ater uses 
that are not dependent on diversion 
of water from ground- or surface- 
water sources) may be categorized 
as flow uses and onsite uses. 
Navigation, hydroelectric power, 
sport fishing habitat, freshwater 
sweetening of saline estuaries, and 
the disposition and dilution of 
waste water are commonly classi­
fied as flow uses; all thes uses 
are accomplished by free-flowing 
water moving in a defined channel. 
Onsite uses are of two principal 
types: (1) water use which occurs 
in a watercourse, lake, reservoir, or 
other body of water, and (2) water 
use resulting from improvement of 
natural conditions, a use that is 
sometimes called “ preservation 
use.”  Stream evaporation from an 
increased heat load is an example 
of the first type of onsite use, and 
water lost from improvements to 
swamps, wetlands, and fish hatch­
eries are examples of the second 
type. Many of the nonwithdrawal 
uses cannot be readily measured, 
thus presenting a hydrologic chal­
lenge for more accurate determina­
tion and for evaluation of their 
effect on the quantity and quality 
of water resources available for 
other uses.

Perhaps surprisingly, about 8 
times as much water is used con­
sumptively— in the category, “ non­

supply uses"— by the naturally 
occurring processes of evaporation 
and transpiration in the growth of 
vegetation (forests, grasses, and 
nonirrigated crops) in the United 
States than is supplied nationwide 
for all withdrawal uses. The “ non­
supply”  water returned to the 
atmosphere by this natural process 
is also referred to as a “ consump­
tive and preemptive use,”  or some­
times as "water losses” ; it is the 
remainder after runoff (streamflow) 
has been subtracted from precipi­
tation. The sustained availability 
of large quantities of this nonsupply 
water— most of which occurs as 
soil moisture— constitutes a major 
natural resource. Without signifi­
cant amounts of local soil moisture,

T A B LE  3.— E s t im a te d w a te r s u p p ly  ve rsu s 
w a te r d em a n d — re g io n a l (e a s ie rn , c e n tra l, 
and w es te rn ) w a te r use in th e c o n te rm in o u s 
U n ite d S ta te s in 1975. (A d a p te d  from  
M u rra y and R eeve s , 1977.)

Roglon

31 E a s te rn S ta te s * (8 ea s te rn r e g io n s ) .............
10 C e n tra l S ta te s 1 (p a r ts  eas t o f C o n t in e n ­
ta l D iv id e ; 5 c e n tra l re g io n s ) .............................

7 W e s te rn S ta te s (p a r ts w e s t o f C o n t in e n ta l
D iv id e ; 5 w e s te rn  r e g io n s ) .....................................

48 S ta te s (c o n te rm in o u s U n ite d S t a t e s ) .............

10



commercial agriculture, as well as 
public parks and residential lawns 
and gardens, would not be possi­
ble unless there were major im­
portation of water from other loca­
tions. Another nonsupply use is the 
evaporation of water from large 
water surfaces, such as lakes, 
rivers, and snow and ice fields. An 
extremely rough estimate of aver- 

• age nonsupply water use in the
i conterminous United States is

16,000 cubic hectometers per day 
(20 inches per year times 3 million 
square miles), most of which is 
evapotranspiration from vegetation. 
Nace (1967, p. 4) has pointed out 
that actual daily per capita water 
use for all purposes in an advanced 
society amounts to “ many thou­

sands of gallons, drawn chiefly 
from soil moisture."

S u p p l y  V e r s u s  D e m a n d  

( W a t e r  U s e )  in 1 9 7 5

In the general terms of average 
nationwide water supply (based on 
streamflow), the United States has 
a great abundance of water— 3 
times as much as was withdrawn 
in 1975 and more than 12 times as 
much as was consumed during 
usage and therefore unavailable for 
reuse. Table 3 shows some supply- 
versus-demand relationships for 
the aggregated eastern, central, 
and western parts of the Nation as 
well as for all the 48 conterminous 
States. What these data do not

i T h e w a te r w e have . . .
A ve ra g e f lo w  o f s tre a m s in th e 48 c o n te r ­
m in o u s S ta te s
( In c lu d e s g ro u n d -w a te r c om p o n e n t o f base 

s tre a m flo w )
T h e  w a te r w e u se . . .
W a te r w ith d ra w n  and w a te r c o n s um e d

Area Stream dlschargo
Population 
In 1975

Withdrawals 
in 197S

Water consumed 
In 1975

1,000
square
kilo*
meters

1,000
square
miles

Cubic 
hecto­
meters 
per day

Thou­
sand 
cubic 
feet per 
second

Million
pcoplo

Cubic 
hecto­
meters 
per day

Billion 
gallons 
por day

Cubic 
hecto­
meters 
per day

Billion 
gallons 
per day

, 2 ,713 1 ,047 2 ,800 1,100 151 860 230 55 15

1 2,980 1 ,150 640 260 30 290 78 130 35

< 2,132 823 1,100 460 32 390 100 170 46

7 ,825 3 ,020 4 ,500 1 .800 213 1 ,500 410 360 96

1 Excludes some parts of Arkansas. Iowa, Louisiana, Minnesota, and Missouri. 
1 Includes parts ol an additional 5 Statos.
NOTE: Stream-discharge and water-use data rounded to 2 significant figures.
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UPPERMISSISSIPPI
20; 1 r"

MISSOURI BASiN 
 65;2fl

UPPffl
COLORADO

ARKANSAS—WHITE —RED 
21; 12°̂WERco»-onAoo

268,187 RIO ORANDE 
108;70

"Njlower MISSISSIPPI 
Y— 20; 7 /

TEXAS OULF 
69;25

Lowest flow since October 19S0 Average Avorage
runoll
1941-70,

runoff
1975,Runoff,

In In in
Discharge, cubic cubic cubic

In moters maters melers
cubic per day per day per day
hecto­ per per per
meters square square equaro

Dale per day kilometer kilometer kllomeier

O c t. 31, 1963 2 .89 165 1 ,550 2 ,130
S ep t. 10, 1966 1 .47 49.1 825 1 ,150
A u g . 2, 1965 . . 12 .5 52 .9 1 ,140 1 ,680
N ov . 8, 1962 . . 14 .9 335 1 ,190 1 ,800
D ec . 23, 1963 . 14.8 10.8 137 158
J a n . 8, 1964 . . 308 104 466 649
O c t. 11, 1961 . 14 .9 271 867 1 ,050
J u ly  18, 1961 . 18.9 105 243 315

[T h e  f lo w  o f 
s tre a m s (a n d th e re ­
fo re  th e  s u p p ly  o f 
s u r fa c e  w a te r) 
v a r ie s n o t o n ly fro m  
p la c e  to  p la c e , b u t 
a ls o  fro m  y e a r to  
y e a r, se a so n to  
s e a so n , m o n th  to  
m o n th , a nd d a y to  
d a y . F o r e x a m p le , 
o n th e  e ig h t la rg e  
s tre a m s lis te d  a t 
le ft , th e  h ig h e s t 
f lo w  o f a g iv e n 
s tre a m  s in c e  1960 
w a s from  9 to 
n e a r ly 600 tim e s 
g re a te r th a n th e 
lo w e s t f lo w  on th e  
sam e s tre a m .]

F IG URE 3.— W a te r w ith d ra w n  (u se d ) in 
1975 as a p e rc e n ta g e  ( f ir s t n um b e r ) o f a n ­
n u a l ru n o ff ( lo n g - te rm  a ve ra g e ) , a n d w a te ' 
c o n s um e d in 1975 as a p e rc e n ta g e  (s e c o n d  
n um b e r) o f a n n u a l ru n o ff, in e a c h w a te r - 
re s o u rc e  re g io n  in th e  c o n te rm in o u s  
U n ite d  S ta te s . (A d a p te d  fro m  M u rra y  and 
R eeve s , 1977 , p. 19.)

those circumstances, might be as 
little as one-third of the average 
runoff in some parts of the Nation 
because of wide variations in flow 
from season to season and from 
year to year and because of topo­
graphic, geologic, hydrologic, 
ecologic, and economic constraints 
on the construction of reservoirs.
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W h a t  A r e  S o m e  of O u r  

I n f o r m a t i o n  N e e d s ?

Water-use information is needed 
at all levels of water-resource 
planning— from the designing of 
an individual household's self­
supplied water system to planning 
for the development of our largest 
river basins. The analyses of the 
effects of potential legal or policy 
water decisions alsc require water- 
use information whether the issue 
at hand is a temporary ban on lawn 
watering or a national policy on 
nuclear-powerplant siting.

The past few years have demon­
strated how rapidly radical changes 
in resource availability can affect 
the directions of some sectors of 
the U.S. economy and can affect 
the national pattern of water use. 
The growth in energy demand had 
been mostly satisfied by increasing 
oil imports during the 1960’s and 
early 1970’s. However, with the 
realization of possible interruptions 
of oil imports and their subsequent 
momentous increases in price, 
naticnal attention has been focused 
on developing our extensive re­
serves of coal as a less expensive,

F IG URE 4 .— L o c a ­
t io n  o f c o a l f ie ld s 
and o ll- s h a le  
d e p o s its  In u p p e r 
M is s o u r i R iv e r and 
u p p e r C o lo ra d o  
R iv e r t r s ln s ,  W e s t­
e rn U n ite d  S ta te s .

SOURCE. U.S. GEOlOGICAt SURVEY

EXPLANATION

I i H i m
COAl FIELDS Oll-SHALE

DEPOSITS
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more secure alternative to oil 
imports.

Most of this attention is now 
being directed toward the develop­
ment of surface-minable (strip- 
minable) coal reserves in the water- 
short Western United States. 
Surface-minable coal is the only 
energy resource that can be 
brought into production rapidly, 
and it is usually less costly to 
produce than underground coal. 
The semiarid Western States have 
63 percent of tho demonstrated 
reserve base of coal suitable for 
stripping in the United States, and 
mucn of this has a desirably low 
sulfur content, figure 4 shows the 
location of some of the principal 
western deposits of coal, including 
those minable by surface methods. 
Comparing this with the existing 
water uses in f;gure 3, it can be 
seen that the coal deposits occur 
in areas in which the existing water 
use is large in comparison with 
supply of water available.

Direct water requirements for 
surface coal mir.ing are not large; 
the modest demands for sanitary 
and dust-control purposes can 
usually be met locally. Irrigation of 
spoils undergoing reclamation in 
arid areas may require more water 
than is available on a mine site but 
only tn amounts that will not cause 
significant wator-use problems. In 
contrast to these relatively modest 
water needs for mining and 
reclamation, the conversion of 
coal to secondary forms of energy 
such as gas, oil, or electricity tor 
transportation, distribution, and 
consumption will constitute a sig­
nificantly large water use. These 
secondary industries will also 
generate associated industrial and 
commercial growth that will also 
increase the water use.

The preponderance of high- 
grade oil-shale deposits are also 
located in the semiarid West (fig. 5). 
In addition to water used for 
processing and cooiing in

F IG U R i. 5 .— P r in c ip a l re p o r te d  o l l- s h a le  d e p o s its  in th e c o n te rm in o u s  U n ite d  S ta te s . D a rk e r 

a re a s in C o lo ra d o , U ta h and W yom in g  o re kn ow n to c o n ta in  h ig h -g ra d e  d e p o s its . (A d a p te d  
from  D u n c a n  and S w an su n , 1965 , p . 11 .)



shale-retortinq operations, water is 
used for compacting spent shale 
material.

The very great demands that will 
be made on water and environ­
mental resources for energy con­
version are only "the tip of the 
iceberg" compared to the ensuant 
demands that will be made for in­
dustrial, residential, and commer­
cial development. These increased 
water-use needs cannot be met by 
the already overcommitted avail­
able water supply; rather, they 
must come from a transfer of water 
rights from one type of use to 
another.

This will often mean that water 
which up to now has beer; used for 
agricultural purposes will subse­
quently be sold to industrial users. 
If the water was used to irrigate 
hay and feed-grain crops, its loss 
might considerably change the 
character of ranching and, hence, 
change the ambience of the area. 
Most water users, especially in­
dustrial users, have options foi 
using less water, but these options 
require higher capital investments 
and operating costs. If a user can 
legally buy water from other users, 
he will do so. but if water transfers 
are not pe. iitted, the costs of 
reducing water use will eventually 
be passed on to consumers. To 
thoroughly evaluate the social, en­
vironmental, and economic effects 
of energy development, detailed 
information on water-use options 
and their costs must be developed 
for the energy-conversion indus­
tries and for other major water 
users who will be directly or indi­
rectly involved in energy produc­
tion and development. Also to

be considered are industries that 
are purposely located near energy- 
conversion industries in order to 
utilize products or byproducts of 
energy-conversion processes.

Detailed analyses of plant-level 
options for converting coal to gas, 
oil, and electricity and the effects 
of these options on water use have 
been undertaken, and some are 
near completion. Methods for 
projecting water use for secondary 
development resulting from in­
creased energy development and 
for relating these water demands 
to supply capabilities and environ­
mental resources are being 
studied.

H o w  A r e  W a t e r - U s e  

I n f o r m a t i o n  S y s t e m s  

D e v e l o p e d ?

It is necessary for a planner or 
designer of a new water-supply 
system to study other similar sys­
tems in order to estimate water 
demands for the new system, but, 
because this type of information is 
often scattered throughout thou­
sands of reports from towns, cities, 
public-health agencies, and engi­
neering firms, it is not always easy 
to find. Aggregate water-use in­
formation for a region or an indus­
try is even more difficult to assem­
ble because some companies are 
hesitant to disclose information 
about their operations that might 
be useful to competitors.

The need for a more centralized 
source of water-use information 
has led to the development of some 
data-collection and data .eporting 
systems. These have usually been 
based on periodic assessments
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made by conducting many inter­
views and canvasses, collecting 
data from secondary sources, and 
estimating to fill the gaps. The 
quality of water-use information 
ranges from the accuracy obtained 
for motered uses to the uncertainty 
of hydrologic estimates of irriga­
tion conveyance losses. In fact, a 
major proportion of existing water- 
use data consists of estimates that 
are of such limited accuracy as to 
be useful only in very general 
assessments of water problems.

The economic fact that con­
sumers usually use less of a com­
modity as it becomes more expen­
sive, but use more of it as their 
incomes increase, indicates that 
information on income and water 
prices, as well as a number of 
related items of information about 
household size, house-lot size, and 
property values, may be helpful in 
estimating variations in water use. 
Equations can be doveloped to 
make these estimates, L»ut statisti­
cal analyses must be based on data 
that include economic and demo­
graphic information as well as 
water-use information.

For estimating the effects of 
changing prices and technology on 
industrial water use, another type 
of detailed analysis can be made 
on an industry-by-industry basis for 
industries that use large amounts 
of water. These plant-level analyses 
of the processes involve detailed 
engineering-economic studies of 
how existing plants are operated or 
how new plants should be designed 
and operated in order for the 
company operating the olant to 
maximize profits under current 
prices and regulations. Existing

plants often cannot significantly 
change their rate of water use 
without extensive retrofitting. New 
plants, however, have a much wider 
range of process technologies to 
choose from for minimizing pro­
duction costs under changed eco­
nomic conditions. For cooling 
purposes, one of the largest uses 
of industrial water, a decrease <n 
water use (withdrawal) can usually 
be achieved at a cost of increased 
water consumption, and the con­
verse is also usually true. The 
recent increases in energy prices 
relative to water costs may alt/er 
the historical trend toward less 
water-intensive cooling systems. 
Plant-level analyses of the to t#  

costs of various cooling s y s t e m s  

can be used to determine the d i­
rections that future changes ir 
water use will take.

S u m m a r y  a n d  

C o n c l u s i o n s

We can estimate past and pres­
ent water uses, but total water 
needs for most withdrawal uses- are 
changing; water use is responsive 
to prices, technology, customs- 
and regulations. Although inventory 
systems for estimating water us>£ 
are good indicators of past anct 
present uses, such systems a r^  "not 
as accurate or as frequently re­
ported as we would like, and tb*ey 
do not show us future water 
trends.

Providing more complete anrp 
accurate water-use information will 
involve the work of many hydros- 
ogists, engineers, and econom :Sts>
It will require more detailed an -0 
complete water-use data and a
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wider knowledge of local factors. 
Much of ihe information can be 
collected by State or local agen­
cies, and a well planned, nationally 
consistent effort can produce data 
that will serve many purposes. 
However, providing water-use in­
formation for all purposes will 
require additional comprehensive 
statr.tical-data and engineering 
analyses of water-use options at 
the plant level. These analyses can 
provide information cn changing 
conditions, and, with this knowl­
edge, it will be possible to con­
struct computer models for regional 
assessments of water use in rela­
tion to water supply.

For most of our Nation, the 
oeriod of free and easily developed 
water supplies has ended; in some 
areas, water use is approaching 
or exceeding the available supply. 
We are, however, not running out 
of water. Much still remains to be 
done toward modifying the occur­
rence of water to better fit regional 
demands, and, more importantly, 
many options for modifying water 
use and reuse remain to be ex­
plored. The development of new 
water supplies will take more time 
than the development of methods for 
better utilizing water through reuse, 
conservation, and new tech­
nologies.

Sometime in the future, the 
manufacture of a 12-ounce bever­
age can will have considerably 
different water-use effects We 
must prepare for these effects if 
that 12-ounce can is to continue to 
be available to us.
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As the Nation's principal conservation agency, 
the Department of the Interior has responsibility 
for most of our nationally owned public lands and 
natural resources. This includes fostering the 
wisest use of our land and water resources, 
protecting our fish and wildlife, preserving the 
environmental and cultural values of our national 
parks and historical places, and providing for the 
enjoyment of life through outdoor recreation. The 
Department assesses our energy and mineral 
resources and works to assure that *heir 
development is in the best interests of all our 
people. The Department also has a major 
responsibility for American Indian reservation 
communities and for people who live in Island 
Territories under U.S. administration.



S T A T E  O F  A L A S K A  
D E P A R T M E N T  O F  N A T U R A L  R E S O U R C E S  

DIVISION O F  FOREST, L A N D  A N D  W A T E R  M A N A G E M E N T

O F F I C E  U S E  O N L Y

A D L

A P P L I CATION F O R  W A T E R  R I G H T

Instructions: You will need (1) a map showing the location of your source of water and the area of use,
(2) a copy of your property ownership document, i.e. deed, patent, lease agreement or an easement 
agreement if you do not own the property involved, (3) a copy of your driller's well log, if application: 
is for an existing well, (4) Statement of Beneficial Use Of Water (Form 10-1003A) if this is an existing 
water use, and (5) Application for Permit to Construct or Modify D a m  (Form 10-1015) if you will be 
constructing a dam over 10 feet high or over 50 acre feet of storage. Please type or print in ink.

1. Full legal name of Applicant(s) __________________________________________________________

2. Mailing Address

H o m e  Phone _______________________________  Business Phone__________________

3. Source of Water Supply:

(a) Q ] w e U

I | Drilled Q  Hand Driven Dug Q]] Other_______________

If existing well, attach copy of driller's well log.

If existing well, and no log, supply all known information

Total depth_______________ D r a w d o w n ________________

Intake Depth Screened Yes_____N o _____ Unknown

Static level_________________

(b) Q  Surface Water

I I Stream Q  River Q  Lake Q  Spring 

Give geographic name (if unnamed, state so)



I Page 3

If "No," M U S T  obtain an easement or right-of-way and supply copy. Give name, mailing 
address and phone numberfs) of legal owner.

Name _______________________________________________________________________________

Mailing Address  __________________________________________________________________

___________________________________________________________________  Zip_______________

H o m e  phone_______________________ Business Phone____________________________

6. Type of water use and Quantity of water needed: Please fill in the attached Water Use Chart
indicating the quantity of water and months of use for each type of water use. standard quantities
and definitions are provided for your convenience. If water use Is for a Commercial/Industrial purpose 
or Other Use not on the Water Use Chart, refer to question 7.

7. Commercial/Industrial and Other Uses:

Explain in detail the basis for quantity of water requested. Use additional sheet of paper if needed. 
Indicate type of operation including structures and methods used. Include a sketch or engineering 
drawings. Enter quantity requested and months of use on attached Water Use Chart.

8. Date when water use began or is expected to begin ______ 1 If water use is existing, fill out
Statement of Beneficial Use of Water (Form 10-1003ATI

H A V E  Y O U  A T T A C H E D ?

□ Deed, patent, lease, etc. □ Driller s log (if existing well)

□ U S G S  or Subdivision map □ Diversi on sketch and plans

□ $25 Filing fee (checks payable to State of Alaska) □ D a m  sketch and plans

□ Water Use Chart

□ Statement of Beneficial Use of Water (Form 10-1003A) (if existing water use)

Statements appearing herein are to the best of m y  knowledge true and correct.

S I G N E D ________________________________________________
(Applicant) D A T E

OFFICE x,y RMI Location
check

Other

U S E
O N L Y

• •

10-102 Rev. 6/79



Pcge 2

Water will be taken from surface water source by:

| | Pumping

! J  Gravity Flow System

| | Diversion (Altering a watercourse) - Attach sketch and plans giving dimensions

and specifications.

H  Damming - Attach sketch and plans giving dimensions and specifications. If dam is 
over 10 feet high or over 50 acre feet storage, M U S T  file Application for Permit to 
Construct or Modify D a m  (Form 10-1015).

I | Other  _________________________________________________________

4. Location of point of W I T H D R A W A L , DIVERSION, or I M P O U N D M E N T :

M U S T  attach copy of map or subdivision plat and indicate location

(a) Fractional part__________________________ Section________
Township_______ , Range_______ ,_________________Meridian.

(b) If applicable, Lot, Block, Subdivision; U.S. Survey N o . ____________________________________

(c) Does applicant own or lease the property at point of water withdrawal and over which water is 

transported? Yes Q  N o  Q

If "Yes," M U S T  attach copy of ownership document (i.e. deed, patent)

If "No," M U S T  obtain an easement or right-of-wa;’ and supply copy. Give name, mailing 
address and phone number(s) of legal owner.

Name ________________________________________________________________________________

Mailing Address ___________________________________________________________________

H o m e  phone________________________ Business Phone

Zip

5. Location of point of U S E : If same as question 4, check and go to question 6. Q  

M U S T  attach copy of map or subdivision plat and indicate location.

(a) Fractional part  _____    Section________

Township_________ , Range_______ ,_________________Meridian.

(b) If applicable, Lot, Block, Subdivision; U.S. Survey No._________

(c) Does applicant own or lease the property at point of water use? Yes Q  N o  Q

If "Yes," M U S T  attach copy of ownership document (i.e. deed, patent)



WATER USE CHART

Page 4 '

Office Use 

SIC

Type(s) Of 

Use

Standard

Quantities

Quantity

Requested

Months of Use 
From To 
(Inclusive)

8800

6514

(1) Single Family

(a) Fully plumbed

(b) Partially plumbed

(c) Unplumbed

Per Household 

500 G P D  

250 G P D  

75 G P D

G P D

G P D

G P D

(2) Duplex Per Duplex 1000 G P D G P D

(3) Multi-Family Per Unit 250 G P D G P D

7011 (4) Motel, Resort Per R o o m  100 G P D G P D

0241

(5) Livestock 

Dairy Cows

Per Head 

30 G P D G P D

Hosing dairy barn 35 G P D G P D

0212 Range Cattle 15 G P D G P D

0272 Horses 15 G P D G P D

0214 Sheep 2 G P D G P D

Goats and Hogs 3 G P D G P D

Poultry, Rabbits, etc. 1 G P D G P D

Livestock Total G P D

(6) Irrigation 

(Type of Crop:

)

Per Acre 

0.5 A F Y A F Y

(7) Commercial/ 

Industrial

(8) Other:

DEFINITIONS:

G P D  - gallons per day A F Y  - acre feet per year CFS-.cubic fe. per second

(1) SINGLE F A M I L Y  - Water use necessary for a single household and the irrigation of up to
10,000 sq. ft. of yard and garden.

(a) Fully plumbed - Water piped into the residence for domestic uses. Hot water heater 
and water flush toilet included.

•
(b) Partially plumbed - Water piped into residence for limited domestic uses. Generally 

no hot water heater and no water flush toilet included.

(c) Unplumbed - No water piped into the residence. Water is hand carried for limited 
domestic use.

(2) D U P L E X  - Water use necessary for two single households and the irrigation of up to 20,000 sq. 
f t .  of yard and garden.

(3) M U L T I - F A M I L Y  - Water use necessary for three or more households. Apartment units 
included.
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A l a s k a  

G r o u n d - W a t e r  R e s o u r c e s

A la s k a  lia s a b u n d a n t s u r fa c e -w a te r re so u rce s , b u t m a n y 

o r  th e  s tre am s a n d  la k e s a re fro z e n  f o r  m o s t o f  ,h e y e a r a n d 

m o s t c f  th e  la rg e r s tre am s tra n s p o r t g la c ia l s i l t th a t m a ke s th e 

w a te r u n a c c e p ta b le  f o r  m a n y uses. T hese fa c to rs  le n d  sp e c ia l 

s ig n if ic a n c e  to  g r o u n d  w a te r as a so u rc e o f  s u p p ly , even 

th o u g h  p e rm a fr o s t (p e re n n ia l ly  f ro z e n  g r o u n d ) p r o fo u n d ly  

a f fe c ts  th e o c c u r re n c e  a n d a v a i la b i l i t y  o f  g r o u n d  w a te r in  a ll 

b u t th e s o u th  c o a s ta l re g io n s (W il l ia m s , 1970 ; f ig . I ) . P e rm a ­

f r o s t fo rm s  a v i r t u a l ly  im p e rm e a b le  la y e r th a t re s tr ic ts  re ­

c h a rg e , d is c h a rg e , a n d m o v em e n t o f  g r o u n d  w a te r , fu n c t io n s  

as a c o n f in in g  la y e r , a n d  dec reases th e v o lu m e  o f  u n c o n ­

s o l id a te d  d e p o s its a n d  b e d ro c k  in  w h ic h  w a te r m a y be s to re d 

(Z c n o n e  a n d  A n d e r s o n , 1978 , p . I ) .

G ro u n d  w a te r c o n s t i tu te s  22 p e rc e n t o f  to ta l w a te r use in  

th e  S ta te . A q u i fe r s  p ro v id e  w a te r to  2 7 6 ,0 0 0 p e o p le  (69 

p e rc e n t o f  th e p o p u la t io n ) , o f  w h ic h  172 ,000 re ly  o n  p u b lic  

w a te r - s u p p ly  sys tem s a n d 104 ,00 0 o n  ru r a l (p r iv a te ) sys tem s . 

G ro u n d -w a te r w ith d r a w a ls  f o r v a r io u s  uses in  1980 a n d  re la t ­

ed s ta t is t ic s  a re g iv e n in  ta b le  I .

G E N E R A L SETT ING

M a jo r  la n d fo rm s  o f  A la s k a  in c lu d e  th re e g re a t m o u n ta in  

ra n g e s— th e C o a s ta l, th e A la s k a n , a n d th e  B ro o k s — f r o m  

s o u th  to  n o r th ; a b ro a d  in te r io r lo w la n d  th a t is d ra in e d  by 

la rg e  r iv e rs  a n d c o n ta in s  s ca tte re d h ig h la n d s  a n d p la te a u s ; a n d 

la rg e  c o a s ta l p la in s , v a lle y s , a n d  r iv e r d e lta s (W a h r h a f l ig ,

1 965 ). T h e  p r in c ip a l m o u n ta in  ra n g e s have co re s o f  ig n e o u s 

a n d  m e ta m o rp h ic  ro c k s , w h ic h  a re o v e r la in  b y y o u n g e r se d i­

m e n ta ry  a n d  ig n e o u s ro c k s . In  m o s t o f  th e S ta te , th e  L e d ro c k  

is c o v e re d b y u n c o n s o l id a te d  d e p o s its  o f  g la c ia l a n d  a l lu v ia l 

o r ig in .

B ecause o f  its la rg e  g e o g ra p h ic  a re a , c l im a t ic  c o n d it io n s  

d i f f e r  c o n s id e ra b ly  a c ro ss th e  S ta te . A v e ra g e  a n n u a l te m p e ra ­

tu re s ra n g e f r o m  I 0 ° F  in  n o r th e rn  A la s k a  to  4 5 0F  in  the 

s o u th e a s te rn  c o a s ta l a re a s ; e x trem e s ra n g e f r o m  -8 0 ° to  

1 0 0 °F , w h ic h  o c c u r in  th e in te r io r lo w la n d . R e c o rd e d a n n u a l 

p r e c ip i ta t io n  ra nge s f r o m  a b o u t 5 in ch e s ( in . )  o n  th e  n o r th  

s lo p e  o f  th e B ro o k s  R ange to  300 in . a lo n g  th e  s o u th e a s te rn  

c o a s t. A  la rg e a m o u n t o f  p r e c ip i ta t io n  a n d re la t iv e ly  lo w  

tem p e ra tu re s  in  m e c o a s ta l m o u n ta in s  o f  s o u th e a s te rn  and 

s o u th - c e n t ra l A la s k a  fa v o r th e  fo rm a t io n  a n d p e rs is te n c e o f  

g la c ie rs a n d p e re n n ia l s n o w f ie ld s , w h ic h  n o w  c o v e r n e a r ly

3 0 ,0 0 0 s q u a re  m ile s (m i2), o r  a b o u t 5 p e rc e n t o f  th e S la te . 

M e lt in g  s n o w  an d ice in  g la c ia te d  a reas p ro v id e  a w a te r so u rce 

n o t d i r e c t ly  re la te d  in  t im e  to  lo c a l p re c ip i ta t io n . T h e  m e ltw a - 

t c r has a re g u la to r y  o r m o d e ra t in g  e f fe c t o n  s t re a m f lo w  

v a r ia b i l i t y  a n d , in  t u r n , o n  g r o u n d -w a te r re c h a rg e a lo n g  

a l lu v iu m - f i l le d  g la c ia l v a lle y s (Z c n o n e  a n d A n d e rs o n , 1978, 

p . 2).

T a b le  1. G ro u n d -w a te r fa c ts  fo r A la s k a

[W ith d raw a l da ta ro m d e d to tw o s ig n if ican t figu res and may not add 
to to ta ls because f  independent ro und in g . M g a l/d  =  m illio n 
ga llons per day ; ga. ' =  ga llons per day . Source: So lley , Chase, 
and M ann , I983 |

____________ P o p u la t io n  s e rv e d b y g ro u n d  w a te r , 1980____________

N um ber (thou sands )..................................... ................................................276
Percentage o r to ta l p o p u la t io n - - -  - -  - - ............................   69
F rom  pub lic wa te r-supp ly systems:

N um be r (thousands) - - - -  - -  - .......................................... -  172
Percentage o f to ta l p o p u la t io n - - - - .........................................  43

F rom  ru ra l se lf-s tm p lied systems:
N um be r (th o u sa n d s ) - - - -  - |04
Percentage o f to ta l p o p u la t io n .............................................................. 26

___________________F re s h w a te r w ith d r a w a ls , 1980_________________

Surface wa te r and g round wa te r, to ta l ( M g a l / d ) .................................. 220
G rou nd wate r on ly ( M g a l / d ) ....................................................................... 49

Percentage o f to ta l ..................................................................................  22
Percentage o f to ta l exc lud ing w ith d raw a ls fo r 
the rm oe lec tr ic p o w e r ...............................................................   26

C a te g o ry  o f u s e

Pub lic -supp ly  w ithd raw a ls :
G ro u n d  water (M g a l/d ) -  - - -  - -  - -  - -  - -  - -  - -  23
Percentage o f  to ta l g round  w a te r ........................................................... 47
Percentage o f  to ta l pub lic  su p p ly - -  - -  - -  - -  - -  - -  43
P e r capita ( g a l / d ) ........................- ...........................................- . . .  134

R u ra l-su pp ly  w ithd raw a ls :
Dom estic :

G rou n d  water (M g a l/ d ) ...........................................- .......................... I I
Percentage o f  to ta l g round  w a te r ............................................... 22
Percentage o f  to ta l ru ra l d o m e s t i c .......................................... 99
P e r capita ( g a l / d ) .....................................................................-  -  -  |0 3

L ives tock :
G ro u n d  water (M g a l/d ) -  -  - - .........................................................-  0
Percentage o f  to ta l g round  w a te r ............................................................... 0
Percentage o f  to ta l liv e s to c k ................................................—  -  -  0

In du s tr ia l se lf-supp lied  w ithd raw a ls :
G rou n d  w ater (M g a l/d ) -  - - -  - -  - -  - -  - -  - -  - -  |4
Percentage o f  to ta l g round  w a te r....................................   31
Percentage o f  to ta l industria l se lf-supp lied :

In c lud ing  w ithd raw a ls fo r  the rm oe lec tric  p o w e r ...........................9
Exc lud ing  w ithdraw a ls fo r  the rm oe lec tric  p ow er - - -  - I ;

Ir r ig a tion  w ithdraw a ls :
G rou n d  water (M g a l/d ) ....................... - ......................................  0
Percentage o f  to ta l g round  w a te r .........................................................-  0
Percentage o f  to ta l ir r ig a tion  -  - -  - .....................................................0

P R IN C IP A L AQ U IF E R S

P r in c ip a l a q u ife r s  in  A la s k a  c o n s is t o f  u n c o n s o l id a te d  

a l lu v iu m  a n d g la c ia l d e p o s its , a n d  c o n s o lid a te d  c la s t ic  and 

c a rb o n a te  s e d im e n ta ry  ro c k s . T h e  a q u ife r s  a re  de s c r ib e d 

b e lo w  a n d in  ta b le  2 ; th e ir a re a l d is t r ib u t io n  is s h o w n  in 
f ig u r e  I .
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(M g a l/d  =  m illio n  g a llon s  pe r day ; g a l/m in  =  ga llon s  per m inute ; ft =  fee t. N o te ; P e rm a fro s t restiic ts ava ilab ility  o f  g round  water, especia lly 
in ro ck s  o f  litt le  p e rm eab ility . Sou rces: R epo rts  o f  the U .S . G eo log ica l S u rvey , A la ska  Departm en t o f  E nv ironm en ta l C on se rv a tio n , and the 
A la ska  Departm en t o f  N a tu ra l Resources]

Table 2. Aquifer and well characteristics in Alaska

W e ll c h a ra c te r is t ic s

A q u i fe r n am e a n d d e s c r ip t io n

W a te r

w ith d ra w a ls
(Mgal/d)

D e p th  (ft) 

C om m o n 
ra n g e

Y ie ld  (g a l/m in ) 

C om m o n M ay
ra n g e  e x c ^ 'd

U nconso lid a ted  aqu ife rs : 
A llu v ia l and g lac ia l 
ou tw ash deposits . 
C on fin ed  to  uncon fin ed .

Bedrock aqu ife rs : Igneous 
m e tam orph ic , and  sed im entary 
ro ck s . G en e ra lly  uncon fin cd .

48 5 0 -2 0 0 5 - 1 0

100 -  400 5 0 - I,(XX) 3,000

5 0 -5 0 0 1 - 10 25

R em a rk s

In d iv id u a l p riva te -su f ,,iy  w ells 
in thin a llu v ium  o r  m ixed g lac ia l 
deposits.

M a jo r  supp ly  wells in th ick a llu v ium , 
g lac ia l ou tw ash deposits .
P ro v id es pub lic  supp ly  at A nchorage 
and Fa irb an ks , industria l supph 
fo r  Kcna i Pen in su la .

Sou rce fo r  most p riva te  wells in 
up land a reas, particu la .<y near 
Anchorage and  F a irb anks .

Unconsolidated Aquifers
T h e  g re a te s t v o lu m e  o f  g r o u n d  w a te r in  A la s k a  is s to re d  

in  a l lu v iu m  o f  r iv e r v a l le y s , in c lu d in g  f lo o d  p la in s , te rra c e s , 

a n d  a l lu v ia l fa n s o f  m a jo r v a lle y s a n d  sm a lle r m o u n ta in  a n d 

u p la n d  va lle y s . A l lu v ia l d e p o s its  in  th e  va lle y s o f  th e  Y u k o n , 

th e  T _ , ta n a , th e K u s k o k w im , th e  K o b u k , a n d  th e S u s itn a  

R iv e rs h a v e a la rg e  re c h a rg e p o te n t ia l because th e y a re c o n ­

ne c te d h y d ra u l ic a l ly  to  th e  e x te n s i le  s u r fa c e -w a te r s y s tem . In  

th e lo w e r T a n a n a  R iv e r b a s in , f o r  e x a m p le , th e  m a x im u m  

k n o w n  th ic k n e s s o f  a l lu v iu m  is 2 ,0 0 0  fee t ( f t )  (A n d e rs o n , 

1970), a n d  w e lls less th a n  200 f t  de e p m a y y ie ld  as m u c h  as

3 ,0 0 0 g a l lo n s  p e r m in u te  ^ a l /m in ) .

C o a s ta l b a s in s a n d  va lle y s a re f i l le d  b y g la c ia l t i l l a n d 

f in e -g ra in e d  g la c io la c u s t r in e  m a te r ia ls  th a t a rc  in te rb e d d e d  

w it h  m o re  p e rm e a b le , w a te r -w o rk e d  d e p o s its o f  sand a n d 

g ra v e l. T h e  la rg e s t a n d  b c s t- k n o w r g ro u n d -w a te r sys tem  o f  

th is  ty p e  is th a t o f  th e C o o k  In le t lo w la n d , p a r t ic u la r ly  in  th e 

K c n a i a n d  A n c h o ra g e  a re a s , w h e re  a l lu v iu m  o f  g la c ia l o u i -  

w ash o r ig in  th a t is c o n f in e d  b y g la c ia l , la c u s t r in e , a n d  e s tu a - 

r in e  d e p o s its  y ie ld s  as m u c h  as 1 ,500 g a l /m in  to  w e lls .

A l lu v iu m - f i l l e d  c o a s ta l v a lle y s a lo n g  th e  G u l f  o f  A la s k a  

(s u ch as th o se in  th e S ew a rd a re a ) a n d in  m o u n ta in o u s  

s o u th e a s te rn  A la s k a  (s u ch as th a t o f  th e M e n d e n h a ll R iv e r 

nea r J u n e a u ) p r o b a b ly  c o n  a in la rg e , b u t as ye t n o t f u l ly  

e x p lo re d  g r o u n d -w a te r s u p p lie s . H o w e v e r , f re s h w a te r a q u i­

fe rs in  these a reas m a y be co n n e c te d  h y d ra u l ic a l ly  to  th e 

o ce a n , a n d e x te n s iv e  g ro u n d -w a te r d e v e lo p m e n t p o te n t ia l ly  

c o u ld  cau se s a l tw a te r in t r u s io n .

B ecause m o s t g ro u n d -w a te r d e v e lo p m e n t in  A la s k a  is 

f r o m  u n c o n s o l id a te d  a q u ife rs , v i r t u a l ly  a l l a v a ila b le  w a te r - 

q u a l i t y  d a ta  a re f o r  th o s e  a q u ife rs . K n o w n  d is s o lv e d -s o lid s  

c o n c e n t ra t io n s  o f  w a te r f r o m  u n c o n s o l id a te d  a q u ife r s  ra n g e 

f r o m  a b o u t 25 m il l ig r a m s  p e r l i te r (m g / I . )  in  s h a llo w  s trc a m - 

ch n n n e l a l lu v iu m  to  6 4 ,0 0 0  m g / L  in  s h a l lo w  c o a s ta l w e lls , b u t 

m o s t s am p le d  g ro u n d  w a te r c o n ta in s  less th a n  250 m g / L  o f  

d is s o lv e d s o l id s  a n d  is s u ita b le  f o r  m o s t uses (F e u ln e r , C h i ld ­

e rs , a n d  N o rm a n , 1971 , p . 3 9 ). V e ry  m in e ra liz e d  g ro u n d  

w a te r o c c u rs  in  th e  C o p p e r R iv e r b a s in  ( r e p o r te d  d is s o lv e d - 

s o lid s c o n c e n t ra t io n s  o f  2 ,4 0 0  m g / L  in  a w e ll a n d  14 ,500 

m g / L  in  a s p r in g , b o th  n e a r G le n n a l le n ) a n d in  m a n y  p a r ts  o f  

th e c o n t in u o u s  p e rm a fr o s t z o n e ( f ig . 1). I r o n  is p re sen t in  

o b je c t io n a b le  c o n c e n t ra t io n s  (m o re  th a n  a b o u t 0 .3  m g / L  o f

i r o n  causes s ta in in g  o f  la u n d r y  a n d p lu m b in g  f ix tu r e s ) in  a 

la rg e p e rc e n ta g e o f  s h a llo w  w e lls in  m o s t a reas o f  th e S ta te . 

O th e r c o n s t i tu e n ts  th a t a re p re se n t lo c a l ly  in  u n d e s ira b le  

c o n c e n t ra t io n s  in c lu d e  n i t r a te  as n it ro g e n  (as m u c h  as 60 

m g / L )  a n d  a rs e n ic (as m u ch as 10 m g / L )  a t F a ir b a n k s  ( J o h n ­

son a n d  o th e rs , 1978 ).

Bedrock Aquifers
G la c ia l a n d a l lu v ia l d e p o s its a rc e i th e r v e ry  lo w  in  

p e rm e a b il i ty , t h in , o r absen t in  a p p ro x im a te ly  75 p e rc e n t o f  

A la s k a . In  su ch a re a s , a p p re c ia b le  a m o u n ts  o f  g r o u n d  w a te r 

a re p re s e n t o n ly  in  c o n s o lid a te d  ro c k s . C a rb o n a te  ro c k s  in  th e 

n o r th e a s te rn  B ro o k s  R ange in  n o r tn e rn  A la s k a  p ro v id e  e x te n ­

s iv e re s e rs o irs  f o r  g ro u n d  w a te r . In d iv id u a l s p r in g s  in  these 

ro c k s  d is c h a rg e  as m u c h  as 16 ,000 g a l /m in . S a n d s to n e  a n d 

a lte r n a t in g  s t ra ta  o f  sa n d , s i l t , a n d  c la y  a re w id e s p re a d  

th r o u g h o u t th e S ta te , b u t such ro c k s  ha v e b i " x n lo r e d  lo r  

w a te r o n ly  in  th e w e s te rn  K e n a i P e n in s u la  w ! p o o r

a q u ife rs  because o f  lo w  p e rm e a b il i ty . P r m o s t

in te n s iv e  d e v e lo p m e n t o f  b e d ro c k  a q u ife rs  is in  th e  u p la n d s  

nea r F a ir b a n k s  ( f r a c tu re d  s c h is t ) a n d in  a fe w  p la ce s in  

s o u th e a s te rn  A la s k a  T hese ro c k s  g e n e ra l ly  p ro v id e  o n ly  

m o d e s t a m o u n ts  o f  w a te r (w e ll y ie ld s o f  10 g a l /m in  o r less) 

th a t a rc a d e q u a te  f o r  s in g le  h o u s e h o ld  needs.

GROUND-WATER *'«THDRAW\LS AND 
WATER-LEVEL Thu

M u c h  o f  th e  g ro u n d -w a te r w ith d r a w a l in  A la s k a  o c c u rs  

w i t h in  th e m u n ic ip a l i t y  o f  A n c h o ra g e  ( lo c a t io n  4 , f ig . 2 ) , 

w h e re  m o re  th a n  o n e -h a l f o f  th e  S ta te ’ s p o p u la t io n  re s id e s . 

A b o u t 50 o th e r c o m m u n it ie s  re ly  s o le ly  o n  g r o u n d  w a te r fo r 

th e ir s u p p ly . T h e  o n ly  a reas o u ts id e  A n c h o ra g e  w i t h  la rg e - 

sca le g r o u n d -w a te r use a te  th e T a n a n a  R iv e r v a l le y  in  in te r io r 

A la s k a  ( lo c a t io n s  1, 2 , f ig . 2 ) , a n d  th e  in d u s t r ia l c o m p le x  o n 

th e K e n a i P e n in s u la  ( lo c a t io n  5 , f ig . 2 ).

T h e  w ith d r a w a l a n d  use o f  g ro u n d  w a te r a re in c re a s in g  

w ith  th e g ro w th  o f  p o p u la t io n  a n d c o n t in u in g  in d u s t r ia l a n d 

c o m m e rc ia l d e v e lo p m e n t . A n a ly s is  o f  o b s e rv a t io n -w e l l d a ta  

f r o m  th e A n th o r a g e , F a ir b a n k s , a n d  K e n a i a re a s , h o w e v e r , 

in d ic a te s  th a t pa s t a n d  p re sen t p u m p in g  has n o t re s u lte d  in  

su c h a d v e rs e e f fe c ts  as s a ltw a te r e n c ro a c hm e n t in  c o a s ta l a rea s 

o r excess ive d ra w d o w n .
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C on tinuou s p e rm a fro s t area 

J  D iscon tinuous p e rm a fro s t area 

 S ou th e rn  lim it o f  pe rm a fro s t area

□ U nconso lid a ted  a lluv ium  
and g lacia l outw ash

□ Igneous, sed im en ta ry , and 
metamor'phic b ed rock

<Sc>

F ig u re  1. P r in c ip a l a q u ife rs  in  A la s k a . A , G e o g ra p h ic  d is t r ib u t io n . 6 , G e o g ra p h ic  d is t r ib u t io n  o f p e rm a fro s t a re a s . (S ee ta b le  2 
fo r a m o re d e ta ile d  d e s c r ip t io n  o f th e  a q u ife rs . S o u rc e s : A , W a h rh a f t ig , 1965. 6, V\ ll ia m s , 1970 .)
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G RO UND -W ATER M A N A G EM E N T

T h e  A la s k a  W a te r U se A c t , A la s k a  S ta tu te s 

4 6 .1 5 .0 1 0 -2 7 0 , w as e n a c te d in  1966 to  re g u la te  a p p ro p r ia t io n  

an d use o f  w a te r in  th e S ta te . T h is  . . c t  g a v e s ta tu to r y  

d e f in i t io n  to  th e  d o c t r in e  o f  p r io r a p p r o p r ia t io n  ( f i r s t in  t im e , 

f i r s t in  r ig h t ) a u th o r iz e d  b y th e S la te  C o n s t i t u t io n . T h e  A c t 

a ls o e s ta b lis h e d a p ro c e d u re  f o r m a in ta in in g  e x is t '* ;  r ig h ts  
and p r e v id in g  n ew  r ig h ts  to  g ro u n d  a n d  s u r fa c e  w a te rs o f  

A la s k a . T h e  o r ig in a l re g u la t io n s  im p le m e n t in g  th e  W a te r U se 

A c t w e re am e n d e d e x te n s iv e ly  o n  D e cem b e r 2 9 , 1979 , a n d 

in c o rp o ra te d  as 11 A A C  93 , W a te r M a n a g em e n t . T h o s e  o f  

p a r t ic u la r in te re s t re la te  to  th e a p p r o p r ia t io n  o f  w a te r , a te r - 

w e ll s ta n d a rd s , a n d  te m p o ra r y  w a te r use . T h e  la te s t am e n d ­

m e n ts to  th e  A la s k a  W a te r U se A c t in c lu d e  le g is la t io n  re la t in g  

to  g e o th e rm a l d e v e lo p m e n t a n d re s e rv a t io n  o f  w a te r (A la s k a  

D e p a r tm e n t o f  N a tu ra l R esou rce s , 1981).

A la s k a 's  W a te r Q u a l i t y  S ta n d a rd s , e s ta b lis h e d  in  T i t le  

18, C h a p te r 70 o f  A la s k a  A d m in is t r a t iv e  C o d e , id e n t i f y  th e 

uses o f  th e S ta te ’ s w a te rs a n d set c r i te r ia , w h ic h  l im i t m a n - 

in d u c e d  p o l lu t io n , to  p ro te c t these w a te r uses. P ro c e d u re s a n d 

c r i te r ia  f o r c h a n g in g  th e id e n t i f ie d  uses o f  a w a te r b o d y  a re 

in c lu d e d  in  th e s ta n d a rd s  (A la s k a  D e p a r tm e n t o f  E n v i r o n m e n ­

ta l C o n s e rv a t io n , 1979).

T h e  A la s k a  D e p a r tm e n t o f  N a tu ra l R e so u rce s ( A D N R ) , 

D iv is io n  o f  G e o lo g ic a l a n d  G e o p h y s ic a l S u rv e y s (D G G S ) is 

the d e s ig n a te d S ta te  age n cy re s p o n s ib le  f o r  w a tc r - d a ta  c o l le c ­

t io n . T h e  D G G S , in  c o o p e ra t io n  w i t h  th e U .S . G e o lo g ic a l 

S u rv e y a n d  o th e r S ta le  a n d  F e d e ra l a ge n c ie s , has d e v e lo p e d 

and im p le m e n te d  an A la s k a n  W a te r R esou rce s E v a lu a t io n  

(A W A R E ) P la n  to  c o o rd in a te  w a te r - d a ta  c o l le c t io n  a n d w a te r 

re s o u rc e s tu d y  a c t iv i t ie s  in  th e S ta te  (U .S . G e o lo g ic a l S u rv e y 

a n d A la s k a  D e p a r tm e n t o f  N a tu ra l R e so u rce s , D iv is io n  o f  

G e o lo g ic a l a n d  G e o p h y s ic a l S u rv e y s , 1984).

T h e  A D N R ’ s D iv is io n  o f  F o re s t , L a n d  a n d W a te r M a n ­

a g em e n t, W a te r M a n a g em e n t S e c t io n , is re s p o n s ib le  f o r  p la n ­

n in g  a n d a d m in is te r in g  th e  a p p ro p r ia t io n  o f  w a te r in  th e 

S ta te , a n d  th e D e p a r tm e n t o f  E n v i r o n m e n ta l C o n s e rv a t io n  is 

re s p o n s ib le  f o r  im p le m e n ta t io n  o f  th e  p ro v is io n s  o f  A la s k a ’ s 

W a te r Q u a l i t y  S ta n d a rd s . F u tu re  d e v e lo p m e n t , p ro te c t io n , 

a n d c o n s e rv a t io n  o f  th e  S ta te ’ s w a te r re so u rce s d e p e n d o n  

these im p o r ta n t fu n c t io n s .

SE LEC TED RE FER ENC ES
A la ska  Departm ent o f  E n v ironm en ta l C on se rva tion , 1979 , W a te r 

qua lity  standards: 34 p.
A la ska  Departm en t o f  N a tu ra l Resources, 1981 , W a te r user's hand ­

b o o k : W a te r M anagem ent S ec tion , D iv is ion  o f  F o re s t, Land 
and W ate r M anagem ent, 48 p.

A nde rson , G . S . , 1970, H yd ro lo g ic  reconnaissance o f  the Tanana 
Basin , centra l A la sk a : U .S . G eo log ica l Su rvey H yd ro log ic  
Investigations A lla s  H A -3 1 9 .

B a ld ing , G . O . ,  1976, W a te r a v a i la b ility , q u a lity , and use in A la ska : 
U .S . G eo log ica l Su tvcy O pen -F ile  R ep o rt 7 6 -5 1 3 , 292 p.

Feu ln e r, A . J , ,  C h ild e rs , J . M ., and N o rm an , V . W . ,  1971, W ate r 
resources o f  A la ska : U .S . G eo lo g ica l Su rvey  O pen -F ile  R ep o rt ,
6 0  p .

J ohn son , P a u la , W ilc o x , D . E . ,  M o rg an , W . D . ,  M c rto , Joseph ine , 
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in g round  w ater, F a irb an ks  a rea , A la sk a : U .S . G eo log ica l 
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W ah rh a ft ig , C lyd e , 1965, Physiog raph ic  d iv isions o f  A la ska : U .S . 
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W illiam s , J . R . , 1970 , G ro u n d  w ater in the p e rm a fro s t reg ions o f  
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P r e p a r e d  b y  C h a r le s  E . S lo a n , P h i l ip  A . E m e ry , a n d C h e s te r Z e n o n e
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3

4

5
6 
7 

B 
9

10 
11 
12

ISS5 1975 1985

18

19

20 
21 
22 
23'

24

25

26 

27

1965 1975 I9B5

4 Alluvial and glacial 
outwash aquifer

Confined

issing
record

2 Alluvial and gtaciaf- 
outwash aquifer

Unconfined

Missing
record

Ground-water withdrawals, 1980 
(million gallons per day)

O  2.0 -  5

O  5.1 -  10

( 2 )  10.1 -  15

Location number 
2

O Withdrawal site

WITHDRAWAL SITES
Geograph ic 

map area
A q u ife r P rinc ipa l

uses

1 F a ir b a n k s ..............
2 E ie ls u n ......................
3 Clear .........................4 A n ch o ra g e ..............
5 K e n a i.........................
6 Juneau ......................

A llu v ia l and glac ia l-ou tw ash . . . Pub lic supp ly . 
Indus tria l.

Do.
Pub lic supp ly . 
Indus tria l. 
Rura l supp ly .

F ig u re  2. A re a l d is t r ib u t io n  o f m a jo r g ro u n d -w a te r w ith d r a w a ls  a n d  g ra p h s  o f a n n u a l g re a te s t d e p th  to  w a te r in  s e le c te d  w e lls  in 
A la s k a . (S o u rc e s : W ith d ra w a l a n d  w a te r - le v e l d a ta  f ro m  U .S . G e o lo g ic a l S u rv e y f ile s . )
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C o p p a r  C e n t e r ,  Alaska 88373 
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N*'. ■ oiii l-'awkme, D i r e c t o r
91 o t e o f PI s k a

Departmerit of N a t u r a l  Re-sources 
D . v .. j .„.r, i_. i .A^d arc? W a t e r  h a n a  cmerit 
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miTi.-. ‘ »or <-ire. Cl •i e ra ^*85

qr . \ i r • : to 3‘ - f y
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.. j. «....‘ L IlK'r i i• t e r e s ts  w'- .c1- A

. a i o n g  ivivi •■aps of t h e  A e t n a  
ev ail w a t e r b o d i e s  o r  p o r t i o n s

Sir-,t C
■: . ‘7 0  3 r v, > ; i. ,--1 ;■ r' r a n y  d e t e r m i n a t  i o n  r e g a r d i n o  t n e

tty •_ ri r. !.i i* ;*pr i r, f.m w i t h t r.e k- s c »•- o t i o n f t tn= C o

V ' tr ']■ C> >■ 3 tr r' .

j  r  3 r  a  “
d the

J 1 t rr ■ • .-i - ,  • j i-

. :. . s e r ... e ;,r

I - y Wt-Vi?! ,'OC i es 1 or puol : r ac or-f
■ - ■ . ■ i - r w . y v.r c : ast i y, 3 I e t he  St at <? or

"r: es for -public:- ape r e c r e a t i o n a l
 ........ -c-r it h a s  e r r o n e o u s l y  t a k e n  t h o  :a-a f-at fin*

s-'Jcb. A tr.f, Inc.. at t iis t i m e  h a s  not 
"  ’ ; rater par t oi its I ann e . t he r e f  c-re. Aht r e .

  : • v-f c.r e n.„. i’-jvs s  wstsr's w i t h i n  o u r  r ? o i o n  ws
-.O .• >. r-er.-t • o n  of t h e  C o p p e r  a n d  Chi t i n e  R:.vsrs only! F o r  y o u r

'■V . - 1 ’. 1* • it V 1 j 1 i ~e o r  r* O .z i r i a !
c f P ’ a k a i rJ c-:- res t s .■ ■■r os t . e

r'lC. • ,-vo. r v.in.5 o I  v z-n t o e  in = .-.f

h?Vi? core? r e s e a r c h  into t h i s  s u b j e c t  a n d  ever, to 
r - * *•'•5 .!r r i g".t? in o-ourt.

; . .... I- . .• a i j  .1 . i k bj
r. y w<=• y if r v i.i r j e- ?

i nt?s-e^ ■•'•'‘O i-it-ij upon, without justification,
cncr-.-^c-imc-nts, in dealing with the State to name a few (excluding 
rc-.v . : so: ) i ty) . are as follows: ft) Subsistence: B) R. S. £^77’s ; £) 
vat i vc- Sovereignty: D) P. L. £80; and E) Native allotments, ere. " W 
totally disagree with your definition of navigability and see it as 

y y ctn excuse to win back (lands) what was taken when fiNCSft was 
passed. In actuality, the only people who had a right of ownership 
t ie Icir'ids were the Pilc*skcH Natives.


