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INTRODUCTION 

The participation of hydraulic energy in total •world production 
of conmercial and electric energy 

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

c o m m e r c i a l e n e r g y d u r i n g t h e l a s t t w e n t y y e a r s , a n d o f t h e i r c o n t r i b u t i o n 

t o e l e c t r i c i t y p r o d u c t i o n i n t h e p r i n c i p a l r e g i o n s o f t h e w o r l d — e s p e c i a l l y 

L a t i n A m e r i c a p a v e s t h e w a y f o r a n o b j e c t i v e a p p r a i s a l o f t h e i m p o r t a n c e 

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

T a b l e 1 s h o w s t h a t , i n a l l t h e . r e g i o n s i n d i c a t e d , h y d r o e l e c t r i c 

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

c o n m e r c i a l e n e r g y b u t l a g g i n g b e h i n d t o t a l e l e c t r i c i t y p r o d u c t i o n , a s w i l l 

b e . s e e n i n g r e a t e r d e t a i l l a t e r . W i t h o u t d w e l l i n g o n a s p e c t s w h i c h a r e 

d e a l t w i t h a t l e n g t h i n a n o t h e r E C L A s t u d y , ^ m e n t i o n s h o u l d b e m a d e o f . 

t h e r a p i d r a t e a t w h i c h c o m m e r c i a l a n d h y d r a u l i c e n e r g y a r e d e v e l o p i n g i n 

L a t i n A m e r i c a , 

W h i l e t h e c o n s u m p t i o n o f c o m m e r c i a l e n e r g y in 1 9 5 9 a m o u n t e d t o 2 , 7 5 0 

m i l l i o n t o n s o f p e t r o l e u m e q u i v a l e n t f o r t h e w h o l e w o r l d , a t a c u m u l a t i v e 

a n n u a l r a t e o f g r o w t h o f 5 » 5 p e r c e n t - t h e a v e r a g e f o r t h e l a s t d e c a d e 

d e m a n d i n L a t i n A m e r i c a r e a c h e d 8 U m i l l i o n t o n s w i t h a g r o w t h r a t e o f 7 . 6 

p e r c e n t . I n ' t h e U n i t e d S t a t e s a n d W e s t e r n E u r o p e , d e m a n d w a s 9 3 7 a n d 5 5 6 

m i l l i o n t o n s o f p e t r o l e u m e q u i v a l e n t r e s p e c t i v e l y , a n d e x p a n d e d a n n u a l l y , 

a t t h e r a t e s o f 3 . 5 a n d 3 , 8 p e r c e n t . 

D u r i n g t h e s a m e t w o d e c a d e s , t h e u s e o f h y d r a u l i c e n e r g y t o c o v e r 

t h e a b o v e - m e n t i o n e d r e q u i r e m e n t s i n c r e a s e d n o t o n l y i n a b s o l u t e b u t a l s o 

i n r e l a t i v e t e r m s , a s m a y b e s e e n f r o m t a b l e 2 . 

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

p r o g r e s s e d i n t h e r e g i o n s i n d i c a t e d , t h e p e r c e n t a g e c o n t r i b u t i o n o f 

h y d r a u l i c e n e r g y a l s o c h a n g e d i n d i f f e r e n t d e g r e e s . I t w a s h i g h e s t 

- n e a r l y 2 9 p e r c e n t - f o r t h e g r o u p o f c o u n t r i e s c o m p o s e d b y A u s t r a l i a , 

1/ Present status and recent development of electric energy in Latin 
America (ST/ECLA/C0NF.7/L.1.0lV. 

/Table 1 
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T a b l e 1 

C U M U L A T I V E A N N U A L R A T E S O F G R O W T H O F H Y D R O E L E C T R I C I T Y , T O T A L 
E L E C T R I C I T Y A M ) C O M M E R C I A L E N E R G Y , a / 1 9 3 7 - 5 3 

( P e r c e n t a g e ) 

C o m m e r c i a l T o t a l H y d r o -
e n e r g y e l e c t r i c i t y e l e c t r i c i t y 

L a t i n A m e r i c a 6 . 3 8 . 2 7 . 7 
W e s t e r n E u r o p e 1 . 9 6 . 0 5 . 6 

E a s t e r n E u r o p e 5 . 2 8 . 4 1 0 . 0 

U n i t e d S t a t e s 3 - 0 9 . 0 5 . 9 
O t h e r d e v e l o p e d c o u n t r i e s b / 3 . 7 5 . 9 5 . 5 
R e s t o f t h e w o r l d 7 . 6 9 . 0 6 . 1 

W o r l d t o t a l 3 . 6 7 . 5 6 . 0 

Sources EGL<a9 on the basis of direct information for Latin A m e r i c a , and 
on United Nations, Statistical P a p e r s , S e r i e s J . 1 / 3 f o r o t h e r 
r e g i o n s a n d c o u n t r i e s e 

&/ Ceramercial e n e r g y c o m p r i s e s p e t r o l e u m - i n c l u d i n g n a t u r a l g a s a n d i t s 
d e r i v a t i v e s , m i n e r a l c o a l a n d h y d r © e l e c t r i c i t y . H y d r o s l e c t r i c i t y h a s 
b e e n e v a l u a t e d b y t h e a m o u n t o f p e t r o l e u m ( a t 1 0 7 0 0 k C a l / k g ) t h a t 
w o u l d b e n e e d e d to p r o d u c e t h e s a m e a m o u n t o f e l e c t r i c i t y , d u e a c c o u n t 
b e i n g t a k e n o f t h e a v e r a g e y i e l d s o f t h e r m o e l e c t r i c p l a n t s . F o r f u r t h e r 
d e t a i l s s e e P r e s e n t s t a t u s a n d r e c e n t d e v e l o p m e n t o f e l e c t r i c e n e r g y 
i n L a t i n A m e r i c a , o p . c i t . 

b / A u s t r a l i a Canada, J a p a n , New Z e a l a n d a n d t h e U n i o n o f S o u t h A f r i c a . 

/Table 2 
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Table 2 
P A R T I C I P A T I O N O P H Y D R O E L E C T R I C I T X I N C O M M E R C I A L E N E R G Y 

C O N S U M P T I O N 

( P e r c e n t a g e ) 

1 9 3 7 1 9 4 9 1 9 5 5 1 9 5 8 

L a t i n A m e r i c a 1 3 . 5 1 3 . 6 1 2 . 7 1 4 . 0 

W e s t e r n E u r o p e 7 . 6 9 . 7 1 1 . 6 1 3 . 4 

E a s t e r n E u r o p e 1 . 6 1 . 4 2 . 3 3 . 4 

U n i t e d S t a t e s 4 . 1 5 . 4 5 . 3 6 . 2 

O t h e r d e v e l o p e d c o u n t r i e s s j 2 4 . 0 2 6 . 6 2 7 . 4 2 8 . 8 

R e s t o f t h e w o r l d 5 . 3 7 . 0 3 . 0 3 . 3 

W o r l d t o t a l 6 . 6 7 . 5 " 8 . 0 8 . 9 

S o u r c e : E C L A , o n t h e b a s i s o f d i r e c t i n f o r m a t i o n f o r L a t i n A m e r i c a , a n d 
o n U n i t e d N a t i o n s , S t a t i s t i c a l P a p e r s , S e r i e s J . 1 / 3 f o r o t h e r 
r e g i o n s a n d c o u n t r i e s . 

/ C a n a d a , J a p a n , 
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C a n a d a , J a p a n , N e w Z e a l a n d a n d t h e U n i o n o f S o u t h A f r i c a , a n d a t l o w e s t 

- 3 , 3 p e r c e n t - f o r t h e l e s s - d e v e l o p e d c o u n t r i e s , e x c l u d i n g t h o s e o f 

L a t i n A m e r i c a . 

A p a r t f r o m t h e f o r m e r g r o u p o f c o u n t r i e s , i n w h i c h h y d r a u l i c e n e r g y 

s u p p l i e s m o r e t h a n a q u a r t e r o f t h e c o m m e r c i a l energy r e q u i r e d t o s a t i s f y 

c o n s u m p t i o n , i t s c o n t r i b u t i o n i s g r e a t e s t i n L a t i n A m e r i c a a n d W e s t e r n 

E u r o p e , w h e r e i t a m o u n t s t o a n e i g h t h o f t h e t o t a l « 

T h e r e l a t i v e r e d u c t i o n i n t h e p a r t p l a y e d b y h y d r o e l e c t r i c p o w e r i n 

L a t i n A m e r i c a i n 1 9 5 5 , w h i c h i s o b s e r v a b l e f r o m t a b l e s 2 a n d 3 , w a s m a i n l y 

d u e t o t h e f a c t t h a t t h e p u b l i c u t i l i t y s y s t e m s i n B r a z i l , i n s p i t e o f 

h a v i n g s e v e r a l h y d r a u l i c u n i t s i n p r o c e s s o f i n s t a l l a t i o n a t P e i x o t o s , 

C u b a t a o , N i l o P e $ a n h a a n d S a l t o G r a n d e , d i d n o t e n t e r o p e r a t i o n u n t i l 

1 9 5 6 . 

T h e s h a r e o f h y d r a u l i c e n e r g y i n w o r l d e l e c t r i c t y p r o d u c t i o n m a y 

be studied in table 3 , w h i c h c o v e r s t h e s a m e r e g i o n s a n d y e a r s as table 2 . 

I n c o n t r a s t t o t h e t r e n d o f e v e n t s o b s e r v e d i n t h e p r o d u c t i o n o f 

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

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

i n a b s o l u t e t e r m s . T h i s c o n t r a c t i o n i s d u e t o t h e m o r e r a p i d d e v e l o p m e n t 

o f e l e c t r i c i t y i n r e c e n t d e c a d e s w h i c h , f r o m c o n s t i t u t i n g 1 7 p e r c e n t o f 

w o r l d c o m m e r c i a l e n e r g y c o n s u m p t i o n i n 1 9 3 7 , e x p a n d e d t o 2 2 p e r c e n t i n 

1 9 4 9 a n d t o a b o u t 3 5 p e r c e n t i n 1 9 5 8 , w i t h o u t a n y a p p a r e n t p a u s e i n i t s 

u p w a r d c l i m b $ 

T h e o n l y r e g i o n s w h e r e h y d r o e l e c t r i c p o w e r i n c r e a s e d i t s p a r t i c i p a t i o n 

i n e l e c t r i c i t y p r o d u c t i o n d u r i n g t h e l a s t t w o d e c a d e s w e r e E a s t e r n E u r o p e 

( m a i n l y b e c a u s e o f p r o g r e s s i n t h e U S S R ) a n d , t o a l e s s e r e x t e n t , L a t i n 

A m e r i c a . 

T o g e t h e r w i t h t h e g r o u p o f h i g h l y - d e v e l o p e d c o u n t r i e s c o n s i s t i n g o f 

A u s t r a l i a , C a n a d a , J a p a n , N e w Z e a l a n d a n d H i e U n i o n o f S o u t h A f r i c a , t h e 

L a t i n A m e r i c a n r e g i o n a n d E a s t e r n E u r o p e u s e d w a t e r r e s o u r c e s m o r e e x t e n -

s i v e l y i n t h e i r t o t a l e l e c t r i c i t y p r o d u c t i o n ( i n p r o p o r t i o n s o f 7 0 , 5 2 a n d 

4 1 p o r c e n t r e s p e c t i v e l y ) , w h i l e t h e w o r l d a v e r a g e w a s 3 2 p e r c o a t . 

2 / P r e s e n t s t a t u s a n d r e c e n t d e v e l o p m e n t o f e l e c t r i c e n e r g y i n L a t i n 
A m e r i c a , o p c i t . 

/ T a b l e 3 » ' 



ST/ECLA/CONF . 7/L® 3 «o 
Page, 9- , 

Table 3 

P A R T I C I P A T I O N O F H T D R O E L E C T R I C I T Y I N T O T A L E L E C T R I C I T Y 
P R O D U C T I O N a / 

( P e r c e n t a g e ) 

1 9 3 7 1 9 4 9 1 9 5 5 1 9 5 8 

L a t i n A m e r i c a 5O.9 5 2 . 1 4 9 . 8 5 2 . 0 

W e s t e r n E u r o p e 4 4 . 5 4 1 . 9 4 1 . 0 4 1 . 3 

E a s t e r n E u r o p e 1 1 . 5 9 . 7 1 1 . 2 1 5 . 8 

U n i t e d S t a t e s 3 7 . 0 3 0 . 8 1 9 . 0 2 0 . 2 

O t h e r d e v e l o p e d c o u n t r i e s b / 7 4 . 3 7 7 . 6 7 1 . 5 6 9 . 6 

R e s t o f t h e w o r l d 4 6 . 2 5 1 . 4 2 3 . 0 2 6 . 3 

W o r l d t o t a l 4 2 . 8 3 8 . 8 3 0 . 5 3 1 . 8 

S o u r c e ; E C L A , o n t h e b a s i s o f d i r e c t i n f o r m a t i o n f o r L a t i n A m e r i c a , a n d o n 
U n i t e d N a t i o n s , S t a t i s t i c a l P a p e r s , S e r i e s J . 1 / 3 f o r o t h e r r e g i o n s 
a n d c o u n t r i e s . 

a / C o m p r i s i n g p r o d u c t i o n f o r p u b l i c c o n s u m p t i o n a n d p r o d u c t i o n b y p r i v a t e 
s e r v i c e s f o r t h e i r o w n u s e . 

b / A u s t r a l i a , C a n a d a , J a p a n , N e w Z e a l a n d a n d t h e U n i o n o f S o u t h A f r i c a . 

/A summary 
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A s u n m a r y o f w o r l d h y d r o e l e c t r i c p r o d u c t i o n , w h i c h r e v e a l s t h e 

a c c e l e r a t e d d e v e l o p m e n t o f h y d r a u l i c resources i n t h e w o r l d a n d i n 

l a t i n A m e r i c a i n p a r t i c u l a r , i s g i v e n i n t a b l e 4 i n a b s o l u t e t e r m s « 

N e v e r t h e l e s s , i t m a y b e s a i d t h a t L a t i n A m e r i c a h a s b a r e l y s t a r t e d 

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

c o m e s f r o m t a b l e 5 , w h i c h s h o w s t h e a m o u n t o f h y d r o e l e c t r i c p o w e r t h a t 

w a s p r o d u c e d p e r u n i t o f a r e a i n 1 9 5 8 , ^ 

W h e n t h e t a b l e i s a n a l y s e d , i t i s i n t e r e s t i n g t o n o t e t h a t t h e L a t i n 

A m e r i c a a n d o t h e r l e s s d e v e l o p e d c o u n t r i e s a c c o u n t f o r o n l y 1 . 5 a n d 0 . 4 
2 ' 

m W h / k m , w h i l e t h e w o r l d a v e r a g e i s 4 * 5 , a n d t h e r e s p e c t i v e f i g u r e s f o r 

W e s t e r n a n d E a s t e r n E u r o p e a r e 2 1 . 1 a n d 1 3 . 8 m W h / k m . I t i s u n d e n i a b l e 

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

i n a c c o r d a n c e w i t h t o p o g r a p h y , p r e c i p i t a t i o n , e v a p o - t r a n s p i r a t i o n a n d 

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

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

a d v e r s e i n l a t i n A m e r i c a a s a w h o l e a s t o g i v e r i s e t o p o t e n t i a l s t h a t 

a r e e q u a l t o o n l y a t h i r d p a r t o f t h e w o r l d a v e r a g e , w h i c h i s t h e s t a t e 

o f d e v e l o p m e n t i n L a t i n A m e r i c a t o d a y . 

O n t h e c o n t r a r y , a n d d e s p i t e t h e f a c t t h a t t h e i n v e s t i g a t i o n s m a d e 

s o f a r i n t h i s f i e l d h a v e b e e n o n a s c a l e , i t m a y b e a c c e p t e d t h a t 

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

a v e r a g e a s i t s t a n d s a t p r e s e n t . H e n c e , i t i s o b v i o u s t h a t d e v e l o p m e n t 

o f h y d r a u l i c e n e r g y i n L a t i n A m e r i c a i s e x c e p t i o n a l l y l o w , a l t h o u g h t h i s 

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

O f t h e d i f f e r e n t g u i s e s i n w h i c h w a t e r w i l l h e l p i n t h e e c o n o m i c 

d e v e l o p m e n t o f t h e r e g i o n , n o t t h e l e a s t i m p o r t a n t w i l l b e i t s r o l e i n 

t h e p r o d u c t i o n o f e l e c t r i c e n e r g y . O n t h e o n e h a n d , t h e g r o w t h o f d e m a n d 

2 / I t s h o u l d b e r e m e m b e r e d t h a t a v a i l a b l e h e a d a n d f l o w a r e t h e p r i m e 
f a c t o r s d e t e r m i n i n g p o t e n t i a l i n e a c h h y d r o e l e c t r i c p l a n t . T h e f o r m e r 
i s a f u n c t i o n o f t h e t o p o g r a p h i c c o n d i t i o n s a n d t h e l a t t e r o f a n u m b e r 
o f e l e m e n t s , s u c h a s p r e c i p i t a t i o n , e v a p o r a t i o n , u n d e r g r o u n d i n f i l t r a t i o n , 
a n d t h e e x t e n s i o n o f t h e c a t c h m e n t a r e a u p t o t h e p o i n t u n d e r c o n s i d e r a t i o n . 
F o r t h i s r e a s o n , i t i s c u s t o m a r y , i n e v a l u a t i n g p o t e n t i a l a n d h y d r o -
e l e c t r i c u s e s , t o r e l a t e t h e m t o t h e u n i t o f a r e a . 

/Table 4 
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Table 4 

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

P r o d u c t i o n Rates of growth 
(percentage) 

1 9 3 7 1 9 4 9 1 9 5 5 1 9 5 8 1 9 3 7 / • 1 9 4 9 / -
1955 - X 9 5 V 

1 9 5 8 

Latin America 6 . 3 1 3 . 6 ' 2 1 . 1 2 9 . 8 6 . 6 7 . 6 1 2 . 1 

Western Europe 6 2 . 3 9 2 . 1 1 5 9 . 7 1 9 7 . 1 3 . 3 9 . 6 7 . 4 

Eastern Europe 7 . 0 1 1 . 0 2 7 . 3 5 1 . 7 3 . 9 1 6 . 5 2 3 * 7 

United States 4 4 . 0 9 0 . 0 1 2 0 . 4 1 4 7 . 0 6 . 1 5 . 0 6 . 9 

Other developed 
countries a/ 5 1 . 0 8 5 . 2 1 3 1 . 4 1 5 8 . 1 4 . 4 7 . 5 6 . 6 

Rest of the world 6 . 2 1 2 . 8 1 1 . 4 2 1 . 7 6 . 3 - 1 . 8 1 9 . 0 

Werld total 1 7 6 . 8 3 0 4 . 7 4 7 1 . 3 6 0 5 . 4 3 . 4 7 . 6 8 . 6 

Source; ECLA, on the basis o f direct information for Latin America, and on United 
Nations, Statistical Papers, Series J. 1/3 for other regions and countries, 

a/ Australia, Canada, Japan, New Zealand:and the Union of South Africa. 

/Table 5 
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Table 5 

H Y D R O E L E C T R I C I T Y P R O D U C T I O N P E R U N I T O F A R E A , 1 9 5 8 

M i l l i o n s M i l l i o n s o f 
o f n fWh s q u a r e ì à r th/ ìmZ 

k i l o m e t r e s 

L a t i n A m e r i c a 2 9 . 8 2 0 . 3 8 1 4 6 0 

W e s t e r n E u r o p e 1 9 7 . 1 9 . 3 6 2 1 0 5 0 

E a s t e r n E u r o p e 5 1 . 7 3 * 7 4 1 3 8 1 0 

U n i t e d S t a t e s 1 4 7 . 0 2 3 . 4 2 6 2 8 0 

O t h e r d e v e l o p e d c o u n t r i e s a / 1 5 8 . 1 1 9 . 5 4 8 1 0 0 

R e s t o f t h e w o r l d 2 1 , 7 5 8 . 9 3 3 7 0 

W o r l d t o t a l 6 0 5 . 4 1 3 5 . 3 7 4 4 7 0 

S o u r c e ; E C L A , o n t h e b a s i s o f d i r e c t i n f o r m a t i o n f o r L a t i n A m e r i c a , a n d e n 
U n i t e d N a t i o n s , S t a t i s t i c a l P a p e r s , S e r i e s J , 1 / 3 f o r o t t e r r e g i o n s 
a n d c o u n t r i e s . 

a / A u s t r a l i a , C a n a d a , J a p a n , N e w Z e a l a n d a n d t h e U n i o n o f S o u t h A f r i c a * 

/ f o r t h i s 
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f o r t h i s f o r m o f e n e r g y , w h i c h i s e x p e c t e d t o i n c r e a s e a t a r a t e o f 

b e t w e e n 7 t o 1 2 p e r c e n t a n n u a l l y ( d o u b l i n g o r t r e b l i n g i n IX ) y e a r s ® 

t i m e ) a c c o r d i n g t o t h e c o u n t r y i n q u e s t i o n , ^ a n d , o n t h e o t h e r , t h e 

w e a l t h o f h y d r a u l i c p o t e n t i a l , o n w h i c h l i t t l e i s k n o w n a s y e t , w i l l 

p r o v i d e a s o u n d e c o n o m i c b a s i s f o r m u l t i - p u r p o s e r i v e r d e v e l o p m e n t « 

F o r t h i s r e a s o n , i t i s b e c o m i n g i n c r e a s i n g l y n e c e s s a r y t o m a k e 

a p r o p e r e v a l u a t i o n o f t h e i n h e r e n t p o s s i b i l i t i e s o f t h e L a t i n A m e r i c a n 

r i v e r a n d l a k e s y s t e m s . 

T h e g e n e r a l r e v i e w o f f a c i l i t i e s f o r i n v e s t i g a t i n g w a t e r r e s o u r c e s 

f r o m t h e s t a n d p o i n t o f s t r e a m f l o w , w h i c h c o m p r i s e s t h e l a s t c h a p t e r a n d 

w a s s p e c i a l l y u n d e r t a k e n f o r t h e p u r p o s e s o f t h e s t u d y o n h y d r o e l e c t r i c 

p o t e n t i a l s , i s w h o l l y v a l i d a n d c a n b e u s e d a s a b a s i s f o r o t h e r a n a l y s e s , 

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

hJ E v a l u a t i o n o f f u t u r e d e m a n d i n L a t i n A m e r i c a ( S T / E C L A / C 0 N F . 7 / L . 1 . 1 1 ) . 

/ C h a p t e r I 
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Chapter I 
HIDRO-EIECTRIC RESOURCES: CONCEPTS AND METHODS OF EVALUATION 

1. General considerations 

Water is in limited supply on every continent and is of vital importance 
to mankind® It must therefore be used in the best interests of the 
community as a whole. While this becomes more essential everywhere as time 
goes on, it may even be a critical factor in son© areas and seriously 
curtail their prospects of economic development0 

The experience gained in many parts of the world with respect to the 
multiple-purpose development of rivers and basins and the evolution of the 
many theories on the subject have clarified a number of problems arising 
from optimum use of water. 

The Latin-American countries, with their vast territories and untapped 
water resources, thus have the opportunity to plan their development in the 
light of this fact, and they must do so. 

The following characteristics of a body of water must be determined 
before it can be equitably distributed among consumers and used to the 
best advantages on the one hand, the volume, quality, geographical 
distribution and rate of flow (within a hydrological year and from one 
year to another) and, on the other hand, the amount required for various 
purposes (drinking water, irrigation, power production, industry, naviga-
tion) as well as the benefits to be derived from regulating increases in 
the flow of water. 

It should be borne in mind that, hydro-electric potential does not 
only depend upon the volume of water available in the time unitj it also 
implies that changes in elevation must be considered as well as the rate 
of stream flow. Hence, the hydro-electric potential is proportional, to the 
product of these two factors. 

It should also be noted that the operation of a hydro-electric plant 
as a source of energy depends as much on the demand for electricity within 
the network or system to which it is attached as it does on the volume of 
water available in the basin on which it is located to supply all the 
water requirements for which it is intended. Hence, its method of operation 

/should combine 



ST/ECLA/CONF.7/L.3.0 
Page 16 

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

p o s s i b l e w a y . S p e c i f i c c a s e s a r i s i n g i n p r a c t i c e m a y c o v e r a w i d e r a n g e , 

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

s u c h p r o d u c t i o n i s m e r e l y t h e l e s s e r o f s e v e r a l u s e s t o w h i c h t h e w a t e r 

i s p u t . I n m o s t c a s e s t h e d e s i g n a n d a d m i n i s t r a t i o n o f a h y d r o - e l e c t r i c 

w o r k s w i l l p r o v i d e b o t h f o r e l e c t r i c p o w e r p r o d u c t i o n a n d t h e u s e o f t h e 

w a t e r f o r o t h e r p u r p o s e s , a l t h o u g h t h e o r d e r o f p r i o r i t y w i l l n o t b e t h e 

s a m e . 

I t i s t h e r e f o r e e s s e n t i a l t h a t t h e o r g a n s r e s p o n s i b l e f o r t h e d e v e l o p -

m e n t o f e l e c t r i c i t y s e r v i c e s a n d t h o s e c o n c e r n e d w i t h p l a n n i n g t h e m u l t i p l e -

p u r p o s e u s e o f w a t e r r e s o u r c e s s h o u l d w o r k i n c l o s e c o - o p e r a t i o n f o r t h e 

b e n e f i t o f t h e c o m m u n i t y a s a w h o l e . E x p e r i e n c e n e v e r t h e l e s s s h o w s t h a t 

a u t h o r i t i e s o f t e n g i v e h i g h p r i o r i t y a n d a d e q u a t e f u n d s f o r i n v e s t i g a t i o n 

o f a s p e c i f i c d e v e l o p m e n t w h i c h c a n b e c o m p l e t e d w i t h i n a s h o r t p e r i o d o f 

t i m e . T h e y a r e l e s s i n c l i n e d t o i n v e s t i n g e n e r a l r e s e a r c h a i m e d a t 

p l a n n i n g t h e o v e r a l l d e v e l o p m e n t o f a b a s i n o r r e g i o n , p a r t i c u l a r l y t h o s e 

i n v o l v i n g l o n g - t e r m m e a s u r e m e n t s . T h e s e s p e c i f i c p r o j e c t s o f t e n f a i l t o 

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

b e e n o b t a i n e d h a d m o r e t i n e b e e n t a k e n o v e r t h e m , a s a d v o c a t e d h e r e . 

D a t a e s s e n t i a l t o t h e p l a n n i n g o f s p e c i f i c h y d r o - e l e c t r i c p r o j e c t s 

s h o u l d b e d i v i d e d i n t o t w o t y p e s « i n f o r m a t i o n w h i c h c a n b e o b t a i n e d i n 

a r e l a t i v e l y s h o r t p e r i o d o f t i m e p r o v i d e d t h e n e c e s s a r y s t a f f a n d 

t e c h n i c a l e q u i p m e n t ( t o p o g r a p h i c a l m a p s , g e o l o g i c a l s u r v e y s , s o i l 

m e c h a n i c s , e t c . ) a r e a v a i l a b l e a n d t h e h y d r o l o g i c a l a n d h y d r o - m e t e o r o l o g i c a l 

d a t a r e q u i r i n g s e v e r a l y e a r s o f u n i n t e r r u p t e d o b s e r v a t i o n s . W i t h r e g a r d 

t o t h e l a t t e r , i t g e n e r a l l y t a k e s f r o m t w e n t y t o t h i r t y y e a r s b e f o r e 

m e a n s t a t i s t i c a l v a l u e s a r e o b t a i n e d w h i c h c a n b e c o n s i d e r e d r e l i a b l e 

f o r f u t u r e u s e a s m e a n a v e r a g e v a l u e s a p p l i c a b l e t o a s p e c i f i c a r e a ^ 

I t s h o u l d b e p o i n t e d o u t , h o w e v e r , t h a t i n m a n y c a s e s m u c h l e s s t i m e i s 

r e q u i r e d , p r o v i d e d t h e r e a r e a d e q u a t e c o r r e l a t i o n s b y w h i c h s t a t i s t i c s o n 

s t r e a m f l o w c a n b e e x t e n d e d w i t h i n a t o l e r a b l e m a r g i n o f e r r o r a n d , 

1 / S e e s E C A F E , F l o o d C o n t r o l S e r i e s . N o . 7 . M u l t i p l e P u r p o s e R i v e r 
B a s i n D e v e l o p m e n t . P a r t I , M a n u a l o f R i v e r B a s i n P l a n n i n g ; a n d 
E C A F E M e t h o d s o f A s s e s s m e n t o f H y d r o - E l e c t r i c P o t e n t i a l s . 
I & N R / S u b . l / H F W P / 1 , 

/ s e c o n d l y , i f 
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s e c o n d l y , i f t h e e c o n o m i c l o s s r e s u l t i n g f r o m t h i s l a c k o f a b s o l u t e 

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

h y d r o - e l e c t r i c p r o j e c t w e r e n o t c a r r i e d o u t . 

G e n e r a l l y s p e a k i n g , o v e r a l l d e v e l o p m e n t p l a n n i n g f o r a n e n t i r e b a s i n , 

i n v o l v i n g a s i t d o e s m a n y e x p e r t s i n v a r i o u s f i e l d s a n d d i v e r s i f i e d r e s e a r c h , 

m u s t p r o c e e d s l o w l y i n v i e w o f t h e s i z e o f t h e i n v e s t m e n t r e q u i r e d a n d t h e 

b e n e f i t s t o b e d e r i v e d . 

I n a n y c a s e , a g o o d k n o w l e d g e o f t h e g e o g r a p h i c a l d i s t r i b u t i o n o f 

w a t e r r e s o u r c e s a n d t h e i r s p e c i f i c f e a t u r e s , i n c l u d i n g a k n o w l e d g e o f t h e 

h y d r o - e l e c t r i c p o t e n t i a l , i s c l e a r l y a b a s i c r e q u i s i t e f o r r i v e r b a s i n 

d e v e l o p m e n t p l a n n i n g . F u l l k n o w l e d g e o f a c o u n t r y ' s h y d r o - e l e c t r i c 

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

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

( h y d r o - e l e c t r i c a n d t h e r m a l ) a n d t h e i r r e l a t i v e r o l e w i t h i n e a c h n e t w o r k , 

i n c l u d i n g t h e l i n e s o f i n t e r - c o n n e c t i o n a r i d t r a n s m i s s i o n . S i m i l a r l y , i f 

h y d r o - e l e c t r i c p o w e r c a n b e p r o d u c e d a t s u f f i c i e n t l y l o w c o s t , a v a l u a b l e 

b a s i c e l e m e n t w i l l h a v e b e e n p r o v i d e d f o r t h e l o c a t i o n o f c e r t a i n c h e m i c a l 

a n d m e t a l l u r g i c a l i n d u s t r i e s w h i c h r e q u i r e a l a r g e s u p p l y o f e l e c t r i c 

p o w e r . 

2 . D e f i n i t i o n s o f h y d r o - e l e c t r i c p o t e n t i a l s 

T h e U n i t e d N a t i o n s s p e c i a l i z e d a g e n c i e s , a n d p a r t i c u l a r l y t h e 

E c o n o m i c C o m m i s s i o n f o r E u r o p e a n d t h e E c o n o m i c C o m m i s s i o n f o r A s i a a n d 

t h e F a r E a s t , h a v e c a r r i e d o u t s t u d i e s f o r t h e p u r p o s e o f l a y i n g d o w n 

r u l e s g o v e r n i n g t h e u n i f o r m e v a l u a t i o n o f h y d r a u l i c p o t e n t i a l s a t v a r i o u s 

l e v e l s , b a s e d o n a v a i l a b l e d a t a . O n l y t h u s c a n v a l i d i n t e r n a t i o n a l o r 

i n t e r - r e g i o n a l c o m p a r i s o n s b e m a d e . ^ 

T h e p r e s e n t p o s i t i o n , w h i l e a l r e a d y d i s c u s s e d a t l e n g t h , i s s u m m a r i z e d 

b e l o w s i m p l y f o r t h e p u r p o s e o f c l a r i f y i n g a n d e m p h a s i z i n g s o m e p r a c t i c a l 

2 / . S e e : E c o n o m i c C o m m i s s i o n f o r E u r o p e . , , H y d r o - e l e c t r i c p o t e n t i a l i n 
E u r o p e a n d i t s g r o s s , t e c h n i c a l a n d e c o n o m i c l i m i t s ( E / E C E / E P / 1 3 1 ) . 
E c o n o m i c C o m m i s s i o n f o r A s i a a n d t h é F a r E a s t , R e p o r t o f t h e w o r k i n g 
p a r t y o n a s s e s s m e n t o f h y d r o e l e c t r i c p o t e n t i a l t o t h e s u b - c o n r a i t t e e 
o n e l e c t r i c p o w e r ( E / C N . l l / I & N R / S u b . 1 / 2 ) a n d M e t h o d s o f A s s e s s m e n t 
o f H y d r o - E l e c t r i c P o t e n t i a l s ( I & N R / S u b . l / H P N P / 1 ) . 

/ a s p e c t s o f 
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a s p e c t s o f i m m e d i a t e i n t e r e s t t o t h e a r e a . A t t h e s a m e t i m e , a f e w 

s p e c i f i c s u g g e s t i o n s a r e o f f e r e d . 

Two definitions of potentials are of particular interest to overall 
hydro-electric evaluations« 

( a ) T h e t h e o r e t i c a l p o t e n t i a l ( s o m e t i m e s c a l l e d t h e g r o s s p o t e n t i a l ) 

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

o f a b a s i n o r r i v e r s y s t e m i n t h e i r n a t u r a l s t a t e , t h a t i s t o s a y w i t h o u t 

a n y a l t e r a t i o n s p r o d u c e d b y w o r k s b u i l t t o g e n e r a t e t h a t e n e r g y . I t i s 

c o n s i d e r e d t h a t a l l w a t e r a t a n e l e v a t i o n a b o v e s e a l e v e l i s s u s c e p t i b l e 

o f p r o d u c i n g e l e c t r i c p o w e r , w i t h a 1 0 0 p e r c e n t o u t p u t , 

( b ) T h e e x p l o i t a b l e p o t e n t i a l ( a l s o c a l l e d " t e c h n i c a l p o t e n t i a l " o r 

" p r a c t i c a l p o t e n t i a l " ) m e a s u r e s resources b y e x i s t i n g p o w e r p l a n t s a n d 

t h o s e c a p a b l e o f b e i n g i n s t a l l e d a t a g i v e n m o m e n t b y c o n v e n t i o n a l t e c h n i c a l 

m e t h o d s f o r t h i s t y p e o f s t r u c t u r e o r w i t h p r e s e n t t e c h n i q u e s , s e t t i n g a 

c e i l i n g t o t h e c o s t o f i n s t a l l e d k W , T h e c o n c e p t o f t e c h n i c a l l y e x p l o i t a b l e 

p o t e n t i a l m a y s e e m v e r y v a g u e i f n o c o s t l i m i t i s s e t . I n f a c t , i f a n y 

c o n s t r u c t i o n i s c o n s i d e r e d p h y s i c a l l y r e a l i z a b l e ( e x c l u d i n g t h e c o s t 

f a c t o r ) t h e e x p l o i t a b l e p o t e n t i a l , o r p o t e n t i a l t h a t c a n t e c h n i c a l l y b e 

a c h i e v e d , i s c l o s e t o t h e t h e o r e t i c a l p o t e n t i a l . 

I t s h o u l d b o p o i n t e d o u t t h a t t h e t h e o r e t i c a l p o t e n t i a l , a s d e f i n e d 

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

i n d e p e n d e n t o f t h e a t t i t u d e o f m a n , ^ u n l i k e t h e e v a l u a t i o n s l i n k e d t o 

development, either technical or economically achievable. 
T h e o r e t i c a l p o t e n t i a l s h o u l d b e d i v i d e d i n t o t w o p a r t s « 

( i ) T h e g r o s s r u n - o f f p o t e n t i a l w h i c h m e a s u r e s t h e t h e o r e t i c a l a n n u a l 
2 

o u t p u t o f e n e r g y ( o r r e s p e c t i v e m e a n p o t e n t i a l ) b y u n i t o f a r e a ( W r i h / k m o r 
2 

k W / k m ) c o r r e s p o n d i n g t o t h e w a t e r o f a b a s i n o r r e g i o n , n e g l e c t i n g t h e 

l o s s e s o f w a t e r , a n d m e a s u r e d b y e a c h u n i t o f s u r f a c e w i t h i t s a l t i t u d e 

a b o v e s e a l e v e l i n i t s i n i t i a l r u n - o f f . 

J / N o t i n c l u d i n g c h a n g e s i n t h e r a i n p a t t e r n w h i c h m a y b e p r o d u c e d b y 
t h e m e t h o d o f " a r t i f i c i a l r a i n f a l l " ( i n c r e a s e i n m o i s t u r e n u c l e i b y 
s u c h a g e n t s a s v a p o u r s o f s i l v e r i o d i d e ) . I t s h o u l d b e p o i n t e d o u t 
t h a t t h e e v a l u a t i o n o f t h i s p o t e n t i a l m u s t d i s r e g a r d t h e t r a n s f e r 
o f w a t e r f r o m o n e b a s i n t o a n o t h e r . 

/ R a i n w a t e r 
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Rain water falling on an area, it should be remembered, is divided 
into three parts which follow one of the three processes set out below: 

1, Evaporation or transpiration from vegetation; 
20 Surface run-off; 
3. Infiltration with underground run-off. 
The gross surface potential of a basin should preferably be estimated 

by "surface run-off" provided that there is adequate hydrological data or 
enough general information on which to base an adequate indirect assessment 
of the run-off coefficient (relation of volume of run-off to volume of 
precipitation). 

If this cannot be done, the volume of precipitation (excluding losses) 
can be used to calculate the gross potential. 

As very different results are achieved, depending upon the method used 
(by using the first method the estimated potential may be anywhere from 
20 to 80 per cent of the figure obtained by the second method), every 
estimate of this type of potential should include! (a) the uniform 
application of one method for the entire project; (b) a clear indication 
of the method used, together with the specific values. (For more details, 
consult the UN, ECE and EGAFE documents referred to). 

(ii) The gross river potential - on river beds - which measures the 
mean potential (or annual energy) along the course of each waterway and 
thus gives the kW (or annual kWh) for the whole river or for each unit 
of length. 

The criticism levelled at theoretical potentials, namely that they 
are of no practical value because they only constitute unattainable upper 
limits, is valid if the problem is only considered from that point of view. 
However, once this fact has been recognized, they nevertheless serve some 
purpose in the overall approach to the problem. In fact, such limits 
should be considered unchangeable yardsticks against which actual progress 
achieved in a country or region can be measured. The same practical 
purpose can be served by the theoretical limit of thermo-dynamic 
efficiency (also unattainable) in the steam eycle. 

Similarly, within the exploitable or technical potential a fraction 
is usually separated under the name of economic potential to define the 

/potential that 
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potential that can be used on a short"or medium term basis within 
the framework of the general economic development of the country-
concerned. In relation to the technically exploitable potential, the 
economic potential excludes that part of the development or portion 
of annual production which, in the event of insoluble conflicts with 
other water uses, do not have any priority over them when an integral 
analysis is made. It also excludes those incapable of supplying the 
same category of power (load factor, reliability of service, etc») at 
a cost equal or less than that obtainable from other sources of electric 

y 
power.-3' 

In addition to hydrological and topographical data (to which 
theoretical potentials are limited) the concept of exploitable poten-
tial requires detailed information on geological conformation (including 
background data on soil mechanics). Moreover, economic potential calls 
for research into the characteristic features of each particular case 
as it relates to the most proper use of water resources for the com-
munity and provision of its power requirements at minimum cost. 

3» Difficulties in methods of evaluation 

Estimates of the hydro-electric potential of river basins, and 
countries, linked always to development sites considered economically 
exploitable, have for some time now been made in various parts of the 
world. 

If the results of separate estimates on the same country or river 
system are compared, they will be found to differ widely, the most recent 

I J T h e c o s t o f h y d r o - e l e c t r i c p o w e r , w h e n u s e d f o r m u l t i p l e p u r p o s e s , 
o b v i o u s l y m u s t b e d e t e r m i n e d a f t e r a j u d i c i o u s d i s t r i b u t i o n o f 
i n v e s t m e n t a m o n g t h e s e v e r a l c o n s u m e r s . I t i s e q u a l l y o b v i o u s 
t h a t i n e a c h s p e c i f i c c a s e t h e d e l a y b e f o r e t h e p l a n t b e g i n s t o 
o p e r a t e a n d t h e f o r e i g n e x c h a n g e i n v e s t m e n t a r e f a c t o r s w h i c h 
m u s t b e b o r n e i n m i n d . 

/estimates being 
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e s t i m a t e s b e i n g f r e q u e n t l y t h e h i g h e s t . - ^ T h e e x p l a n a t i o n f o r t h e s e 

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

1» Lack of hydrological and geomorphological data. 
2. Lack of uniform evaluation criteria. 
3 . E v o l u t i o n o f c o n s t r u c t i o n t e c h n i q u e s a n d m e t h o d s . 

P r o p e r i n v e s t i g a t i o n o f a r i v e r o r l a k e s y s t e m c a l l s f o r t h e e s t a b l i s h -

m e n t o f m e a s u r e m e n t u n i t s a l o n g t h e m a i n w a t e r w a y s a n d t h e i n s t a l l a t i o n o f 

f l o w m e t e r a n d h y d r o - m e t e o r o l o g i c a l s t a t i o n s b y w h i c h t h e f l o w a t k e y p o i n t s 

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

t o b a s i c p l u r o d o n e t e r s t a t i o n s m u s t a t l e a s t p r o v i d e m e a s u r e m e n t s c o v e r i n g 

a p e r i o d o f s e v e r a l d e c a d e s , w i t h a m i n i m u m o f 1 5 y e a r s f o r t h e f l o w m e t e r s 

i n o r d e r t o e s t a b l i s h a c o r r e l a t i o n w i t h t h e f o r m e r b y w h i c h t h e s t a t i s t i c a l 

s e r i e s c a r i b e e x t e n d e d t o 2 0 o r m o r e y e a r s ( p r e f e r a b l y o v e r 3 0 ) b e f o r e t h e 

f i n a l p l a n s f o r h y d r o - e l e c t r i c d e v e l o p m e n t a r e c a r r i e d o u t . T h e d i f f i c u l t y 

5j There are numerous cases in Latin America, among which the following 
may be mentioned: 
(i) Argentina, with estimates of 6.5, 7, 11, 13 and 20 million kW 

within a period of not more than ten years (Guillermo A. Mazza, 
paper submitted at the Madrid Sectional Meeting of the World 
Power Conference held on 9 June I960), 

(ii) Colombia, with an estimated power potential of slightly over 
4 million kW up to 1954. Very broad estimates on the subject 
made by Electricity de France and Gibbs & Hill Inc. (1955) 
now place the figure at 40 million kW. 

(iii) Venezuela, with a potential previously estimated at 3.2 million 
kW up to 1955, is now considered to have a potential of 16 
million kW following studies and research carried out mainly 
on the Caron! River. 

The following cases can be mentioned for Europe: 
(i) Switzerland, with estimates of 15, 20 and 27 million iriWh in 

1914, 1934 and 1946 respectively, for annual technically 
exploitable energy. 

(ii) Sweden, with 40, 50 and 80 million mWh in 1938, 1952 and 
1955, also for technically exploitable power. (E/ECE/EP/131) 
Hydro-electric Potential in Europe and its Gross. Technical 
and Economic Limits, and A. J. Dilloway "Comparative Study of 
Hydro-electrical Resources as Exemplified by European Experience 
- paper submitted to the World Power Conference - 9 June I960). 

/of obtaining 
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of obtaining the above statistics will be more clearly appreciated if it 
is pointed out that very often a high percentage of the hydrometrical 
stations required have to be maintained over a period of years in remote 
areas difficult to reach. In Latin America the sites must range from 
high mountain zones to wooded areas with a tropical climate. 

(to the other hand, changes in elevation along rivers are difficult 
to measure mainly because of their inaccessibility, there being few roads 
over which they can be reached. However, general estimates of hydro-
electric potential can now be made and civil engineering projects planned 
by means of aerophotogrammetry, which has become an efficient and rapid 
method of obtaining the necessary preliminary data, except perhaps in 
very densely wooded areas. 

It should be pointed out that the data provided by the type of 
investigation mentioned above merely covers "volume of flow11 and "head", 
to the product of which the theoretical potential of a waterway is pro-
portionally related; it does not provide other information which is 
essential to the definition of the exploitable or economic potential of 
a site, such as data relating to geological characteristics, soil mechanics, 
volume of flow regulation, the complementary or conflicting nature of the 
development with other uses of water, etc. 

Determination of hydro-electric potentials in Latin America has not 
only suffered from lack of basic hydro logical and topographical data 
but also from lack of uniformity in the definitions and procedures used 
in different countries and even within the same country. Estimates have 
been made with respect to the same rivers or river systems, based on the 
same background information, which have produced vastly different results 
depending upon the expert or institution entrusted with the survey,^/ 

It is therefore essential that the countries in the region should 
agree on specific definitions of potential so that uniform estimates at 
various levels can be achieved on the basis of the data available. Only 
a very few countries in the area have adopted the relevant recommendations 

6/ For instance, the potential of Lake Titicaca has been estimated at 
anywhere from under 1 million kW to over 2.5 million kW, 

/of the 
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of the World Power Conference and even in those countries the recommenda-
tions have not always been carried out. 

The widespread practice in the region of evaluating potentials solely 
on the bases of sites "considered to be economically exploitable" has, 
it should be pointed out, created specific difficulties even though it 
has been applied on the basis of uniform criteria. 

In fact, the personal factors which affect the overall concept of 
every project in determining its possible use introduce an element of 
extreme variability which must te reduced to the minimum. Moreover, 
improved techniques and construction methods, inter alia, may in time 
substantially modify the economic aspect of projects so that some, con-
sidered unjustified in the past, may be recommended as feasible in the 
future. 

Since a study of the "economic electric exploitability" of water 
resources should include not only electric power but the other uses to 
which the water can be put, harmonic plans should be formulated for its 
multiple use on the basis of general economic considerations which lessen 
the viable and categorical nature of the estimates,of the potential in 
question. There should be, among other things, standard criteria for 
determining the priority of a group of structures within the overall 
development plan. 

In practice, it is difficult to lay down a rigid method by which 
systematic determination of economic potentials on a 10 or 15 year basis 
can be effected. Thé conditions affecting the economic character of a 
project are linked to a number of unpredictable factors such as the 
volume and structure of demand; the availability and price of other 
competing sources of electric power production; characteristics of the 
consumer pattern to be met not only as a result of demand growth but 
also of the type and economic features of the plants built prior to the 
development project under consideration; the complementary or con-
flicting nature of the project with other uses of water and criteria 
for the distribution of investments made in multiple-purpose projects; 
development of construction techniques and costs; time required for a 
project to "ripen", etc. Even the rates of interest, which vary, have 

/a substantial 
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a substantial effect on changes in the cost of electricity from a single 
source since, under present average conditions, capital costs represent 
up to 85 per cent of the cost of power in a hydro-electric plant as 
against only 40 per cent for a thermal plant. 

Moreover, its general application is hardly feasible in Latin 
America at present because so much data and background information of 
different types is needed which require time and specialized staff and 
equipment. 

In short, for developing countries such as those in Latin America 
it is essential that the study of a particular river development project 
under construction should include an evaluation of the hydro-elect trie 
potential limited to the economically exploitable "quantum" (together 
with criteria for the optimum utilization of water). However, evalua-
tions on a larger scale for purposes of planning, which should be carried 
out as rapidly as material conditions in each country will allow, call 
for the adoption of simpler, mors expeditious, concepts and criteria, 

4 , S u g g e s t e d m e t h o d s o f e v a l u a t i o n 

( a ) G r o s s r u n o f f p o t e n t i a l 

The method of determining the gross runoff potential requires the 
division of the region or country under study into small sub-basins for 
which information is available on stream flow, with statistics covering 
a. long period (not less than twenty years) or, if the period covered is 
only some twelve or fifteen years, with statistics that can be extended 
by covariation with rainfall, subject to prior verification of a satis-
factory correlation. 

In brief, the theoretical runoff potential in millions of kWh a year is 
given by formula (1), assuming full utilization and a 100 per cent yield. 

= W V • W 

2/ Given the known formula P(kW) s 9.8 x Q x H, which expresses the output 
of a fall of water in kW in function of the flow Q (cubic metres per 
second) and height H (metres), with an ideal yield of 100 per cent, the 
formula can be found for the annual power in kWh? 

where the new numerical coefficients are: 
8,760 = number of hours in the year 
31 a5 s number of seconds in the year, in millions. 
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Here V is the volume of annual runoff in millions of cubic metres 
(average for a period of years as described above) originating exclusively 
in precipitation in the sub-basin in question,, and H is the average 
height of the sub-basin above sea level in metres. The addition of these 
values gives the hydroelectric potential in a region or a country. 

Dividing the potential, thus calculated, of each sub-basin by its 
area in square kilometres gives the specific value of its potential in 
kWh/km2. 

If the value of the specific potential of the sub-basin is marked at 
its geometric centre on a map, and the process is repeated on a larger 
scale (national or regional) covering the whole area, equipotential lines 
,can be interpolated. 

In such countries as those of latin America, where hydrological 
information is limited, the main problem is that of the means of determining 
the value of V, and in some cases of H, for each sub-basin. 

In this connexion, the best method of establishing V in the absence 
of direct hydrological information is by use of runoff data deduced from 
rainfall data but checked against actual flow data recorded at a stream-
gauging station, (Details are given in the Annex, section 1.) 

In countries with rivers that cross the frontier it is necessary 
in determining the national potential to reduce the potential of the 
basins concerned, since the average elevation of each micro-basin is 
reduced by being calculated not from sea level but from the elevation 
at the point where the river into which it flows crosses the frontier. 

Land-locked lakes in which underground filtration and evaporation 
balance the flow of the affluents (enclosed basins) are a special case. 
Automatic application of the principle of evaluating the hydro-electric 
potential as linked to the area of the basin of its first runoff, with 
100 per cent utilization of the slope to the . sea, would exclude any 
exceptions, although nature itself limits the slope by the level of 
the lowest point in the basin. A typical example in Latin America is . 
the Lake Titicaca-Desaguadero River-Lake Poopó system, where a high 
proportion of the potential can be exploited on the basis of the potential 

/head above 
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head above sea level, by substantial reduction of evaporation^, and as 
a result of other favourable features such as altitude, geographic situa-
tion, topography, and so forth. 

Examples of a diametrically opposite situation are to be found in 
the case of enclosed basins in Mexico in the States of Chihuahua, Durango 
and Coahuila, where it would appear logical in view of natural features 
very different from those described above to regard the potential as 
limited by the level of the lakes concerned. 

For the sake of uniformity it would be advisable in every case to give 
the theoretical surface potential in relation to sea level, with a specific 
separate indication of the potential that should be discounted because of 
the difference in elevation between the surface of undrained land-locked 
lakes and sea level, 
(b) Gross river potential 

The recommended method for calculating the gross river potential, 
which is also a constant intrinsic characteristic of the river system of 
a country or region, is as followsv^ each river or water course in 
the area is divided into sections bounded by the points of confluence 
of successive tributaries; however, for practical reasons these sections 
should not exceed 10 kilometres in length. 

For each section the potential is calculated by the formulas 
P L = 9.8 x Qm x H (2) 

Here P, is the average potential in kfoFj jgm is the average flow at 
each end of the section (Qm s ^—-); and H is the difference 
in elevation between the water level at each end, in metres. 

8/ It would clearly be possible from the strictly technical point of 
view to reduce evaporation by lowering the level of Lake Titicaca 
by construction of a drainage system that would reduce the area 
of that lake and of Lake Poop<5, with a consequent reduction of 
the volume of water evaporated. 

2/ This method is that used in France to evaluate hydro-electric 
potential by Electricité de France (see United Nations, Hydro-
electric potential in Europé and its gross, technical and economic 
limits (Ë/ECE/EP/131)). ' 

/Repeating the 
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Repeating the same procedure for all sections of the river and its 
tributaries and adding the results gives the gross river potential of the 
whole basin, country or region. 

However, this method is not usually employed in the upper reaches of 
the tributaries or the lower reaches of the river (near the mouth), those 
stretches being excluded from the point where the potentials are lower 
than 15-20 kW per kilometre. In Latin America the higher limit could be 
adopted. 

To calculate the annual energy that corresponds to the gross river 
potential given in kW, it is sufficient to multiply the latter by 8,760 
(number of hours in the year) to get the number of kWh. 

The river potential can conveniently be marked on a map by drawing 
lines of different thicknesses following the river, varying according to 
a given scale with the potential per unit length obtained in kW per 
kilometre for each section. 

The graphic representation of this potential and the advantages it 
provides are given in the Annex, section 2. 
(c) Exploitable or technical potential 

The best method of evaluating this potential, and the only direct 
method, is to draw up detailed schemes for the regulation and utilization 
of the waters of the river or river system in question. By this method 
it can be clearly established what will be the geographical location, 
quantity, seasonal characteristics and hydrologic dependability of the 
power in proposed electric power plants, in addition to the probable 
proportion of base and peak energy that can be expected. The difficulty 
of this method is obvious: even for a single moderately large basin it 
could require much time and considerable funds. Nevertheless, this is 
the method that should be adopted for the final plan for the multiple-
purpose development of a basin. 

In general evaluations for planning purposes, the recommended alterna-
tive to direct determination of the exploitable potential, both because 
it is simple to apply and because it is no less reliable than other 
indirect methods, is to obtain it as a fraction of the gross river potential 
by analogy with other basins or river systems that have been studied in 

/detail and 
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detail and have similar geographical and physical features, as indicated 
in the following section, 

5, Comparison between the two types of potential 

Although the two theoretical potentials referred to give ceilings 
that are unattainable in practice (and that do not agree), the gross 
river potential is closer than the runoff potential to technical and 
economic potentials. Moreover the gross river potential has the great 
advantage of indicating on the maps representing it the physical location 
of the rivers and which sections have a high potential, thus pinpointing 
the places that should be studied in greater detail (by geological pros-
pecting, soil mechanics investigations and studies of regulation and of 
other complementary or conflicting uses of the water, etc.) in order to 
coŝ pile the information required for an economic study» Maps of runoff 
potential, on the other hand, link the potential to the source of the 
water without necessarily indicating possible sites for the production 
of electric power. 

The information required to give the runoff potential, however, 
is simpler than in the case of the gross river potential, and thus 
easier to obtain in countries where there are large under-developed 
areas about which there is a lack of information, as in the Latin 
American countries. 

Experience in more developed countries in various parts of the world 
shows that generally speaking the relationship between the theoretical 
potentials under discussion and the economic potentials, which in the 
last analysis are what matter, fall within a fairly narrow range of values. 
In a number of European countries with a high level of hydro-electric pro-
duction it has been shown in the last decade that the exploitable potential 
as a whole is from 20 to 25 per cent of the gross runoff potential, with 
wider local variations,^/ In the ECE paper referred to it is stated that 

10/ In Sweden the proportion is exceptionally high, being 40 per cent. 
In view of Sweden5 s highly favourable runoff conditions and geological 
conformation, this is probably an upper limit. See A, J. Dillowtiy, 
United Nations, "Conparative study of hydro-electric resources as 
exemplified by European experience" (paper presented at the Madrid 
Sectional Meeting of the World Power Conference, July I960), 
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a study of eight European countries showed the ratio between the real 
economic potential and the gross runoff potential to be between 0.17 and 
0.20. 

The results of some other studies,^^ however, show that the ratio 
between the real economic potential and the gross river potential is 
roughly between 0.33 and 0.40. 

Here lies the main interest for under-developed areas and countries in 
determining their theoretical potentials, since even with relatively simple 
hydrological and geomorphological investigations, and without great expendi-
ture of time, they can estimate the upper and lower limits that will 
establish the approximate hydro-electric potential for economic use. 

ECE is preparing a map at a scale of 1:2,500,000 with the theoretical 
runoff potential covering the greater part of the countries of Europe with 
lines of equal hydro-electric power per surface unit.^^ 

This map will make it possible to revise the relations between the 
runoff potential and the technical and economic potentials for son® river 
systems and countries, by making use of information available for those 
where a greater part of the water resources have already been developed 
and where a full investigation has been conducted for the areas where 
the water resources still remain to be developed. This information will 
be of great value for the countries of Latin America and for other under-
developed, areas. ' 

Some countries that have reliable hydrologic and geomorphologic infor-
mation have in practice omitted the evaluation of the theoretical potentials 
in order to concentrate their investigations directly on the technical 
and economic potentials. This is the type of work being undertaken by the 

11/ ECAFE study op. cit.. which includes references to V. M. Yevdjevic 
and 0. Marjanovic, Power resources of Yugoslavia (Belgrade, 1956), 
Vol. 1, and to United Nations, Determination of hydro-electric 
potential in the USSR (ECE. Committee on Electric Power, Working 
Paper No. 46, 13 February 1956). 

12/ The line of least potential drawn on this map is that representing 
0.25 kWh per square metre, and the other lines represent successive 
multiplication by two (0.5, 1.0, 2.0, etc.) up to the line showing 
6 kWh per square metre in the central zone of the Alps. See A. J. 
Dilloway, op. cit. 

/Federal Power 
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Federal Power ComiBSioir^/ and to some extent the Geological Survey— 
in the United States, 

6. Irregularity of stream flow in the rivers 

It has already been seen that the proposed theoretical potentials 
(runoff and river) are concerned by definition with the average annual 
stream flow and takes no account of the changes that actually occur in 
the course of time, both from year to year and during the course of a 
single hydrologic year (seasonal variations). However, it will be readily 
appreciated that the irregularity of the stream flow of a river is a 
factor that appreciably affects that part of the potential that can be 
economically developed in relation to the theoretical potential. 

The study of any particular hydro-electric project normally includes 
detailed technical analysis of the duration of natural flow and the 
installations required to regulate it in order to obtain, on economic 
terms, the optimum use of the resource, but, as previously indicated, 
such analysis is of little practical value in investigations relating to 
general planning and programming of the use of the water resources of an 
area or a country. Hence for some time an index has been sought that 
would make it possible to draw maps showing the territorial distribution 
of the runoff irregularity of rivers, and a number of proposals on these 
lines have been made in different countries at different times. The most 
appropriate seems to be that selected by ECE to indicate irregularity 
during the course of the hydrologic year.^^ 

13/ See Frank L, Weaver, "Hydro potentialities as indicated by 
Federal Power Commission" (paper presented at the Twenty-First 
Annual Meeting, American Power Conference, Chicago, April 1959), 

14/ See Developed and potential water power of the United States and 
other countries of the world (op. cit.).: 

15/ See United Nations, Specifications for construction of an index of 
stream-flow irregularity (E/ECE/EP/205). which should be consulted 
for more general information, since the present study does no more 
than examine briefly some relevant aspects of the question. 

/For a 
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For a given year, the formula is: 
Cri ~ ~Wi~ ' 

where Cri is the coefficient (index), Vi is the storage capacity 
required for full regulation of runoff for that year, and Wi is the 
volume of runoff for the year. 
The mean value of coefficient Cr for a set of observations covering 

n years can be obtained merely by taking the average of the values for Cri. 
For the sake of simplification, in preliminary studies a coefficient 

Cr can be used that corresponds to a fictitious year, for which the figure 
for each month is the arithmetic mean of the flow figures for the month 
concerned. The same method can be used to arrive at final conclusions, 
provided that the Cr value used is multiplied by a correction factor greater 
than 1, but the advantage of this procedure is open to question, since the 
correction factor has to be calculated separately in each instance. 

There is little or no correlation between the values of Cr and the 
size of the catchment area concerned, a fact which justifies the drawing 
of maps showing this coefficient as basic background information for 
planning activities, together with estimates of hydro-electric potentials. 
In calculating this coefficient special care must be taken not to include 
lakes or reservoirs, as the resulting distortion would be so great as to 
invalidate the map concerned. In order to draw lines of interpolation 
joining points where Cr has the same value, the Cr value should be entered 
on the map at the centre of the basin or sub-basin concerned. Care should 
also be taken to avoid drawing these lines across mountain ranges or 
extensive depressions. 

It should not be overlooked that a run-of-river plant designed for 
an average river stream flow of Qm will produce an average of« 

kMh = (1 - Cr) x 9.81 x 8,760 x Qm x H 
with a yield of 100 per cent. For normal yields, the value of 9.81 should 
be replaced by another of the order of 8.3. 

/Chapter II 
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Chapter II 

LATIN AMERICAN HYDROELECTRIC POTENTIAL 

1» Concepts and, current estimates 
Generally speaking, knowledge of hydroelectric potential in the Latin 

American countries is in its infancy, as will be seen from the analysis of 
the method and concepts used and of current research facilities» The biggest 
handicaps to an estimation of the region*s total potential on the basis of 
the direct information available are the lack of uniformity in the evaluation 
criteria and the meagre explanations that accompany the calculations supplied 
by each country, 
(a) Estimates prepared by the United States Geological Survey 

The paper on "Developed and potential water power of the United States 
and other countries of the World December 1954"^ estimated hydroelectric 
potentials at the end of 1954 from two different standpoints, 

The first, based on ordinary minimum flow (flow available 95 per cent 
of the time) attributes to Latin America as a whole a potential of 57 million 
KW (12 per cent) out of the figure of nearly 400 million estimated for the 
whole world. 

The second, based on mean flow, attributes to the region as a whole 520 
million few, out of the estimated world total of almost 2,270 million kW 
(see table 6), 

The most important points elucidated by the above-mentioned study with 
respect to its method of execution refer mainly to potentials estimated on 
the basis of ordinary minimum flow, and are as follows: 

Developed and undeveloped sites are considered on the basis of 100 
per cent efficiency; 
The regulatory effect of storage reservoirs has been disregarded, 
except in those sites where they are already operating; 
The estimates for the United States, Canada and Europe are based 
on known sites; 

1/ L l o y d L . Y o u n g , G e o l o g i c a l S u r v e y C i r c u l a r 3 6 7 . U n i t e d S t a t e s D e p a r t m e n t 
o f t h e I n t e r i i r f r , G e o l o g i c a l S u r v e y 1 9 5 4 ( r e p r i n t e d 1 9 5 8 ) . T h i s i s t h e 
o n l y s o u r c e t h a t c o v e r s t h e w h o l e w o r l d , 

/ F o r t h e 
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For the Asian countries (except Japan), Africa and South America 
(except Brazil)!^the estimates are based principally on rainfall 
and topography and consequently are not as dependable. 

These few indications suffice to give a fairly good idea of the general 
criterion adopted by the author of the paper, which was brought into line 
with the relevant recommendations by the World Power Conference. 

The estimate of potentials on the basis of ordinary minimum flow 
corresponds, except for a few amendments of minor importance, to that 
given in the same paper for 1952.^ 

The comments which may be made on this type of estimate in relation to 
countries with large under-developed areas and little information (as in 
Latin America) relate mainly to the concept of ordinary minimum flow and 
endeavour to assimilate it to that of flow available 95 per cent of the tin», 

(i) The determination of ordinary minimum flow from data that are 
predominantly on rainfall is much more difficult than the mere 
determination of mean flow, which was done in the other evaluation 
made in the same document and in the definitions of theoretical 
potential that have been examined earlier. There is no doubt that 
the accuracy with which this type of flow has been estimated differs 
considerably from one country to another, and this has militated 
against the uniformity that is to be aimed at in such evaluations, 

(it) The estimate of potentials for Q 95 per cent automatically places 
the countries that already have big reservoirs (taken into account 
in the evaluation) on a different level from those that have none, 
since a regulated flow is generally greatly preferable to the 
natural run-off available 95 per cent of the time. The over-
estimation of potential in countries already possessing storage 
plants would disappear with the adoption of the concept of mean flow» 

2/ It coincides with the official estimate made in 1951 by the Divisao de 
Aguas do Departamento Nacional da Producao Mineral. 
Prepared by Benjamin E. Jones and Lloyd L. Young. It should be noted that 
this was the only survey of international scope undertaken up to 1954 and 
its findings were included in such publications as Schurr and Marschak, 
Economic aspects of atomic powe^r Palmer C. Putman, Energy in the future; 
and Energy in Latin America. United Nations Publications, Sales No: 
1957.II.G.2. 

/Hence, the 
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Hence, the evaluation that will play the most important part hereafter 
will be that based on mean flow in the Geological Survey Circular, which 
comes very close to the definition of theoretical linear potential. The 
only discrepancy between the two would seem to be the fact that the former 
was limited to "known sites" in the more developed countries. 

Table 6, which was prepared from data given in the reference paper, 
enables a comparison to be made between Latin America and other regions of 
the world. 

From column 2, it appears that Latin AmericaTs hydroelectric resources 
are equal to the sum of the same resources in Europe (including the USSR 
total) and in the United States, They also constitute more than 22 per 
cent of the world potential, 2 The penultimate column shows an average of about 25 kW/km for the region, o which exceeds both the world average, (16,7 ktt/km~) and those of the other 
regions and groups of countries considered, with the sole exception of p Western Europe, for which the average is 30 k W / k n . The other group of less 
developed countries, Eastern6Europe and the United States, follow in descending o 
order with approximately 17, 12 and 11 kW/km , In pointing out that the 
evaluation was limited to "known sites" in the case of Canada, the United 
States and nearly all the European countries, the document raises the question 
of whether Latin America's potential has not been over-estimated, in comparison 
with the figures for the other regions on which little information is available» 

The last column of the table contains a per capita evaluation of the 
same potential, in which the figure for Latin America, also because of the 
region's low population density, is almost 2,700 Watts; this is more than 
three times the world average of 800 Watts and far exceeds the averages of the 
other regions and countries in question. The areas that come closest to one 
another are the group of countries formed by Canada, Japan, New Zealand and 
the Union of South Africa, with 980 Watts per capita, and Eastern Europe 
(including the USSR total), with 950 Watts per capita. Hie United States and 
Western Europe appear with only 490 and 350 Watts per capita respectively, 

/Table 6 
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fable 6 

HYDROELECTRIC POTENTIAL IH LATIN AMERICA AND THE WORLD 

Based on 
ordinary 

B a s e d o n m e a n f 1 0 V Based on 
ordinary Total-

(thou-
- sands 
of »f) 

2 Per km Per a&m 
flow 

(thousands 
of kW) 

Total-
(thou-
- sands 
of »f) 

(WAB 2) Pita 
(Y/par 
capita) 

latin America . 57 358 520 02^ 25.50 2 700 

Western Europe 32 356 111 382 29.78 350 

Eastern Europe &/ 61 I3S 288 Ull* 12.31 950 
United States 26 M 85 376 10.91 

b/ Other developed countries »» 517 133 952 6.86 980 

Best of the world 259 561 1 126 359 16.61 670 

World total 1+77 S31» 2 266 107 I6.71+ 800 

Sewoes ECLA, on the basis of data presented in Baited States Department of the Interior, Geological 
Survey Clronlar 367, with respect to hydroelectric potentialsf and United Rations, Statistical 
Yearbook 1958 for territorial areas and population. 

a/ XSlsliMi*"» fn+-sl fft» USSR-mf " " " * * " ' 

b/ Australia, Canada, Japan, New Zealand aid the Union of South Africa» 

/ l a s t l y , the 
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Lastly, the table confirms the previous observation, made, for the sake 
of comparison, on the determination of potentials solely on the basis of 
the flow Q 95 per cent in that the estimates for countries already possessing 
large storage plants are also too high, Whereas, in fact, the Q 95 per 
cent potential in Latin American and other less developed countries is only 
11 and 23 per cent of the mean flow potential, in the United States, in the 
group of developed countries consisting of Australia, Canada, Japan, New 
Zealand and the Union of South Africa and in Western Europe, it amounts to 
31.5, 30 and 29 per cent respectively® It should not be forgotten, of course, 
that the degree of regularity of the rainfall régimes also has a direct 
bearing on these results, 
(b) National estimates 

The following observations may be made on the information which the 
IX!LA secretariat has compiled on the basis of the estimates'of potential 
prepared in every Latin American country: 

(i) Son® countries have no data on potential nor have they undertaken 
any research on the subject; 

(ii) In other countries, the data differ considerably according to their 
source, and explanations of the concepts and methods used are either 
non-existent or else so concise as to be impossible to classify5 

(iii) The data are often limited to a few basins only or to the best-
known areas within each country; 

(iv) Lastly, a few countries have already made overall studies on their 
hydroelectric resources, arid are currently engaged upon a more 
systematic survey, improving and expanding their hydrometeorological 
and hydrologieal networks. 

An initial selection was made, from all the background information 
available, of those estimates which, because, of the reliability of the source 
and related considerations, could form part of a general scheme with some 
possibility of classification « however remote - despite the fact that 
lack of uniformity and consistency were the salient characterisitcs revealed 
by the evaluation methods in many of the figures presented (see table 7), 

/Table 7 
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tabla 7 
LATÍN AMERICA Î HYDROELECTRIC POTENTIALS 

(Official and private estimâtes In aaeh oomrtry) 

Countiy 
Year of 
estimate 

Potential 
(millions 
•f W) 

Source of Information Remarks 

Argentina 

Bolivia 

Brasil 

153»» 

1958 

1959 

Colembla 

Costa Rica 

Cuba 

Chile 

19̂ 0 

195*» 

1959 

19^ 

1952 
1952 

20.0 

12.5 

2.7 

16.1» 

39.0 

7.6 

40.0 

1.5 

10 M 

23> 

Estimate of utillzable potential ba-
sed on precipitation and differences 
of elevation In national torrltoiy. 
Power stations In operation and 
economically - utillzable 
sitae during- next development 
period. &polty of g&neratlng units, a/ 
Power stations In operation and 
eoonomloally utillzable sites. Ca-
pacity of generating units. 

Gi (95 par cent) corresponds to 
the norms of the World Power Con-
ference, 

Power stations In operation and 
eoonomloally - utillzable sites. 
Plow regulation and inter-valley 
exchanges. Capacity of generating 
units. 

Some eoonomloally - utillzable sites 
(a 50 per cent), with 85 per cant 
yield. Capacity of generating units. 
Estimate for whole country. Capacity 
of generating units. Annual plant 
faotcr 0.57 
Economic potential. Capacity of 
generating units (?) 

Adolfo Hlebuhr, 
La electrificación en la 
Repdblloa Argentina 
Water and Energy. Reply to 
questionnaire. 

Department of Water and 
Eleotrloity. 

Official estimate (see 
Oensral Carlos Burenhaasa? 
Jr. (ECU/TAO), 0 Problems 
da Energfa El^trloa no Bra-
all 1959. 
Estimate by competent agea«. 
oies. (See General Carlos 
. Berenhauser, Jr., op.clt.» 
and the Joint Brazil-United 
States Eoonomlo Development 
Commission, Relatorlc sobre 
Energia Elforloa no Bwall 
Institute of Water Utillza- A 
tlon and Electricity Develop 
ment. Reply to questionnaire 
National electrification plan 
(Gibbs « Hill, Inc., and 
Electricity de Prance) 
Costa Rloan Eleotrloity 
Institute, fewest jgaoi^n de 
recursos hldroel^ctrloos 
(CCE/SC.S/I/DT.S) 

Agricultural Development Bank. The estimated potenoial Is less than 
Pi-sllalnary recoxxalssanae of 0.1 million Wi® 
19 rivers and 2 swamps. 
ENDESA, Plan de alectrlfloa-
clfa del pais. 
ENDESA, Plan de electrifies 
olfa del oafs. 

Linear potential for 0 (95 per oenfc). 
Norms of the World Power Conference. 
Linear potential for Q (5° par cent). 

/Table 7 (cont.) 
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Country Year of 
estimate 

Potential 
(millions 
of W ) 

Source of Information Remarks 

Chile 

Ecuador 

1952 

1552 

1558 

26 

20. 

2.0 

El Salvador 

Guatemala 

1559 

155? 

0.91 

0.15 

Honduras 

Mexico 

1959 

1539 

0.«* 

19« 
19̂8 

1953 

5.7 

21.0 

11.0 

Nicaragua 1959 o:33 

ENDESA, Plan de eleotrlflca.-
clfe del pafa. 
ENDESA, Plan de eleotrlflca-
clfa del pafa. • 

R. Schroder, Study of water 
resources In Ecuador joint 
ECLA/BTAO/WMO study in draft 
fora; Mr. J. Ritterehaussen 
( m o ) 

Atilio Garofa Prleto. la in-
vest igaoriin de rocursos hi-
dr&lioos (CCE/SC.5/I/DT.12) 

Department of.. Rational 
Electrification, Directorate 
of Public Works, Investiga-
ol^n de Its recursos hidro-
eltfctrloos (CCE/SĈ /I/DT/lt) 
Aillo A. L&ng, iKvestlgaoitfn 
preliminar y parcial de los 
recursos hidroeléctricos" 
(CCE/SC.5/I/DT.18) 
Kinistry of Agricultura and 
Development, Catálogo General 
de Aprovechamiento de Aguas 
Nacionales para Generación de 
Fuerza Motriz 
Gaznan Cantil, Energía en Ktf-
xleo 
Guzmán Cantú, Energía en H 
xloo 

C. Lara Bsautell, La Indus-
tria da energía electrica 

National Eleotrlo. Power 
Commission, Ministry of 
Development and Public Works, 
Plan de elcctrlfloaoltfn na-
olonal e lnveatlgaolrfn de los : 
recursos hidroeléctricos 
(CCE/SC,5/1/DT.1 & Df.15) 

Linear potential for a (mean}» gross 
river potential ' 
Soonomlo potential 

Power stations In operation and 
economically - utilizabls sites. Ca-
pacity of generating units. 

Eoonomio .potential of some sites 
studied? Capacity of generating 
units. Annual plant factor 0̂ 5« 

Eoonomio nstential of some sites 
studied. Capacity ef generating 
units. 
Annual plant faotor 0.5 

Eoonomio potential of some sites 
studied. Capacity of units to be 
installed. 

Potential of 2 €(h known sites. The 
referenoe seems to be to & 95 P81* 
cent 

Corresponding to the fundamentals of 
the above appraisal 
Described as "practical"». 
It seems to be based on conditions 
similar to those ef "exploitable" 
potential. 
This seems to refer to plants In 
dperatlon and t» eoonomioally-utili-
zable sites in a forthcoming develop-
ment period. Capacity, of generating 
units 
Economic jsrtential of some sites 
studied. Capacity of generating 
units. Annual plant factor 0.5 

.. /Table 7 ( c o n t . ) 
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feble 7 (oorct «nd 2) 

Country Year óf 
estimate 

Potential 
(millions 
of kB) 

Source of information Remarks 

Panama 195? 0.9 Eoonomio Development Institute, 
Proyecto de recursos hidráuli-
cas y electrificación del 
S.C.I.F.S.J, i960 

Eoonomio potential of some sites 
studied. Capacity of generating 
units. 

Paraguay I954 3.1 H. Poster-Smith (TAO). Infor-
mation for i960 

& 95 P®r cent. No further data 
available 

Peru 19^9 

1956 

1959 

1959 

25.0 

10.0 

6.5 

15.0 

Pablo Boner. El problema de la 
ensrgla electrica (Reports of 
the Sooloty •( Engineers) 
Swiss-Peruvian Consultative 
Economic Council, L'industrie 
élsstrique au Pérou 
Jorge Grieve. Potencial hidro-
eléctrico del Peni (Forum on 
energy problems) 

Jorge Grieve* Potencial hidro-
eléctrico del ftrní (Forum on 
energy problems) 

This seems to refer to "exploitable" 
potential 

The potential dealt with may perhaps 
be compared with mlnimun eoonomio 
potential 
Power stations In operation and 
known sites that are llkelx to be 
eeeaomieally utilizable. Capacity 
of generating units 
Gross river potential 

Uruguay 1959 1.2 José L. Buzzetti, El potonoial 
hidroeléctrico en nuestro país ¡ 
Elvio Sàooo. Polftioa energé-
tica en el Uruguay 

Economic potential with regulated 
flow. Capacity of generating units. 
Amual plant factor 0.51 . 

Venezuela 1959 16.0 R. Schröder. Study of vatér 
- resources In Venezuela, a 
Joint ECU/TAO/KMO stwfer in 
draft form 

Eoonomio potential of seme sites 
studied« Capacity of generating 
units.-' 

Surinam I959 1.5 

i 

Bokopondo Bureau, Geverment 
of Surinam. Appraisal survey 
of Hydrosleotri0 power re-
Bourn sa in Surinam. 1959 

Eoonomio potential of main rivers 

y Only 700 000 kW, i . e . half the international utilization, are considered In the ease of the River Uruguay 
(Salto Grande). 

b/ Including 0.6 million tff - half the international resources shared with Argentina. 
0/ Rivers: Lempa Grande de San Miguel, Paz, Gcaseorin, J lbs a, CusuBiaoaySn, Mlr&zalcos and la Cabrera* 
§/ Corresponding to Lakes ¿matit2an, atitlan and Ayarsa ami to the Rivers Samali, Aguaoapa, Cahablh, Yooot&n, 

Negro of Chlxoy and Chllasoo. 
«/ CorpesponaiBg to Rlvars Ulifa, P&tuca, Choluteoa and. to Lake Yojoa-River Llndo. 
S/ Corresponding to Rivers Tuaa, Vleja, Katagalpa, Coco and Grande de batagalpa. 
§/ Half of the Lake Titicaca International Project was considered, I . e . 1.2 million kW. 
h/ Only 700.000 i . e . half the International ut i l isat ion, « « considered in the case of the Rivers Uruguay 

(Salto Grande). 
y Fourteen millien KW ore linked up with th«j total utilization of the River Caroni. 

/An analysis 
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An analysis of table 7 shows that the most common evaluation concept 
is undoubtedly installable economic capacity, in known localities or sites9 
The pertinent method involves, as already explained, the regulation of 
stream flow, the estimation of the load factor (characteristic of consumption), 
the inclusion of a reserve (mechanical and electric) and possibly the transfer 
of water from one valley to another, all factors that vary in accordance 
with the purpose for which they are intended, personal ability in development 
programming and in the choosing of the right economic criteria to assess the 
priority of electricity production vis-k-vis that of other water uses (in 
the event of conflicts over multiple water utilization), and the availability 
of technical and building facilities at the time the estimate is being made. 

In spite of these observations, which rule out the possibility of a 
close comparison between national hydroelectric resources in the absence of 
a standard concept of economic potential, provisional estimates have >een 
made in taW.e 8 on the basis of national surveys and studies, although some 
of these ¿0 not provide more than partial coverage. Map II-l is included 
on the same provisional basis. 

2. Geographical distribution 

Out of an approximate total of 150 million economically installable kW 
in Latin America (see again table 8), more than 70 per cent is concentrated 
in four countries - Colombia,. Brazil, Chile and Venezuela - which have 40, 
30, 21 and 16 million kW respectively. They are followed by Argentina, Mexico 
and Peru, which, with 12,5, 11 and 6,5 million Mi, constitute 20 per cent 
of the total for Latin America, 

The distribution of this potential per unit of area is also fairly 
uneven. El Salvador, Colombia, Costa Rica and Chile would seem to be the 
best endowned, with 45, 35.2, 29,5 and 28,3 kW/km2, followed by Venezuela with 
20,6 kW/kBu Then come Panama, Paraguay, Ecuador and Uruguay, but with much 
lower figures of 11,8, 7.6, 7.4, and 6.5 kW/km2 respectively. 

Moreover, in relation to their current population levels, the countries 
that are best provided with water resources for electricity production are 
Venezuela, Colombia, Chile and Paraguay, with 2,990, 2,940, 2,910 and 1,850 
Watts per capita respectively, 

/Table 8 
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fable « 
LATIN AMERICAS HTfflROELECfRIG POTENTIAL 

(Estimates of eoQftoala utilization. 

Count jy Millions 
of Htf 

Resources pep oaipita and per square 
kilometre Millions 

of Htf W/per capita kW/kffl2 

Argentina, 12,5 615 

Bolivia 2.7 814 2.5 
Brazil 30.0 1+77 3.5 

Chile 21.0 2 910 28.3 

Colombia 4o.o 2 9M0 35.2 

Cesta Rica U5 1 U30 29.5 

Cuba •• -

Bernini can Republio ••• • •• ... 
Ecuador 2.0 I+98- 7.4 

El Salvador 0.9 373 45.8 

Gmtesala 0,2 56 1.9 

Eiitl &C9 ©O© 

Honduras 0.1+ 220 3.6 
Mexico 11.0 3M0 5.6 

Nicaragua 0.4 292 2.7 

Panama b/ 0.9 856 11.8 

Paraguay 3.1 1 850 7.6 

Peru 6.5 61+7 5.1 

Uruguay 1.2 U38 6.5 
Venezuela 16.0 2 990 20.6 

British Guiana ... • . » . -

West Indies ... ... ... 
Surinam 1.5 6 200 10.5 
Regiozal total 0/ 151.8 814 7.6 

Source; ECLA, on the basis ct direct Information, and United ifc.tior.8, Statistical 
Yearbook 1958 for territorial areas« 

¡/ National estimates. They correspond to the sua of the capacities of established 
plants and those of plants that oan be economically set «9 in known localities 
or sites« 

b/ Including the Canal Zone. 
0/ Excluding countries fof which infcreation Is not available. 

/Hap H-l 
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As national estimates do not afford any possibility of building up a 
complete picture of homogeneous hydroelectric potentials, at another level, 
table 9 presents the figures estimated by the United States Geological Survey , 
in 1954 by countries, with particular reference to the evaluation based onmeaaQ, 
According to this table, the best-endowed countries would seem to be Brazil, 
Colombia, Peru and Venezuela, with 176.6, 73.6, 40»5 and 36.8 millions kW 
respectively, followed by Mexico (33ol) Argentina (29«4) and Ecuador (25.8). 

When the same potential is measured by unit of area, the countries best 
provided for would seem to be the West Indies, Costa Rica, Ecuador, Guatemala 
and British Guiana, with 177.9, 115®7, 97«9, ffUl and 68.5 kW/km2, followed 
consecutively by Colombia (64.7), El Salvador (55»2), Honduras (5205), 
Surinam (51.8) and Venezuela (40.3)» 

The last column of table 9 shows that Surinam, British Guiana, Bolivia, 
Ecuador and Venezuela are richest in hydroelectric resources in relation to 
their current population levels, with 30.6, 27,4, 6.7, 6.4, and 5»8 kW per 
capita respectively. 

No direct inter-country comparison can be made between the estimates 
of the United States Geological Survey and the overall group of national 
assessments. In the first place, the national estimates are governed by 
theoretical concepts that are at difference levels; secondly, as explained 
before, varying criteria and methods were used and different territorial 
areas were covered. Thirdly, the coverage of the basic data employed must 
have been very irregular - at least in certain areas - since the exceptional 
case of Chile, for which the estimate of economic potential exceeds that of 
theoretical potential, is otherwise inexplicable. Elsewhere, on the other 
hand, the estimate of theoretical potential is several times larger than that 
of economic potential; in Ecuador, for instance it is more than ten times as 
big, However, for Latin America as a whole (after compensation of errors), 
the relation of 0.29 between the two potentials seems to be reasonable 
provided that due account is taken of: the fact that errors by omission 
undoubtedly predominate in national estimates, 

The distribution of economic potential in each country is also very 
unequal. This is revealed in table 10, which gives the estimated potential 
of an economic development of selected basins, according to each country*s 
surveys (see again map II-l). 

/Table 9 
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Table 9 
LATXS AMERICA: HYDROELECTRIC POTENTIAL 

Country 
Based on 
ordinary 

minimum flow 
(thotisasde of kW) 

Total 
(thousands 
of KW) 

Based on mean flow 
2 

Per km Per capita 
(m/kt»2) (»//per capita 

Argentina 3 S71» 29 440 10.60 1.45 
Bolivia 2 65® 22 080 20.10 6.72 

Brazil 14 720 176 64« 20.70 2.81 
Chile 5 152 18 400 24.80 2.52 
Colombia 3 974 73 60Ö 64.65 
Costa Rica 1 030 5 888 115.67 5.47 
Cuba - - • - -

Dominican Republic - - -
mm 

Ecuador. 1 M72 25 760 97.90 6.44 

El Salvador 221 1104 55.20 OM 
Guatemala 1 546 . 8 832 81.10 2.47 

miti ' - •• 

Honduras 1 030 5 888. 52.50 3.21 
I'twiiwy 33 120 l6e8Q 1®02 
Nicaragua 810 4 4l6 29.80 3.17 
Panama 515 2 944 38.80 2.80 

Paraguay 2 061 7 360 18.10 4.42 
Peru 4 710 4o 480 31.50 3.96 
Uruguay 294 2 208 11.80 0.82 . 
Venezuela 3 165 36 800 40.30 5.82 
British Guiana 2 650 14 720 68.50 27.36 
Vest Indies 368 2 944 177.90 2.80 
Surinam 800 7 400 51.80 30.6« 
Regional total 57 398 520 024 25.50 2.70 

Sources ECLA, on the basis of data from the United States Department of the 
Interior, Geological Survey Circular 367. with respeot to hydrceleotrlo 
potentials, and direct information for territorial areas and population« 

/Table 10 
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Tabi« io 

LATIN AMERICA! HYDROELECTRIC POTENTIALS, 1?60 
(Estimated eaonoaio potential of selected basine) 

Country, basins 
or sub-baa Ins 

Potential 
Million 
of kff 

Percentage 
of country 
total 

Argentina a/ 
T uwfl̂ fn̂ D Ifunant s-Atue 1 eystema 
Rio. Negro 
Cfirdcba system 

Bolivia 
Upper Beni (Baia) 
Rivers C oranl-Espfritu Santo 

Bmsll 
Rlver San Francisco e/ 
Rio Orando d/ 
Alvo« fenwapansoa and Tieté 
Rlver Parai^ 

Cbile e/ 

Rlver M&ule 
Rlver Bfo-Bfo 
Ri ver Kilpo 

Col cabla 
Rlver Bogottf tf 
Rlver Cauca (as far as Buga, Includlng 

the Causa Dagda project) 
Costa Rica 

Rlver Reventaz&i 
Rlver Grande Téfrooles 

Cuba 
D cainican Republlo 
Ecuador h/ 

Rlver Mira 
Rlver Esmenlda 

E1 Salvador 1/ 

Rlver Lempa 
Gelataia, la 

Honduras j/ 
Latte Yc^oa - Rio Lindo 

1.38 
2.33 
0.28 

1.00 
0.15 

3.10 
7.00 
2.50 
7.0« 

1.55 
2.38 
0.61 

1.00 
1.6 

0.57 
0.16 

0.15 
0.16 

0.84 

11.0 
18.6 
2.2 

37.0 
5.6 

10.3 
23-3 
8.3 

23.3 

7.* 
11.4 
2.9 

2.5 

4.0 

38.0 
10.7 

7.5 
8.0 

92.3 

•.17 42,0 
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Tabla 10 (ooirt'na l) 

Countsy, basins „ Potential 
Percentage 

of kJí of country 
total 

Mexico 
River Balsa» k/ 1.0 . 9«1 . 
Rivers Lerna-Chapala-Santlago 1/ 1.83 16.6 
River Papaloapán a/ 0.5« 

Nicaragua n/ 
Rivers Tuma-Mitagalpa-Viejo 0.13 32»5 

Panana o/ 
River Chlriquf 0.2 22.2 

Paraguay 
River Asa ray-Monday 0.35 11*3 

Peru 2/ 

Río Santa 1«00 15«1* 
Uruguay r/ 

Río Negro 
Venezuela s/ 

River Caroní lU.O 87.5 
British Guiase 
West Indies ... 
Surinam 

River Surinam t/ 6.2 13.3 

a/Water and Elect rio Energy. Ecenoaieallŷ utilisablo potential, study G.A. 
Maxaa, 1 9 5 8 . 

b/ Department of Water ami Eleotrloity. 
0/ San francisco Valley Commission, A Valoriza o do Vale do Sao Franclsoo, 1957* 

(Regulated by the Tres Karías reservoir.) 
¿/ Brazilian National Committee, World Power Conference, Electric power in 

Brazil i960, (regulated by.the Furnas reservoir.) The capacity of this basin 
differs from that assigned to It In the country estimate. Some estimates plaoe 
the river potential as high as lp million kW. 

e/ Plan de electrificación del pa£3, op. clt. Economic potential, 
f/ Data supplied by the Costa Rlcan Eleotrloity Institute. 
W Estimate by J. Rittersbaussen (TAO). 
3 / **a investigación de recursos hidráulicos, op. pit. 
¿/ Investigación preliminar y parcial da los recursos hidroeléctricos, op. clt» 
k/ Estimate based on power stations In operation and established projects. 
1/ C. Lara Beautell, La industria de energía eléctrica. Economic potential, 
m/ Papalcapáa Commission. Department of !&rdraullo Resources, Econemfe del 

PapaloapfCh. — — — — — 
n/ Plan de electrlflcaolén nacional e Investigación de los recursos hidroeléc-

tricos. op. ojt. 
0/ Proyecto de recursos hidráulicos y electrificación del SCIPE, op. clt. 
2/ Direct Information Supplied by the National Electricity Adm 1 nistratlon. 
2/ S. Ant ¿Ene e de Mayolo, Plan de instalaciones hydroeléotMcas de la Corpora-. 
, alón Peruana del Santa en el Valle del Rio Santa en el Pertf. 1949. r/ KX pifñríoiál hldraeltfctlrlco" eiñnu9at¿¿ pais.op.oif: 

SJ study of water resources in Venezuela, op.oit. Economic potential, 
t/ Appraisal survey cf hydroelectric power resources in Surinam, op. clt 

/It la 
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It is interesting to note that, in some cases, high proportions of the 
country*s total estimated potential are concentrated in one or two rivers 
only. The real phenomenon of irregularity in geographical distribution 
in undoubtedly understated in table 10 in the case of a number of countries 
because of the way in which the potentials were estimated, and its extent 
is increasing in proportion to the improvement in the facilities for investi-
gating resources. As many of the basins chosen are those which have been 
most thoroughly studied (with, of course, a few exceptions), the potentials 
assigned to them are closer to the real figures than those forming part of 
the total country appraisal, which are relatively underestimated. In 
addition, the lack of uniformity in certain data justifies a sample demonstra-
tion of special cases of inconsistency, such as that of the River Grande in 
Brazil (Sao Paulo-Minas Gerais) whose potential, in the table, has been more 
recently estimated and is higher than that attributed to it in the country 
assessment. Projects exist for power plants in the basin of the River 
Balsas in Mexico, which, added to the plants already in operation, will 
produce approximately 1 million kW, and will exceed by 300 per cent the 
estimate made for that basin in the assessment of total Mexican potential. 

Nevertheless, it is worthy of consideration that in El Salvador, the 
River Lampa, in Venezuela, the -Caroni, in Honduras, Lake Yojoâ -itiver Lindo, 
in Uruguay, the Negro, in Bolivia, the Alto Beni and in Nicaragua, the 
Tuma, Matagalpa and Viejo, appear to comprise more than 90, 85, 40, 40, 35 
and 30 per cent of their respective national hydroelectric potentials. 
Fairly high concentrations of this resource are also to be found in other 
countries, as may be seen from table 10, Sometimes, as in the case 8>f 
the Rivers TunuySn, Diamante, Atuel and Negro in Argentina, a big potential 
is concentrated in an area that is relatively remote from the principal 
centres of electricity consumption. 

3 . I r r e g u l a r i t i e s o f s t r e a m f l o w b y c o u n t r i e s 

There is no information to indicate that extensive regional maps or 
studies have been undertaken on the irregularities of stream flow in Latin 
America. 

/In order 
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In order to obtain some idea of the degree of overall stream flow 
irregularity in each country, particularly for purposes of comparison, the 
relation between the potentials estimated by the United States Geological 
Survey on the basis of ordinary minimum flow and en that of mean flow should 
be studied. Due consideration should be given to the fact that the storage 
works set up so far are generally unimportant as far as nation-ad.de regulation 
is concerned; the most significant work in this respect having been done by 
Argentina, Brazil and Mexico.^ Hie relevant figures are given in table 11, 

Chile and Paraguay appear to have the most regular stream flows, the 
most irregular being found in Brazil, Colombia, Ecuador arid Venezuela. The 
near-un.if ormity of the irregularities recorded for Mexico and the other 
Central American countries contrasts with the situation in the remaining 
countries of the region, and seems to bear out the author rs own observation 
that Latin American estimates are more inaccurate than those for developed 
areas because of the scarcity of basic data« In view of the difficulty of 
determining ordinary minimum flow from data that deal almost exclusively 
with rainfall, as stated before, it seems only reasonable to place less 
dependence on estimates o f potential that are based on Q 9 5 per cent. 

In any case it is obvious that more information is required on rainfall 
and stream flow arid that the existing data should fee processed more satis-
factorily, by means of a systematic research on hydroelectric potentials. 

Whenever studies evaluating hydroelectric potential by countries or 
basins are carried out, the relevant maps should also be prepared on flow 
irregularities during the hydrological year under consideration. 

Flow coefficients have been calculated for a rather limited number of 
rivers in the studies by the ECLA/BTAO/WMD Water Resources Survey Group on 
Chile and Venezuela,^ 

In the case of Chile, it was thought worthwhile to make a quantitative 
evaluation of the variation in irregularity of the rivers flowing from north 
to south® Its qualitative aspects are already w e l l - k n o w n , because of both 

y This estimate is based on a different concept from that of the recommended 
coefficient of irregularity C^. 

¿/ Los recursos hidráulicos de Chile (E/ CN . 12/ 501/Add „ 1), and Water Resources 
in Venezuela, a summary of which is contained in document §/CN.12/5¿2% 

/Table 11 
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Table 11 

LATIN AMERICA: RELATION BETWEEN POTENTIALS B^SED ON. ORDINARY 
MINIMUM FLOW AND POTENTIALS BASED ON MEAN FLOW 

Argentina 0.14 Mexico 0.19 

Bolivia 0.12 Nicaragua 0.18 

Brazil 0.08 Panama 0.18 

Chile 0.28 Paraguay 0.28 

Colombia 0.05 Peru 0.12 

Costa Rica 0.18 Uruguay 0.13 

Ecuador 0.06 Venezuela 0.09 

El Salvador 0.20 British Guiana 0.18 

Guatemala 0.18 West Indies 0.13 

Honduras 0.18 

o 
/the longitudinal 
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t h e l o n g i t u d i n a l v a r i a t i o n i n t h e r a i n f a l l r é g i m e a n d t h e a c c u m u l a t i v e 

a c t i o n o f s n o w i n t h e C o r d i l l e r a a s a s t o r e r o f l a r g e v o l u m e s o f w a t e r 

w h i c h v a r i e s , a c c o r d i n g t o l a t i t u d e « 

T h e c o e f f i c i e n t s f o r t h e d i f f e r e n t r i v e r s w e r e c a l c u l a t e d a t w h a t m a y b e 

regarded as transitional points between the Cordillera of the Andes proper and 
t h e f l a t a r e a o r l o n g i t u d i n a l v a l l e y . T h e r e s u l t s a r e g i v e n i n t a b l e 1 2 . 

I n t h e c a s e o f V e n e z u e l a , i t w a s a l s o i m p o r t a n t t o s h o w i n q u a n t i t a t i v e 

terms the marked i r r e g u l a r i t y o f f l o w o f i t s r i v e r s ( w i t h t h e e x c e p t i o n o f 

t h e M o t a t â n ) , w h i c h s e r i o u s l y a f f e c t s t h e i r u t i l i z a t i o n a n d r e f l e c t s t h e 

s e a s o n a l d i s t r i b u t i o n o f r a i n f a l l ; t h e G u a r i n c o , f o r e x a m p l e , w h i c h registers 
t h e h i g h e s t c o e f f i c i e n t , h a s a w e t s e a s o n o f o n l y 5 m o n t h s ( s e e t a b l e 1 3 ) « 

B y w a y o f a s a m p l e o f the m e t h o d o l o g y u s e d , a m a p o f A r g e n t i n a w a s v e r y 

p r o v i s i o n a l l y c o n s t r u c t e d o n t h e b a s i s o f t h e i n d e x c i t e d ( s e e m a p I I — 2 ) , 

I n t h e C o r d i l l e r a , o w i n g t o t h e r e g u l a t o r y a c t i o n o f t h e s n o w o n t h e 

high summits, curves with a low index ©f irregularity are recorded,, especially 
b e t w e e n 2 6 ahd 3 2 degrees © f l a t i t u d e » This p h e n o m e n o n p r o b a b l y e x t e n d s 

f a r t h e r s o u t h , b u t t h e m a p d o e s n o t s h o w i t f o r t h e s i m p l e r e a s o n t h a t v e r y 

f e w o f t h e d a t a r e q u i r e d , f o r t r a c i n g the r e l e v a n t curves were a v a i l a b l e . 

A r o u n d t h e R i v e r s P a r a n â a n d U r u g u a y , t h e l o w i r r e g u l a r i t y c o e f f i c i e n t c u r v e s 

m a i n l y r e f l e c t t h e r e g u l a r i z i n g i n f l u e n c e o f t h e m a g n i t u d e a n d d i v e r s i f i c a t i o n 

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

B r a z i l i a n a n d P a r a g u a y a n t e r r i t o r y ) , a n d a l s o , a l t h o u g h o n a l e s s e r s c a l e , 

t h e u n i f o r m i t y o f t h e r a i n f a l l r é g i m e s i n t h e a r e a s l y i n g b e t w e e n t h e t w o 

r i v e r s a n d i n t h e p r o v i n c e s o f S a n t a F e a n d E l C h a c o . 

C o n v e r s e l y , f o r t h e J u j u y , S a l t a , T u c u m & i a n d o t h e r n e i g h b o u r i n g a r e a s 

c u r v e s w i t h a h i g h i n d e x o f i r r e g u l a r i t y a r e r e g i s t e r e d , i n c o n s e q u e n c e o f 

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

y e a r , o f u n d i v e r s i f i e d t r i b u t a r y c h a r a c t e r i s t i c s a n d o f t h e a b s e n c e o f 

regularizing l a k e s . 

/ T a b l e 1 2 
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Table 12 
CHILES DEGREE OF IRREGULARITY IN THE FLß» OF SELECTED RIVERS IN 

A HSDROLOGXCAL YEAR 

River gauge Latitude 
(approdante) Cr 

Carta en 
(Huaseo) 

Clare 
(Elqui) 

Choapa 

.•Maipo 

Tinguirirloa 
(Rapel) 

Aohibueno 
(l&ule) 

Haul e 

laja (Bio-Bio) 

Allipln 
(Toltfn) 

PllmalquSn 
(Bueno) 

Maullír 

Puel« 

Rassadillas 

Rivada via 

Cuneumén 

La Obra 

Bajo Brlones 

Los Peftones 

Afluentes de laguna 
de La Invernada 

Los Laureles 

El Salto 

Llanqulhue 

Carrera, de Basilio 

28° 4?» 

30° 

31" 55* 

33* 35' 

34» 58* 

35° 58« 

34° 48» 

Afluentes del Lago Laja 37" 22* 

38- 57* 

4o* 37» 

4l» 13» 

41® 37* 

0.10 

0.11 

0.34 

0.25 

0.24 

0,23 

0.20 

0.18 

0.16 

0.15 
0.10 

0.09 

Scuro ei Loa recursos hldr&illoca de Chile, op. eit. 

/Table 33 
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Table 13 

VENEZUELA: IRREGULARITY COEFFICIENTS OF THE HIVERS IN THE 
LLAHOS AND THE RIVER MOTATAN 

Approximate 
River Station irregularity 

coefficient a/ 

Guárico Puente Carretera el Sombrero 0.445 
Pao Paso La Balsa 0.3Ó0 
Tinaco Puente Carretera Tinaco-EL Pao 0.382 
Tirgua Paso Viboral 0.206 
Cojedes Puente Carretera San Calor-

Acarigua 0.234 
Agua Blanca Fuente Carretera San Calor-

Acarigua 0.275 
Acarigua Puente Carretera Acarigua-Suanare O.313 
Guadie Puente Carretera Aearigua=Gaanare 0.321 
Baconô Peña Larga 0.249 
î-lasparro Puente Carretera Guanaro-Barinas 0*273 
Santo Domingo EL Curay 0,247 
Uribante Puente Colgante O.23O 
Motatán 0.13 

Source: Ministry of Public Worses, Resumen de Datos Bidrom6tricos 1940-59 
(Soamary of ftrdrometric Data 1940-59) > Caracas, I960 (taken from 
the ECLVTAD/WMO study» in draft form, on the water resources of 
Venezuela. 

a/ Calculated on the basis of the mean hydrological year and of monthly 
mean figures only. 

/Map XI-2 
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4 , P r e s e n t d e v e l o p m e n t 

T a b l e 1 4 e n a b l e s a c o m p a r i s o n t o b e d r a w n , a l t h o u g h o n l y a p p r o x i m a t e l y , 

b e t w e e n t h e p r o p o r t i o n s o f h y d r o e l e c t r i c r e s o u r c e s d e v e l o p e d b y d i f f e r e n t 

r e g i o n s , o n t h e b a s i s a d o p t e d f o r t h e c o n s t r u c t i o n o f t h e t a b l e ® 

T h e t a b l e i n d i c a t e s t h a t L a t i n A m e r i c a h a s d e v e l o p e d o n l y a v e r y s m a l l 

p r o p o r t i o n o f i t s p o t e n t i a l , s i n c e t h e p e r c e n t a g e i n q u e s t i o n w o u l d a m o u n t 

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

a n d o n e t h i r t i e t h o f t h e r e l a t i v e u t i l i z a t i o n f i g u r e s f o r W e s t e r n E u r o p e a n d 

t h e U n i t e d S t a t e s « 

A n a n a l y s i s o f t h e d e g r e e o f d e v e l o p m e n t b y c o u n t r i e s , o n t h e b a s i s o f 

t h e e s t i m a t e d e c o n o m i c p o t e n t i a l , a p p e a r s i n t a b l e 1 5 « 

F o r t h e r e g i o n a s a w h o l e , t h e u t i l i z a t i o n r e f e r r e d t o a b o v e i s s e e n 

t o b e a l i t t l e o v e r 4 p e r c e n t . T h e c o u n t r i e s s h o w i n g t h e h i g h e s t r e l a t i v e 

d e v e l o p m e n t f i g u r e s a r e G u a t e m a l a , U r u g u a y , M e x i c o a n d B r a z i l , w i t h 1 5 , 0 , 

1 0 , 7 , 1 0 , 5 a n d 9 . 5 p e r c e n t r e s p e c t i v e l y , 

G u a t e m a l a a p p e a l ' s w i t h a h i g h p e r c e n t a g e , , n o t b e c a u s e i t h a s d e v e l o p e d 

i t s r e s o u r c e s t o a n e x c e p t i o n a l e x t e n t i n r e l a t i o n t o o t h e r c o u n t r i e s , b u t 

b e c a u s e t h e r a t e d p o t e n t i a l w o u l d s e e m t o b e u n d e r - e s t i m a t e d i n a s m u c h a s 

o n l y p a r t o f t h e c o u n t r y * s r i v e r s y s t e m h a s b e e n t a k e n i n t o a c c o u n t . 

O b v i o u s l y , i n g e n e r a l t e r m s , a l l t h e L a t i n A m e r i c a n c o u n t r i e s a r e s t i l l a 

v e r y l o n g w a y f r o m u t i l i z i n g t h e i r h y d r o e l e c t r i c r e s o u r c e s i n t h e s a m e 

p r o p o r t i o n a s o t h e r m o r e d e v e l o p e d c o u n t r i e s . I n t h e U n i t e d S t a t e s , t h e 

p r o p o r t i o n o f u t i l i z a t i o n i n 1 9 5 8 , c a l c u l a t e d o n b a s e s s i m i l a r t o t h o s e 

a d o p t e d h e r e , w a s a l m o s t 2 4 p e r c e n t . - ^ S i m i l a r l y , f o r S w i t z e r l a n d , F r a n c e 

a n d A u s t r i a t h e c o r r e s p o n d i n g p r o p o r t i o n s w e r e , i n t h e s a m e y e a r , 1 7 « 7 , 1 4 , 6 

a n d 8 , 5 p e r c e n t r e s p e c t i v e l y , ^ 

y S e l e c t C o m m i t t e e o n N a t i o n a l W a t e r R e s o u r c e s , U n i t e d S t a t e s S e n a t e , W a t e r 
R e s o u r c e s A c t i v i t i e s i n t h e U n i t e d S t a t e s . P r i n t N o » 1 0 ( e s t i m a t e s p r e p a r e d 
b y t h e F e d e r a l P o w e r C o m m i s s i o n ) » 

2/ I n f o r m a t i o n s u p p l i e d b y E C L A , o n t h e b a s i s o f d a t a g i v e n i n T h e e l e c t r i c 
p o w e r s i t u a t i o n i n E u r o p e i n 1 9 5 8 - 5 9 a n d i t s p r o s p e c t s ( S T / E C E / E P / 2 ) a n d 
H y d r o e l e c t r i c P o t e n t i a l i n E u r o p e a n d i t s g r o s s , t e c h n i c a l a n d e c o n o m i c 
l i m i t o ( i / E C E / E P / 1 3 1 ) . 

/Table 14 
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Table 14 

INSTALLED HYDROELECTRIC CAPACITY IN 1958 IN RELATION 
TO POTENTIAL RESOURCES - MEAN Q 

Millions Percentage 
of kW of potential 

Latin America 6.22 1.2 

United States 30«10 35»3 

Western Europe 50o26 45el 

Eastern Europe 12«45 4*3 

Other developed countries 29.90 .22.3 

Beat of the world 9.11 0.8 

Werld 138.04 6.1 

Source; ECLA, on the basis of data supplied by united States Department 
of the Interior, Geological Survey Circular 367> with respect 
to hydroelectric potentials; direct information for installed 
capacity in Latin America; and United Nations, Statistical Year-
book 1958, for the rest of the world. 

/Table 15 
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Table 15 

LATIN AMERICA: UTILIZATION OF HYDROELECTRIC POTENTIAL 
IN 195s y 

Installed hydroelectric capacity 
Percentage 

Country Thousands of estimated 
of kW economic 

potential 
Argentina 278 2.2 
Bolivia 89 . 3.3 
Brazil 2 850 9*5 
Chile 521 2.5 
Colombia 490 1.2 
Costa Rica 77. 5.1 
Cuba 4 • • • 

Dominican Republic - - . 
Ecuador 36 1.Ö 
El Salvador 56 6.7 
Guatemala 26 15.0 
Haiti -
Honduras 4 1.0 
Mexico 1 159 10.5 
Nicaragua 1 ' - 0.3 
Panama c( 52 5.8 
Paraguay -
Peru 401 6.2 
Uruguay 128 10,7 
Venezuela 35 0,3 
British Guiana -

Surinam P» - . 

West Indies . 13 . •. 
Regional total a/ 6 220 4.1 

Source: E C L A , on the basis of direct information and miscel* 
laneous publications, 

a/ Excluding in the second column, the Dominican Republic,Haiti, 
British Guiana and thé West Indies, for want of data on 
economic potentials, 

b/ Information up to 31 December 1958 only was used, for, the sake . 
of uniformity with other studies. Between 1959 and I960, the 
completion of certain works, such as those at the Central Ma-
cagua I in Venezuela, raised installed hydraulic capacity to 
335 kW as at 31 December I960, On that date, relative utiliza 
tion in Venezuela stood at 2,1 per cent, 

c/ Including the Canal Zone, 

/ N e v e r t h e l e s s , i f 
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N e v e r t h e l e s s , i f t h e r e s o u r c e s s i t u a t e d n e a r t h e l a r g e p o p u l a t i o n c e n t r e s 

o r t h e a r e a s o f m o s t i n t e n s i v e i n d u s t r i a l a c t i v i t y i n e a c h c o u n t r y a r e s t u d i e d 

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

w e l l d e v e l o p e d , e s p e c i a l l y i n c o m p a r i s o n w i t h t h e c o r r e s p o n d i n g n a t i o n a l 

a v e r a g e s « A m o n g t h e c a s e s f o r w h i c h i n f o r m a t i o n i s a v a i l a b l e , s p e c i a l 

m e n t i o n m a y b e m a d e o f t h e R i o G r a n d e d e T S r c o l e s ( C o s t a R i c a ) , w i t h n e a r l y 

A O p e r c e n t o f i t s p o t e n t i a l n o w u t i l i z e d , t h e C o r d o b a s y s t e m ( A r g e n t i n a ) , 

w i t h o v e r 3 5 p e r c e n t , t h e P a p a l o a p S n ( M e x i c o ) , w i t h 3 1 p e r c e n t , t h e R i o 

N e g r o ( U r u g u a y ) , w i t h m o r e t h a n 2 5 p e r c e n t ( 1 9 5 8 ) ^ a n d t h e M a i p o ( C h i l e ) , 

w i t h a l m o s t 2 0 p e r e e n t ( s e e t a b l e 1 6 ) « 

O f t h e e s t i m a t e d p o t e n t i a l o f t h e R i v e r s B o g o t S ( C o l o m b i a ) , L e r m a -

C h a p a l a - S a n t i ' a g o ( M e x i c o ) a n d B s m e r a l d a s ( E c u a d o r ) , 1 3 , 1 1 a n d 1 0 p e r c e n t 

r e s p e c t i v e l y i s u t i l i z e d . 

I n B r a z i l , a h i g h p r o p o r t i o n o f t h e R i v e r s P a r a f b a a n d T i e t £ i s a l r e a d y 

b e i n g u t i l i z e d « T h e f o r m e r h a s a n i n s t a l l e d c a p a c i t y o f 6 6 4 uS? a n d t h e 

l a t t e r o f a ? 6 m a 

5 « D e v e l o p m e n t c h a r a c t e r i s t i c s 

A p p r o x i m a t e l y 4 0 p e r c e n t o f t h e a g g r e g a t e c a p a c i t y o f t h o s e h y d r o -

e l e c t r i c p o w e r p l a n t s f o r t h e p u b l i c s e r v i c e w h i c h w e r e i n o p e r a t i o n i n 

l a t i n A m e r i c a i n 1 9 5 8 a n d o n w h i c h d a t a a r e a v a i l a b l e w a s c o n t r i b u t e d b y 

p l a n t s o f t h e r u n - o f - r i v e r t y p e , a n d t h e r e s t b y h y d r o s t o r a g e p l a n t s ( s e e 

t a b l e 1 7 ) « T h e p r o p o r t i o n o f p o w e r p r o d u c e d by t h e f o r m e r w a s 3 6 p e r c e n t . 

I n m o s t c o u n t r i e s - t h e e x c e p t i o n s b e i n g A r g e n t i n a , B r a z i l , C o l o m b i a , M e x i c o , 

P e r u , U r u g u a y and, o n a s m a l l e r s c a l e , E l S a l v a d o r w h i c h i n t h e y e a r i n 

q u e s t i o n h a d a l a r g e r p r o p o r t i o n o f h y d r o e l e c t r i c c a p a c i t y i n a s t o r a g e 

r e s e r v o i r r u n - o f - r i v e r h y d r o p l a n t s w e r e p r e d o m i n a n t « I n f a c t , f o r 

many y e a r s t h e g e n e r a l t e n d e n c y w a s t o d e v e l o p h y d r a u l i c r e s o u r c e s o f t h e 

C o r d i l l e r a t y p e - s m a l l f l o w s a n d r e l a t i v e l y h i g h h e a d s , w i t h o u t r e g u l a t i o n * 

P l a n t s w e r e p r o j e c t e d f o r m i n i m u m r i v e r f l o w s f r e q u e n t l y a v a i l a b l e f o r 

m o r e t h a n . 9 5 p e r e e n t o f t h e t i m e . T h i s i s t h e t y p e o f p l a n t f o r w h i c h 

8 / W h e n t h e B a y g o r r i a p o w e r s t a t i o n i s b r o u g h t i n t o s e r v i c e i n t h e n e a r 
f u t u r e ( I 9 6 0 ) , o v e r 4 5 p e r c e n t o f t h i s r i v e r ' i s p o t e n t i a l w i l l b e u t i l i z e d « 

/Table 16 
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Cuadro 16 
L A T I N A M E R I C A : U T I L I Z A T I O N O F H Y D R 0 3 I S C T R I C P O T E N T I A L I N T H E 

C A S E O F S E L E C T E D R I V E R B A S I N S ( 1 9 5 8 ) 

C o u n t r y - B a s i n o r 
S u b - b a s i n 

I n s t a l l e d h y d r o e l e c t r i c c a p a c i t y 

T h o u s a n d s o f k W 
e s t i m a t e d 

e c o n o m i c 
p o t e n t i a l o f 

t h e b a s m 
A r g e n t i n a : T u n u y á n - D i a m a n t e - A t u e l 

R í o N e g r o 
. C ó r d o b a S y s t e m 

B o l i v i a R i v e r C o r a n i 
B r a z i l R i v e r S a n F r a n c i s c o 

R i v e r J a c u ì 
R í o G r a n d e 
R i v e r U r u g u a y 
R i v e r P a r a i v a 

- R i v e r T i e t é 
C h i l e R i v e r M a u l e 

R i v e r B í o - B í o 
R i v e r M a i p o 

C o l o m b i a R i v e r B o g o t a 
R i v e r C a u c a ( a s f a r a s B u g á ) 

C o s t a R i c a R i v e r R e v e n t a z ó n 
R i v e r G r a n d e d é T á r c e l e s 

C u b a 
D o m i n i c a n 

R e p u b l i c 
E c u a d o r 

E l S a l v a -
d o r 

G u a t e m a l a 
H a i t i 
H o n d u r a s 
M e x i c o 

N i c a r a g u a 
P a n a m a 
P a r a g u a y 
P e r u 
U r u g u a y 
V e n e z u e l a 
B r i t i s h 

G u i a n a 
S u r i n a m 
W e s t 

I p d i e s ^ 

R i v e r M i r a 
R i v e r E s m e r a l d a s 

R i v e r L e m p a 
R i v e r M i c h a t o g a 

Y o j o a - R í o L i n d o 
R i v e r B a l s a s 
L e r m a - C h a p a l a - S a n t i a g o 
P a p a l o a p á n 
R í o V i e j o 

R i v e r C h i r i q u í 

R i o S a n t a 
R í o N e g r o 
R i v e r C a r o n i 

R i v e r S u r i n a m 

7 4 
12 100 

198 
7 7 

1 0 5 
7 

6 6 4 
8 7 6 
102 

8 7 
118 
128 
18 

5 
62 

3 16 

4 5 
12 

4 4 9 
201 
1 5 4 a / 

52 
128 

3 5 

5 . 4 
0 . 5 

3 5 . 7 

6 . 4 
. . . 

1 . 5 

6.6 
3 . 7 

1 9 . 7 12.8 
. 1.1 

0 . 9 
38.8 

2.0 
10.0 

5 - 4 

11.0 
30.8 

3 . 0 

5 . 2 
26.1 
• 0 . 3 

S o u r c e : E C L A , cm t h e b a s i s o f d i r e c t i n f o r m a t i o n 
a / B e t w e e n 1 9 5 8 a n d 1 9 5 9 . 

a n d m i s c e l l a n e o u s p u b l i c a t i o n s , 

/ i n v e s t m e n t r e q u i r e m e n t s 
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i n v e s t m e n t r e q u i r e m e n t s a r e p r o p o r t i o n a l l y s m a l l e s t , b u t i t i m p l i e s v e r y 

l o w p e r c e n t a g e s o f d e v e l o p m e n t o f n a t u r a l r e s o u r c e s . L a t e r , i n r e s p o n s e 

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

a g r i c u l t u r a l a n d d r i n k i n g - w a t e r r e q u i r e m e n t s , large r e g u l a t i o n w o r k s b e g a n 

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

w a t e r u t i l i z a t i o n . A t t h e p r e s e n t t i m e , i n a l m o s t a l l t h e c o u n t r i e s o f 

t h e r e g i o n , t h e i d e a i s g a i n i n g g r o u n d t h a t n o h y d r a u l i c p r o j e c t s h o u l d b e 

p u t i n t o e x e c u t i o n w i t h o u t p r i o r s t u d y o f t h e o p t i m u m u s e o f w a t e r i n toe 

w i d e s t i n t e r e s t s o f t h e p u b l i c , d u e c o n s i d e r a t i o n b e i n g s i m u l t a n e o u s l y 

g i v e n t o t h e n e e d s a n d p o s s i b i l i t i e s f o r i r r i g a t i o n , d r i n k i n g - w a t e r , f l o o d 

c o n t r o l , n a v i g a t i o n , e t c . , w i t h t h e p r o d u c t i o n o f e l e c t r i c e n e r g y , g e n e r a l l y 

s p e a k i n g , a s t h e e c o n o m i c - f i n a n c i a l b a s i s f o r a n y a n d e v e r y p r o g r a m m e . 

A r g e n t i n a , B r a z i l , C h i l e , C o l o m b i a , M e x i c o a n d U r u g u a y i n p a r t i c u l a r 

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

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

will gradually increase in a l l the latin A m e r i c a n c o u n t r i e s , a l o n g w i t h t h e 

c o n c u r r e n t t e n d e n c y t o m a k e m o r e u s e o f t h e m f o r p r o d u c i n g e n e r g y d u r i n g 

p e a k - l o a d h o u r s ( l o w p l a n t f a c t o r ) i n s y s t e m s f e d s i m u l t a n e o u s l y b y t h e r m a l 

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

o t h e r w a t e r u s e s p e r m i t ) , a s i s t h e c a s e i n t h e m a j o r i t y o f t h e m o r e h i g h l y 

d e v e l o p e d c o u n t r i e s . 

I n a n e x t e n s i v e s y s t e m f e d b y p o w e r s t a t i o n s o f d i f f e r e n t t y p e s , i t i s 

d e s i r a b l e t h a t t h e b a s e l o a d b e s e r v e d a s f a r a s p o s s i b l e b y t h e r u n - o f - r i v e r 

h y d r o p l a n t s ( o r b y n u c l e a r p l a n t s w h e r e t h e s e e x i s t ) , w i t h s o m e h e l p - a s 

a r u l e s i g n i f i c a n t - f r o m t h e r m a l p o w e r p l a n t s ( t h o s e w i t h t h e h i g h e s t y i e l d s ) 

a n d / o r a f e w o f t h e h y d r o s t o r a g e p l a n t s . T h e u p p e r p a r t o f t h e l o a d c u r v e 

i s a s s i g n e d t o a c o n s i d e r a b l e p r o p o r t i o n ( o r a l l ) o f t h e s e l a s t , w i t h t h e 

s u p p o r t o f g a s t u r b i n e s ( w h e r e t h e s e e x i s t ) . T h e i n t e r m e d i a t e s e c t i o n -

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

a l l o c a t e d t o t h e t h e r m a l p l a n t s w i t h l o w e r y i e l d s . I n e v e r y c a s e , o f 

c o u r s e , t h e r e a r e m a n y f a c t o r s t h a t m u s t b e c o n s i d e r e d i n t h i s r e g a r d * F o r 

e x a m p l e 3 t h e o t h e r u s e s t o w h i c h t h e w a t e r i s s i m u l t a n e o u s l y p u t ( i r r i g a t i o n , 

n a v i g a t i o n , e t c . ) m a y m a k e i t n e c e s s a r y t o m a n a g e t h e r e s e r v o i r s o n l i n e s 

/Table 17 
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Table 17 

L . A T I N A M E R I C A : C A P A C I T Y A N D P R O D U C T I O N O F H Y D R O E L E C T R I C P O W E R 
S T A T I O N S F O R T H E P U B L I C S E R V I C E , 1 9 5 8 

R u n - o f - r i v e r p l a n t s a / S t o r a g e p l a n t s S t o r a g e b / 
c a p a c i t y 2 ' 

( m i l l i o n s 
o f M ' J h ) 

C o u n t r y C a p a c i t y 
( t h o u s a n d s 

E n e r g y 
( m i l l i o n s 

C a p a c i t y 
( t h o u s a n d s 

E n e r g y -
( m i l l i o n s 

S t o r a g e b / 
c a p a c i t y 2 ' 

( m i l l i o n s 
o f M ' J h ) o f k W ) o f k W h ) o f k W ) o f k W h ) 

S t o r a g e b / 
c a p a c i t y 2 ' 

( m i l l i o n s 
o f M ' J h ) 

A r g e n t i n a 5 8 1 1 9 e / 2 0 2 5 4 6 c / 
4 3 

. 4 8 4 
B o l i v i a 5 2 1 9 5 1 8 

5 4 6 c / 
4 3 2 9 

B r a z i l d / 9 2 2 1 7 9 9 1 5 8 0 1 1 8 9 7 3 3 6 0 
C h i l e 2 1 9 1 0 0 5 1 9 1 8 9 1 5 1 5 e / 
C o l o m b i a 1 9 5 7 8 7 c / 2 5 8 1 1 4 3 ç / 7 5 
C o s t a R i c a 7 3 2 7 4 - mat •• 
C u b a 3 ••• - , 

D o m i n i c a n R e p u b l i c - • - m -

E c u a d o r 3 L 1 3 0 - • - -

E l S a l v a d o r . 1 1 5 4 4 5 1 4 9 3 8 
G u a t e m a l a 2 6 1 0 6 - m m 
H a i t i • - . «* •• - « ' -

H o n d u r a s 4 1 1 mm -

M e x i c o 4 0 1 1 4 8 2 7 0 6 t/ - 2 6 7 4 3 1 7 0 
N i c a r a g u a 1 3 - • -
P a n a m a g/ 6 1 4 - . - -

P a r a g u a y - - - -
P e r u 6 8 1 6 5 1 4 5 W 6 3 3 y 1 5 9 
U r u g u a y 4» • - 1 2 8 7 6 0 6 0 0 
V e n e z u e l a 3 5 1 3 8 - -
B r i t i s h G u i a n a 
S u r i n a m 
W e s t I n d i e s 1 3 
R e g i o n a l t o t a l ( e x c l u d -

i n g c o u n t r i e s f o r w h i c h 
n o d a t a a r e g i v e n ) 2 1 1 8 

• •• ... 
8 5 

4 5 6 8 

• • • 
a . • 

••• • •• 
• • • 

3 2 7 3 1 8 7 3 6 8 4 3 0 

S o u r c e ; E C L A , o n t h e b a s i s o f d i r e c t i n f o r m a t i o n a n d m i s c e l l a n e o u s p u b l i c a -
t i o n s . 

y W i t h o u t r e s e r v o i r s . 
' W T h e k W h c a p a c i t y o f e a c h s t o r a g e p l a n t w a s e v a l u a t e d o n t h e b a s i s o f t h e 

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

c f E s t i m a t e d e n e r g y . 
W T h e f o l o w i n g a r e t h e p o w e r s t a t i o n s w i t h a n a p p r e c i a b l e d e g r e e o f r e g u l a t i o n 

t i o n w h i c h a r e t a k e n i n t o a c c o u n t : N i l o P e c a n n a , F o n t e s , C u b a t a o , I t u p a -
r a r a n g a , P e i x o t o , B u g r e s , C a n a s t r a , S a l t o G r a n d e , , A m e r i c a n a a n d I t u t i n g a . 
W h e n t h e T r e s M a r i a s p o w e r s t a t i o n a n d r e s e r v o i r ( R i v e r S a n F r a n c i s c o ) 
e n t e r o p e r a t i o n , t h e c a p a c i t y a d d e d w i H . b e 5 2 0 MW a n d t h e e n e r g y c a p a c i t y 
s t o r e d w i l l i n c r e a s e b y 4 0 0 0 m i l l i o n k W h , i n c l u d i n g t h e h e a d o r t h e P a u l o 
A l f o n s o P o w e r S t a t i o n , 

e / T h e u s e f u l s t o r a g e c a p a c i t y o f t h e A b a n i c o P o w e r S t a t i o n w a s i n p r o c e s s 
o f e x p a n s i o n . 

f / H y d r o e l e c t r i c p l a n t s b e l o n g i n g t o t h e M i g u e l A l e m A n S y s t e m . T h e T e m a s c a l 
. ( P a p a l o a p & i ) P o w e r S t a t i o n , t h e N e c a x a S y s t e m . L e n n a a n a L a B o q u i l l a . 

gf E x c l u d i n g t h e P a n a m a C a n a l C o m p a n y 1 ® p o w e r s t a t i o n f o r w a n t o f p r o d u c t i o n 
. d a t a . 

j y P o w e r s t a t i o n s c o n n e c t e d w i t h t h e n a t u r a l r e s e r v o i r s i n t h e u p p e r b a s i n 
o f t h e S t a . E u l a l i a . ( P a r t o f t h e d i s c h a n g e u t i l i z e d i s r u n - o f - r i v e r # f r c m 
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d i f f e r e n t f r o m t h o s e d i c t a t e d b y e n e r g y c o n s i d e r a t i o n s a l o n § . A g a i n , r u n -

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

o p e r a t e d s o a s t o d i s t r i b u t e t h e i r c a p a c i t y b e t w e e n b a s e - l o a d a n d p e a k - l o a d 

e t c . . 

T o d a y i t c a n b e a s s e r t e d t h a t a l l t h e p l a n t s o f a n y i m p o r t a n c e n o w 

b e i n g c o n s t r u c t e d , p r o j e c t e d a n d p r o g r a m m e d i n L a t i n A m e r i c a i n c l u d e 

r e g u l a t i o n w o r k s . 

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

t h r o u g h o u t t h e r e g i o n ( i n 1 9 5 8 ) a m o u n t e d t o a p p r o x i m a t e l y 3 6 p e r c e n t ó f 

t h e e n e r g y p r o d u c e d b y t h e h y d r o p o w e r p l a n t s a n d a b o u t 4 5 p e r c e n t o f t h a t 
9 / 

p r o d u c e d b y h y d r o s t o r a g e p l a n t s . ' " 

B r a z i l ( S a o P a u l o - C u b a t o , R í o d e J a n e i r o - F o n t e s a n d N i l o P e < ; a n h a - P e i x o t o 

S y s t e m s ) , M e x i c o ( M i g u e l A l e m á n S y s t s u ) , U r u g u a y ( R I o N e g r o ) , A r g e n t i n a ( C o r d o b a a n d 

M e n d o z a S y s t e m s ) a n d C h i l e ( A b a n i c o a n d C i p r e s e s S y s t e m s ) a r e t h e c o u n t r i e s 

w h o s e s t o r a g e c a p a c i t y i s p r o p o r t i o n a l l y b i g g e s t i n r e l a t i o n t o t h e e n e r g y 

p r o d u c e d ( 1 9 5 8 f i g u r e s ) b y t h e p o w e r p l a n t s c o n c e r n e d « 

U t i l i z a t i o n o f p u b l i c s e r v i c e i n s t a l l a t i o n s i n 1 9 5 8 c a n b e s t u d i e d , b y 

c o u n t r i e s . , i n t a b l e 1 8 ( s e c o n d c o l u m n ) . I n c o u n t r i e s w h e r e t h e s h a r e o f 

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

f i g u r e s o f m o r e t h a n 4 , 5 0 0 h o u r s a r e f r e q u e n t l y m e t w i t h , a n d t h e a v e r a g e 

f o r L a t i n A m e r i c a e x c e e d s 4 , 6 0 0 h o u r s . T h e r e g i o n ' s m o s t i m p o r t a n t 

e l e c t r i c i t y s y s t e m s ( b u t - f o r a f e w e x c e p t i o n s , o u t s t a n d i n g a m o n g w h i c h a r e 

B u e n o s A i r e s , C a r a c a s , H a v a n a , G u a y a q u i l a n d A s u n c i ó n ) o p e r a t e w i t h h y d r o 

b a s e p o w e r p l a n t s w h o s e i n s t a l l e d c a p a c i t y i s g e n e r a l l y c h a r a c t e r i z e d b y 

a h i g h d e g r e e o f h y d r o ^ o g i c r e l i a b i l i t y . I n s m a l l e r s y s t e m s t h e b a s e l o a d 

i s o f t e n s e r v e d b y r u n - o f - r i V e r h y d r o p l a n t s , d i e s e l g r o u p s b e i n g a v a i l a b l e 

t o c o v e r t h e i n c r e a s e i n d e m a n d a t p e a k l o a d h o u r s a n d t o m e e t e m e r g e n c i e s » 

T h e l o w u t i l i z a t i o n o f A r g e n t i n a ' s h y d r o p o w e r p l a n t s i s p a r t l y 

A t t r i b u t a b l e t o t h e p e a k r o l e a s s i g n e d t o s o m e o f t h e h y d r o s t o r a g e p l a n t s , 

a n d p a r t l y r e f l e c t s t h e l a c k o f s u p p l e m e n t a r y w o r k s a t s p e c i f i c p o w e r 

2 / S e e t a b l e 1 7 , n o t e b / . 
/Table 18 
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Table 18 
LATIN AKERICA: DEVELOÌKENT OF INSTALLS) HYDROEI£CTRIC CAPACITO FOR 

UŒ HJBLIC SERVICE, BY PROGRAMMES 

1958 
Annual 

Ceuntty ¿ T * " ? ^ I U m ^ 
(thousands 

1*5 
Capaoity 
(thousands 

1970 
Capacity 
(thoussnds 

Annual rate of Increase 
ef capacity 

of Id?) ti on of«/) of 3d?) 1958-65 I958-70 of Id?) (hours) 
of 3d?) 

Argentina 260 2 558 728 2 578 15.8 21.0 
Bolivia 70 3 4oo 130 • • • 9.2 • • • 

Brazil (2 525) . 5 4?4 5 792 12.5 • • • 

Chilo 1+10 ' 4 624 985 1 489 13.3 11.3 
Colombia 4 5 3 " " 4 2é0 1 141 1 799 14.1 -, .. 12.2 
Costa Rica " '75 3 753 135 . : . ; • • • 9.1 
Cuba - m • * • • • • • • • 

Domlniecn Republic 'm • • • • • • 

Ecuador 31 . 4 l?4 101 • • • 18.3 
El Salvador $6 3 «25 V «* ... 8.0 
Guatemala 26 4 077 98 20.8 
Haiti ' • • • 

Honduras . 4 . 2 75Ó • • • • . 

Mexico 1 107 3 754 2 556 2/ • • • 14.9 
Nicaragua 1 3 ooft • • • • • • ' 

Panatasi/ 2 350 ......' • • • 

PWaguay «•. - • • • 

Peru 213 3 74« 859 1 419 2S.0 17.1 
Uruguay 128 5 938 233 933 : • 8.9 18.0 
Venezuela 35 • . 3 943 350 4 350 39.* 49.5 
British Guiana - • • • 

Surinam - -
Tobago and Trinidad 13 5 538- • • • • • • 

Regional total 
(excluding the 
countries for 
•which ne data 

12 5S8 13.6 19.4 are given) 5 405 4 640 13 220 12 5S8 13.6 19.4 

Souro9> EC LA, on the basis of direct infornntîen and ni soellaneou? publio-r/tions. 
o/ ÎJpto 1964. Conpafifa Federal do Elaotrlcldad (C.P.E, ) prograœme. 
b/ Excluding the ponana Canal Conoany's power stations* for vaut of production data* 
o/ The figure given represents the taaxtunai oapacity freely available for the publie service at the 

I50 ni/ power station uhloh is being constructed by the Surinam Aluninium Coapany (SORALCO) under 
an agreement with the aueen of the Netherlands represented by the Government of Surinam« 

- / p l a n t s i n 
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p l a n t s i n t h e p r o v i n c e s o f M e n d o z a a n d C d r d o b a . ® - ' . 

U n f o r t u n a t e l y , t h e i n f o r m a t i o n a v a i l a b l e i s i n s u f f i c i e n t f o r a n a n a l y s i s 

o f p l a n t s i n s e r v i c e o r u n d e r c o n s t r u c t i o n i n r e s p e c t o f d e g r e e o r t y p e o f 

r e g u l a t i o n ( d a i l y , w e e k l y , s e a s o n a l , a n n u a l e t c ) , h e a d , a g e o f i n s t a l l a t i o n s , 

e t c . 

T h e f o r e g o i n g r e m a r i e s r e l a t e s o l e l y t o h y d r o j g T W ô r p l a n t s f o r t h e p u b l i c 

s e r v i c e . I n t h e c a s e o f s e l f - g e n e r a t i o n o r , i n o t h e r w o r d s , p r i v a t e 

s u p p l y s e r v i c e s , t h e r m a l p o w e r p l a n t s g e n e r a l l y p r e d o m i n a t e ( p e t r o l e u m , s u g a r , 

m a n u f a c t u r i n g a n d m i s c e l l a n e o u s i n d u s t r i e s , e t c ) , a l t h o u g h t h e r e a r e c o u n t r i e s 

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

( P e r u , B o l i v i a ) . T h e p r o p o r t i o n o f t o t a l s e l f - g e n e r a t i o n r e p r e s e n t e d b y 

h y d r o e l e c t r i c p r o d u c t i o n i s a p p r o x i m a t e l y 3 5 p e r c e n t » 

6, Developments projected 
S e v e r a l c o u n t r i e s have official p r o g r a m m e s f o r t h e e x p a n s i o n o f t h e 

p u b l i c s e r v i c e systems; i n o t h e r s * "the leading e n t e r p r i s e s h a v e d r a w n u p 

t h e i r o w n d e v e l o p m e n t p r o g r a m m e s . I n b o t h c a s e s t h e r e a r e s o m e d i v e r g e n c i e s 

b e t w e e n toe g o a l s e s t a b l i s h e d a n d t h e p r o g r e s s a c t u a l l y a c h i e v e d i n t h e 

v a r i o u s w o r k s p r o j e c t e d f o r d i f f e r e n t d a t e s . T h e r e l e v a n t d a t a , u n a d j u s t e d , 

c o n s t i t u t e d t h e b a s i s f o r toe l a s t f o u r c o l u m n s o f t a b l e I B , w h i c h p r e s e n t s 

p r o j e c t i o n s o f h y d r o e l e c t r i c c a p a c i t y f o r t h e p u b l i c s e r v i c e f o r t h e y e a r s 

1 9 6 5 a n d 1 9 7 0 , t o g e t h e r w i t h t h e - c o r r e s p o n d i n g a n n u a l r a t e s o f c u m u l a t i v e 

g r o w t h f o r t h e p e r i o d s 1 9 5 8 - 6 5 a n d 1 9 5 8 - 7 0 . 

T h e 1 3 c o u n t r i e s f o r w h i c h d a t a u p t o 1 9 6 5 a r e a v a i l a b l e w i l l p r o b a b l y 

i n s t a l l , i n t h e a g g r e g a t e s 7 . 8 m i l l i o n h y d r o e l e c t r i c few d u r i n g t h e p e r i o d 

1 9 5 8 - 6 5 , w h i c h g i v e s a c u m u l a t i v e a n n u a l r a t e o f 1 3 . 6 p e r c e n t . S i m i l a r l y , 

t h e p r o g r a m m e s o f t h e 6 c o u n t r i e s f o r w h i c h d a t a u p t o 1 9 7 0 a r e t o h a n d 

r e p r e s e n t , i n t h e a g g r e g a t e , toe i n s t a l l a t i o n o f 1 1 , 1 m i l l i o n t W d u r i n g t h e 

p e r i o d 1 9 5 8 - 7 0 . T h i s i m p l i e s ' « c u m u l a t i v e a n n u a l g r o w t h r a t é o f 1 9 . 4 p e r 

c e n t . B o t h e s t i m a t e s c l e a r l y r e v e a l t h e i m p o r t a n c e o f h y d r o e l e c t r i c 

d e v e l o p m e n t i n t h e r e g i o n d u r i n g t h e n e x t f e w y e a r s * U p t o 1 9 6 5 , t h e j 

1 0 / F o r l e s M o l i n o s I , w h i c h h a s a n a v e r a g e o f o n l y 2 , 6 0 0 h o u r s o f u t i l i z a c -
t i o n , t h e c o n s t r u c t i o n o f t h e A n i z S c a t e d y k e i s u n d e r s t u d y . S i m i l a r l y , 
a c o m p e n s a t i n g r e s e r v o i r w o u l d s e e m t o b e n e e d e d a t toe S a n R o q u e d y k e 
p o w e r , p l a n t , 

/ l a r g e s t a b s o l u t e 
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l a r g e s t a b s o l u t e i n c r e m e n t s w o u l d s e e m t o b e t h o s e p l a n n e d b y B r a z i l a n d 

M e x i c o / ^ ( 3 . 2 ? a n d 1 . 4 5 m i l l i o n k W r e s p e c t i v e l y ) , C o l o m b i a , P e r u , C h i l e a n d 

A r g e n t i n a f o l l o w i n g w i t h 0 . 6 9 , 0 . 6 4 , 0 . 5 8 a n d 0 . 4 6 m i l l i o n k W r e s p e c t i v e l y . 

U p t o 1 9 7 0 , V e n e z u e l a a n d A r g e n t i n a , w h i c h a r e p r o j e c t i n g 4 . 3 a n d 2 . 3 

m i l l i o n k l t f , a r e o u t s t a n d i n g a m o n g t h e c o u n t r i e s w i t h k n o w n p r o g r a m m e s . 

T h e h i g h e s t r a t e s o f g r o w t h r e g i s t e r e d i n t h e p e r i o d 1 9 5 8 - 6 5 , w h i c h 

e a s i l y e x c e e d t h e r e g i o n a l a v e r a g e , a r e t h o s e r e c o r d e d b y V e n e z u e l a , P e r u , 

G u a t e m a l a a n d E c u a d o r ( 3 9 . 0 , 2 2 . 0 , 2 0 . 8 a n d 1 8 , 3 p e r c e n t r e s p e c t i v e l y ) . 

A l s o v e r y s i g n i f i c a n t a r e t h e c o r r e s p o n d i n g f i g u r e s f o r A r g e n t i n a , M e x i c o y ^ 

C o l o m b i a , C h i l e a n d B r a z i l ( 1 5 * 8 , 1 4 « 9 , 1 4 . 1 , 1 3 « 3 a n d 1 2 . 6 p e r c e n t 

r e s p e c t i v e l y ) . 

F o r t h e p e r i o d 1 9 5 8 - 7 0 , t h e m o s t s t r i k i n g r a t e s a r e t h o s e o f 4 9 , 5 a n d 

2 1 , 0 p e r c e n t e s t i m a t e d f o r V e n e z u e l a a n d A r g e n t i n a . 

G e n e r a l l y s p e a k i n g , l a r g e r i n c r e m e n t s a r e c o n t e m p l a t e d f o r h y d r a u l i c 

c a p a c i t y t h a n f o r t h e r m a l c a p a c i t y i n a l m o s t a l l t h e L a t i n A m e r i c a n 

c o u n t r i e s . ^ ^ 

1 1 / C . F . E . p r o g r a m m e s o n l y , 

1 2 / I b i d . 

1 3 / E C L A , P r e s e n t s t a t u s a n d r e c e n t d e v e l o p m e n t o f e l e c t r i c e n e r g y i n 
L a t i n A m e r i c a , o p . c i t . 

/ C h a p t e r I I I 
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Chapter I I I 

A N A L Y S I S O F W A T E R R E S O U R C E S R E S E A R C H M E D I A I N L A T I N A M E R I C A 

1 » G e n e r a l c o n s i d e r a t i o n s 

I n v i e w o f t h e f u n d a m e n t a l i m p o r t a n c e o f t h e v a r i o u s u s e s o f w a t e r 

f o r t h e l i f e a n d d e v e l o p m e n t o f n a t i o n s , i t s e e m s w o r t h w h i l e t o r e c a l l 

o n c e m o r e , h o w e v e r b r i e f l y , t h é v i t a l s i g n i f i c a n c e a t t a c h i n g t o r e s e a r c h 

o n w a t e r r e s o u r c e s i n a l l p a r t s o f t h e w o r l d « 

I t i s c o m m o n k n o w l e d g e t h a t a n e s s e n t i a l r e q u i s i t e f o r t h e s t u d y o f 

a n y h y d r a u l i c p r o j e c t a n d f o r t h e d e s i g n i n g o f t h e c o n s t r u c t i o n s i n v o l v e d 

i s t h e a v a i l a b i l i t y o f t h e r e l e v a n t h y d r o l o g i c a l i n f o r m a t i o n , w h i c h m u s t 

f u l f i l t w o b a s i c c o n d i t i o n s ; t h e d a t a m u s t b e c h a r a c t e r i z e d f i r s t l y b y 

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

P r e v e n t i o n o f f l o o d c a t a s t r o p h e s a n d a v o i d a n c e o f t h e o v e r - d e s i g n i n g 

o f s t r u c t u r e s ( i n c l u d i n g t h e p l a n n i n g o f e l e c t r i c i t y p l a n t d i m e n s i o n s o n 

t o o l a r g e a s c a l e ) w h i c h r a i s e s c o n s t r u c t i o n c o s t s , à s w e l l a s t h e m o r e 

e f f i c i e n t o p e r a t i o n o f a l l h y d r a u l i c w o r k s , c o n s t i t u t e t h e r e w a r d s t h a t 

m o r e t h a n c o m p e n s a t e f o r t h e p r o p e r c o l l e c t i o n , p r o c e s s i n g a n d a n a l y s i s 

o f h y d r o l o g i c a l a n d h y d r o m e t e o r o l o g i c a l s t a t i s t i c s . M o r e o v e r , s u c h w o r k 

r e p r e s e n t s o n l y a s m a l l f r a c t i o n o f t h e i n v e s t m e n t - u s u a l l y s u b s t a n t i a l -

r e q u i r e d f o r h y d r a u l i c c o n s t r u c t i o n s , 

A l t h o u g h t h e p r o d u c t i o n o f e n e r g y i s n o t t h e p r i m a r y p u r p o s e f o r 

w h i c h w a t e r i s u s e d , t h e m a g n i t u d e o f L a t i n A m e r i c a ' s h y d r o e l e c t r i c 

r e s o u r c e s - w h i c h c a n b e d i v i n e d , r a t h e r t h a n a s s e s s e d , f r o in t h e s t a t i s t i c s 

p r e s e n t e d e a r l i e r - i n c o n j u n c t i o n w i t h t h e o u t s t a n d i n g c o n t r i b u t i o n 

t h e y a l r e a d y m a k e t o t h e s u p p l y o f e l e c t r i c i t y i n m a n y c o u n t r i e s , w o u l d 

a l o n e s u f f i c e t o j u s t i f y a d e t a i l e d a n a l y s i s o f t h e m e d i u m a v a i l a b l e f o r 

a s c e r t a i n i n g t h e d i s t r i b u t i o n a n d c h a r a c t e r i s t i c s o f w a t e r s o u r c e s t h r o u g h -

o u t t h e r e g i o n , a s a p r e l i m i n a r y t o a n y a t t e m p t a t t h e i n t e g r a t e d e v a l u a -

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

T h e U n i t e d N a t i o n s E c o n o m i c a n d S o c i a l C o u n c i l , i n a r e s o l u t i o n 

a d o p t e d o n 2 4 A u g u s t 1 9 5 4 , h a d r e c o m m e n d e d G o v e r n m e n t s a n d t h e a p p r o p r i a t e 

/ s p e c i a l i z e d a g e n c i e s 
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specialized agencies to give particular attention to the assembly of 
hydrological data.^ an activity which was undertaken by the United Nations 
Energy and Water Resources Programme. 

E C L A , a t i t s s i x t h s e s s i o n , i n r e s o l u t i o n 9 9 ( V I ) , r e c o m m e n d e d t o t h e 

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

p o t e n t i a l a n d o p t i m u m d e v e l o p m e n t o f r e s o u r c e s , a n d a t t h e C o m m i s s i o n ' s 

e i g h t h s e s s i o n , i n resolution 1 6 6 ( V I I I ) , t h i s r e c o m m e n d a t i o n w a s e n d o r s e d 

a n d r e a f f i r m e d . A j o i n t E C I A / B T A O / W M O w o r k i n g g r o u p i s m a k i n g d e t a i l e d 

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

G i v e n t h e l i m i t a t i o n s i n h e r e n t i n s u c h a s t u d y , t h e m a g n i t u d e o f t h e 

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

h y d r o l o g i c a l d a t a i n L a t i n A m e r i c a ( n u m b e r o f s t a t i o n s a n d l e n g t h o f 

t i m e c o v e r e d b y t h e r e c o r d s ) , i s t o o g r e a t f o r a n y t h i n g b u t a g e n e r a l 

p a n o r a m i c v i e w o f i t t o b e o b t a i n e d . N e v e r t h e l e s s , t h e f o l l o w i n g p o i n t s 

m a y b e b r o u g h t o u t s 

( a ) I n s e v e r a l c o u n t r i e s a b a s i s e x i s t s f o r m a k i n g - o r a t l e a s t 

b e g i n n i n g t o m a k e - a n e v a l u a t i o n o f t h e o r e t i c a l p o t e n t i a l s ( d i s c u s s e d 

i n c h a p t e r I ) , i n o r d e r t o o b t a i n m o r e r e l i a b l e d a t a o n t h e r e g i o n ' s 

h y d r o e l e c t r i c r e s o u r c e s a n d t h e i r g e o g r a p h i c a l d i s t r i b u t i o n ; 

( b ) A l t h o u g h v a r i o u s l o c a l s h a d e s o f d i f f e r e n c e c a n b e r e c o g n i z e d 

w i t h i n e a c h c o u n t r y a n d f r o m o n e c o u n t r y t o a n o t h e r , t h e o v e r a l l p i c t u r e 

o f t h e m e d i a f o r r e s e a r c h o n w a t e r r e s o u r c e s i s n o t v e r y s a t i s f a c t o r y ; 

( c ) T h e i m p o r t a n c e o f h y d r o l o g i c a l d a t a f o r t h e p r o j e c t i n g a n d 

o p e r a t i o n o f tydraulie w o r k s h a s n o t b e e n f u l l y g r a s p e d b y t h e a p p r o p r i a t e 

a u t h o r i t i e s , w h o a p p a r e n t l y d o n o t a l w a y s g i v e a d e q u a t e s u p p o r t t o t h e 

i n s t i t u t i o n s r e s p o n s i b l e f o r s u c h m e a s u r e m e n t s ; 

( d ) T h e f a c t t h a t t h e s h o r t a g e o f d a t a i s g r e a t e r i n t h e c a s e o f 

i l v e r s t a g e s e n d f l o w s t h a n , i n t h a t o f r a i n f a l l s u g g e s t s t h a t f o r t h e 

m o m e n t e v a l u a t i o n s m u s t b e p r i m a r i l y b a s e d o n p r e c i p i t a t i o n d a t a . I t 

a l s o i n d i c a t e s t h a t i n t h e e x p a n s i o n o f n e t w o r k s o f h y d r o l o g i c a l a n d 

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

1 / U n i t e d N a t i o n s E c o n o m i c a n d S o c i a l C o u n c i l . O f f i c i a l R e c o r d s ? 
E i g h t e e n t h S e s s i o n . R e s o l u t i o n s ( E / 2 6 5 4 ) , r e s o l u t i o n 5 3 3 (XVIII) 
( I n t e r n a t i o n a l c o - o p e r a t i o n w i t h r e s p e c t t o w a t e r r e s o u r c e 
d e v e l o p m e n t ) . 

/ f o r m e r w h i c h 
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f o r m e r w h i c h o f f e r p o s s i b i l i t i e s o f c o r r e l a t i o n , w i t h i n a f e w y e a r s ' 

t i m e , w i t h t h e p r e c i p i t a t i o n s t a t i o n s a l r e a d y i n o p e r a t i o n , w h o s e 

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

I n t h e f o l l o w i n g p a r a g r a p h s t h e s i t u a t i o n i n L a t i n A m e r i c a w i l l b e 

r a p i d l y r e v i e w e d , a l t h o u g h w i t h t h e p r o v i s o t h a t t h e l a c k o f b a s i c i n f o r -

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

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

w h i c h a r e n o t s t r i c t l y i n l i n e w i t h t h e f a c t s . T h e n u m e r i c a l d a t a g i v e n 

b e l o w s h o u l d t h e r e f o r e b e r e g a r d e d m e r e l y a s a f i r s t a p p r o x i m a t i o n t o t h e 

a n a l y s i s o f t h e p r o b l e m a t r e g i o n a l l e v e l . 

2 . N u m b e r o f p l u v i o m e t r e a . f l o w m e t r e s a n d e v a p o r i m e t r e s . 

fay c o u n t r i e s 

O f a l l t h e o b s e r v a t i o n s r e c o r d e d i n t h e f i e l d o f h y d r o l o g y , t h o s e 

r e l a t i n g t o t h e m e a s u r e m e n t o f p r e c i p i t a t i o n a r e ( t o g e t h e r w i t h v o l u m e 

o f f l o w m e a s u r e m e n t s ) t h e m o s t f u n d a m e n t a l l y i m p o r t a n t a n d , a t t h e s a m e 

t i m e , t h e m o s t w i d e s p r e a d . T h e e s t a b l i s h m e n t o f p r e c i p i t a t i o n / r u n - o f f 

r e l a t i o n s h i p s m a k e s i t p o s s i b l e , w h e n i n f o r m a t i o n o n s t r e a m f l o w v a r i a t i o n s 

i n a w a t e r c o u r s e i s i n a d e q u a t e , t o e s t i m a t e t h e s e o n t h e b a s i s o f p r e c i p i -

t a t i o n d a t a , w h i c h , e x c e p t i n a v e r y f e w c a s e s , c o n s t i t u t e t h e l o n g e s t 

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

S e v e r a l f a c t o r s a f f e c t a c o u n t r y ' s i d e a l m i n i m u m d e n s i t y r e q u i r e m e n t s 

i n r e s p e c t o f r a i n g a u g e s , t h e m o s t i m p o r t a n t b e i n g t h e i r r e g u l a r i t y o f 

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

t h e p u r p o s e w h i c h t h e o b s e r v a t i o n s a r e i n t e n d e d t o s e r v e . 

C o n s e q u e n t l y , t h e a r e a t h a t a r a i n g a u g e c a n r e p r e s e n t a t i v e l y c o v e r 
2 

v a r i e s w i d e l y ; h o w e v e r , f i g u r e s r a n g i n g f r o m 1 0 0 t o 1 , 0 0 0 k m p e r r a i n 

g a u g e m a y b e c o n s i d e r e d , o n a n a v e r a g e , t o r e f l e c t s a t i s f a c t o r y s t a t i o n 

d e n s i t i e s f o r m a n y p u r p o s e s i n v a r i o u s p a r t s o f t h e w o r i d . ^ T h e h i g h e s t 

d e n s i t i e s c o r r e s p o n d t o m o u n t a i n o u s d i s t r i c t s w h e r e r a i n f a l l i s m o r e 

u n e v e n l y d i s t r i b u t e d t h a n i n t h e p l a i n s . . . 

2 / S e e E C A F E . P r o c e e d i n g s o f t h e t h i r d r e g i o n a l t e c h n i c a l c o n f e r e n c e o n 
w a t e r r e s o u r c e s d e v e l o p m e n t i n A s i a a n d t h e F a r E a s t ? F l o o d C o n t r o l 
S e r i e s N o . 1 3 . U n i t e d N a t i o n s P u b l i c a t i o n s , S a l e s N o . s 5 9 . I I . F . 2 , 
B a n g k o k , 1 9 5 8 . 

/ A s r e g a r d s 
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A s r e g a r d s s t r e a m f l o w g a u g i n g s t a t i o n s , i t m a y b e c o n s i d e r e d d e s i r a b l e 

f o r t h e r e t o b e o n e a t t h e c o n f l u e n c e o f e v e r y i m p o r t a n t t r i b u t a r y w i t h 

t h e m a i n w a t e r c o u r s e , a s w e l l a s a t t a p p i n g s f e e d i n g e x i s t i n g w o r k s a n d 

a t s i t e s w h e r e t h e c o n s t r u c t i o n o f n e w p l a n t i s c o n t e m p l a t e d * D e s p i t e 

t h e f o r e g o i n g s u g g e s t i o n t h a t t h e i d e a l n u m b e r o f s t r e a m f l o w m e t r e s f o r 

a g i v e n b a s i n i s a f u n c t i o n o f t h e n u m b e r o f c o n f l u e n c e s o f m a j o r w a t e r 

c o u r s e s , b y a n a l o g y w i t h p r e c i p i t a t i o n s t a t i o n s ( a l t h o u g h t h e i r s i g n i -

f i c a n c e i s n o t t h e s a m e ) c o m p a r i s o n s a r e o f t e n e s t a b l i s h e d o n t h e b a s i s 

o f t h e a v e r a g e t e r r i t o r i a l a r e a c o r r e s p o n d i n g t o e a c h s t r e a m f l o w g a u g i n g 

station*^ 
N o t w i t h s t a n d i n g toe i m p o r t a n c e t h a t i s a t t r i b u t e d t o t h e d e t e r m i n a t i o n 

o f e v a p o r a t i o n b y e x p e r i m e n t i n o r d e r t o e s t a b l i s h w a t e r b a l a n c e s i n a 

b a s i n o r a r e a , t h e s i m p l e m e t h o d s i n u s e ( s u c h a s t h e t a n k o r P i c h e 

e v a p o r i m e t r e a n d t h e Livingstone a t m o m e t r e ) d o n o t e x a c t l y m e a s u r e t h e 

natural p r o c e s s o f e v a p o r a t i o n , and are therefore r e g a r d e d a s only 
relative i n d i c a t o r s o f t h e p h e n o m e n o n t h e y a t t e m p t t o a s s e s s * C o n s e -

quently, rules for determining the optimum number of evaporimetres for 
a s p e c i f i c t e r r i t o r i a l area have not y e t b e e n l a i d down* 

T a b l e 1 9 s h o w s t h e t o t a l n u m b e r o f r a i n g a u g e s , f l o w m e t r e s a n d r 

e v a p o r i m e t r e s i n s e r v i c e i n e a c h o f t h e L a t i n A m e r i c a n c o u n t r i e s * I n 

t h e c a s e o f r a i n g a u g e s a n d f l o w m e t r e s , t h e a v e r a g e a r e a o f m a i n l a n d 

t e r r i t o r y p e r i n s t r u m e n t i s a l s o g i v e n * T o g e t h e r w i t h r a i n g a u g e s h a v e 

b e e n c o u n t e d s n o w g a u g e s , w h i c h a r e f e w i n n u m b e r a n d , a c c o r d i n g t o t h e 

d a t a a v a i l a b l e , a r e t o b e f o u n d o n l y i n a f e w l o c a l i t i e s h i g h u p i n t h e 

A n d e a n m a s s i f a n d , a s a r u l e , f a r f r o m t h e e q u a t o r . T h e c o u n t r i e s 

p o s s e s s i n g t h e l a r g e s t n u m b e r a r e A r g e n t i n a , w h i c h h a s 8 8 , a n d C h i l e , 

w h i c h h a s 2 4 , O n l y i n 1 0 c o u n t r i e s d o e s t h e o v e r a l l a v e r a g e f i g u r e 
o 

f o r t h e a r e a p e r r a i n g a u g e f a l l b e l o w 1 , 0 0 0 k m * E l S a l v a d o r , t h e 

D o m i n i c a n R e p u b l i c , H a i t i , U r u g u a y a n d C o s t a R i c a s h o w t h e m o s t 

2/ See W , B * L a n g h e i m a n d W , G . H o y t , W a t e r F a c t s f o r t h e N a t i o n ' s 
F u t u r e » N e w Y o r k , 1 9 5 9 , p , 6 3 , f o r a n a c c o u n t o f v a r i a t i o n s i n t h e 
U n i t e d S t a t e s f r o m 6 , 5 0 0 k m 2 p e r s t a t i o n i n a r i d a n d s p a r s e l y 
p o p u l a t e d S t a t e s l i k e N e v a d a t o 1 , 7 0 0 k m ? p e r s t a t i o n i n toe m o r e 
d e n s e l y p o p u l a t e d E a s t e r n S t a t e s , w i t h t h e i r d a m p e r c l i m a t e , 

/ s a t i s f a c t o r y a v e r a g e s 
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2 
s a t i s f a c t o r y a v e r a g e s ( 2 1 0 , 2 3 4 , 2 8 0 , 3 4 0 a n d 4 0 0 torn p e r r a i n g a u g e , 

r e s p e c t i v e l y ) , C u b a , P a n a m a , G u a t e m a l a , A r g e n t i n a , V e n e z u e l a a n d 
2 

M e x i c o a r e t h e o t h e r c o u n t r i e s w i t h a v e r a g e s o f l e s s t h a n 1 , 0 0 0 k m 

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

s i z e w h i c h h a v e a h i g h p o p u l a t i o n d e n s i t y a n d w h o s e e c o n o m i e s a r e 

h e a v i l y d e p e n d e n t u p o n t r o p i c a l c r o p s ( c o f f e e , c a c a o , s u g a r - c a n e , e t c . ) 

a r e a m o n g t h e b e s t e q u i p p e d i n r e s p e c t o f . p r e c i p i t a t i o n s t a t i o n s p e r 

u n i t o f t e r r i t o r i a l a r e a . C o n v e r s e l y , P e r u , B o l i v i a a n d B r a z i l a r e 

t h o s e r e g i s t e r i n g t h e l a r g e s t a v e r a g e a r e a p e r r a i n g a u g e ( 1 0 , 1 0 0 , 

5 , 5 0 0 a n d 3 , 3 0 0 k m , r e s p e c t i v e l y ) . I n t h e r e m a i n i n g c o u n t r i e s a v e r a g e s 

e x c e e d i n g 1 , 0 0 0 k m 2 p e r r a i n g a u g e a r e f o u n d C h i l e a n d E c u a d o r h a v e 

e a c h s i g n e d ( I 9 6 0 ) a g r e e m e n t s w i t h t h e U n i t e d N a t i o n s S p e c i a l F u n d w i t h 

a v i e w t o t h e e x p a n s i o n a n d i m p r o v e m e n t o f t h e i r m e t e o r o l o g i c a l a n d 

h y d r o l o g i c a l n e t w o r k s o n t h e b a s i s o f t h e s t u d i e s c a r r i e d o u t b y t h e 

E C L A / T A 0 / W M S W a t e r R e s o u r c e s S u r v e y G r o u p i n t h e s e t w o c o u n t r i e s . T h e 

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

T h e d a t a a v a i l a b l e a r e n o t s u f f i c i e n t l y c o m p l e t e t o a l l o w o f a 

d e t a i l e d a n a l y s i s o f t h e p r o p o r t i o n o f r a i n r e c o r d e r s i n t h e c o r r e s p o n d i n g 

p r e c i p i t a t i o n s t a t i o n s . A c c o r d i n g t o t h e i n f o r m a t i o n t o h a n d , t h e 

h i g h e s t r e l a t i o n s h i p s w o u l d s e e m t o b e f o u n d i n P a n a m a , C o l o m b i a , E l 

S a l v a d o r , C o s t a R i c a a n d B r a z i l ( 4 2 , . 2 3 , 2 0 , 1 0 a n d 7 p e r c e n t r e s p e c -

t i v e l y ) » - T h e a d d i t i o n a l - d a t a s u p p l i e d b y t h e a u t o m a t i c r e c o r d i n g 

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

r e l i a b i l i t y , t o g e t h e r w i t h t h e f a c t t h a t r a i n r e c o r d e r s d o h o t r e q u i r e 

c o n s t a n t s u p e r v i s i o n ( a n d a r e t h e r e f o r e h i g h l y s u i t a b l e f o r s i t e s w h i c h 

a r e d i f f i c u l t o f a c c e s s o r a r e c u t o f f a l t o g e t h e r a t c e r t a i n t i m e s o f 

y e a r ) a r e s o m a n y m o r e r e a s o n s f o r t h e u s e o f a n i n c r e a s i n g p r o p o r t i o n 

o f t h e s e i n s t r u m e n t s i n L a t i n A m e r i c a , d e s p i t e t h e i r h e a v i e r c o s t , 

' 2 h j I n E u r o p e t h e a v e r a g e a r e a p e r m e t e o r o l o g i c a l s t a t i o n i s 1 9 2 k m a n d 
i n t h e U n i t e d S t a t e s 1 , 5 3 6 k n £ . S e e R u d o l f S c h r o e d e r , S t u d y o f . 
w a t e r r e s o u r c e s i n V e n e z u e l a . P r e s e n t s t a t e o f h y d r o m e t e o r o l o g y 
( a j o i n t E C L A / T A 0 / W M 5 s t u d y i n d r a f t f o r m ) , w h i c h a l l u d e s t o a 
q u o t a t i o n , i n a r e p o r t b y R o b e r t G r a c e , f r o m H . L a n d s b e r g , P h y s i c a l 
C l i m a t o l o g y . P e n n s y l v a n i a S t a t e C o l l e g e , , 1 9 4 1 . 

/Table 19 
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Table 1? 

LATIN AHERÍCAj NUt-íBER CP RAIH GAÜGES, PtCfif METERS 
AND EVAPORIMETER» IN SERVICE 

' Henalt? ef 
Area of puliation Rain gauges Flow meters Evaporime 

ten Country Tear territory in 1958 Average Average Evaporime 
ten 

(km2) 
(number of 
In habitants 
per km ) 

Kumber ares per 
mln 
&.uge 

Kumber area per 
flow meter 

Evaporime 
ten 

Argentina (1959) 2 778 Ul2 7 3 «13. 769 5 3 ^ 5 17t 110 
Bolivia (1S59) 1 058 581 3 2oqb/ 5 67 16 397 1 
Brazil (1955) 8 513 8 W 7 2 577 3 30U 1 2870/ 6 615 ... 
Chile (1959) 7Ul 767 10 ««79 1 5**9 260 2 853 19 
Colombia <1959* I 138 355 12 510d/ 2 232 i f¡y 5 778 8 
Costa Rica (1958) 50 900 21 128 398 15 3 393 H 
Cuba (1958) U U 52U 5* l88e/ 609 269/ I» 1*05 ... 
Dominican Republic (1958) 57 20ay 23U log/ U873 ... 
Ecuador (1958) 263 206 15 Bto/ 3061 I8j/ Ii» 623 ... 
El Salvador (195?) HQ 000 122 -.211 Ulh/ t¡88 ny 
Guatemala (1958) ICS 889 33 1 731 8®/ 13 611 7 
£!&>2><f? i t (1958) 27 750 123 lOOe/ 278 2$y 957 2 
Honduras (1958) 112 088 U (ay 1 808 IjOd/ 2 802 
Kexioo (1958) I 269 lé 2 0351/ 1 06b 9*51/ 2 0»tt 535 
Nicaragua (1958) 1U8 000 9 éoA/ 2 W 9 250 7 
Panaoa (including the 

Canal Zone) (I959) 75 902 W m y 67S 1 £15 f 0 
Faraway kaS 752 k - ... ... ees 
Peru (I959) 1 285 215 8 127 10 100 1/ 90 lit 300 35 
Uruguay (1959) 186 926 Ik wy 3Ua ,c* ... (•• y 
Venesuela (1959) 912 050 7 101%/ 898 iwy 3 678 1M3 
British Guiana al» 971 2 ... ... ... 
Surinam (1959) 1^2 822 2 6oS/ 2 380 m 
Vest Indies lé 552 146 ... ... ... • • • 

Sources; ECLA, on the basis of direct official Information (In the shape of replies to the relevant question» 
aaire) and miscellaneous publications (seo notos on Individual countries). . 

Hot<fe-Ths sources ef information acknowledged in connexion with this first table on the present subject, as 
wall as the years (shown In parenthesis) up to «*deh data have been taken Into account, are valid for 
the rana in in g tables* The areas adopted are those given In the United Nations Statistical Yearbook 1959» 

a/ Natl oral Department of Port Facilities and Navigpbl« Waterways (Dlreooldh Ks. clonal do Construool ones Portua-
rias y Vfes navegables)» Agua y Energía Eléctrica (1959) arid Anuario Hidrográfico 19H8-50. 

b/ R. Schroder, Sugerencias para la orflstnlzacl¿n do un servicio meteorológico e hidrológico adecuado para las 
necesidades deBollyia (I960), a Joint ECLA/TAC/V/MO study In oourse óf preparation, 

0/ Belonging mainly to the Water Department of the Ministry of Agriculture* 
Direct Information supplemented with the data provided by the Fan American Institute of Geography and 
History of the Organisation of American States, Estudios sobre Recursos Naturales ea tos Americas, México 
1953» Vol. II, Project 29, T — " T ! ! 

y Ibid, 
f/ R, SchrSder, Study of water resources in Eouador. Present state of fcydrcmeteoroloey (1959)» a Joint ECLA/ 

TAO/tiMO atudy in draft form-, (Four stations In the Galápagos Islands are not included.) 
gf Cte-rlec G. Brace. Rspcrt cr. vator resources in Eouador. a Joint ECLA/^AO/íMO study In draft form (1J59). 
y Atlllo Carola. Prieto, La investleaoi&i de recursos hidráulicos en El Salvador (CCE/feC.5/1/^.12).1959. 
1/ Fan American Institute of Geography and History, op. oit.. Vol, IV; Water Resources Department, tensa» 

Chapala-Santlago Study Commission, Boletín Hidrológico No. li Ingenerfe Bldrtfullca en Hfeloo. February 
1956; and Federal Electricity Ccmmlssicn, Boletín Hidrológico Ho. 2; Cuenca Rfo Balsas, 

/Table 19. (cont. ) 
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Table 19 (ccnt'lsd) 

¿/ Baa American Institute of Geography «ad History, op, clt., Vol. I; National Energy Conmlseicn, Plan de 
Electrificación Hacloaal e Imrestlaaclfa de loa Recurs08 Hidráulicos (CCE/5C.5/1/BI .1). 

k/ Plan American Institute of Geograph and History, op. clt.. Vol. X; Inter-American Co-operative Economic 
Development Service (Servicio Cooperative Intareaerlcano de gemente Eocnfiaioo - SCIFE), Prey coto de Re-
cura es Hidráulicos y Electrificación, 1*0. • 

y The average figure for el̂ ct southern departments is 4 km per min gauge (see data quoted fron a 
report tgr Robert Grace in Study of teter resources In Venezuela, op« -clt.). 

D/ State Electricity, Gas and Telephones (Oslraa y Teléfonos del Estade - OTE), Memoria Bescrlptlva General 
del Rfo Hegro y de las Obras Hidroeléctricas 0enstruf das. 1559» 

n/ Ministry of Public Vöries, Beatmen de Dates Bldrantftrlcoa 1940-59. and data supplied bor the Natloml 
Institute of Sanitary Engineering (Instituto Kaoloml de Obras Sanitarias - INOS). 

0/ Bckopondo Bureau, Appraisal Survey of Hydroelectric fewer Ras purees in Surinam. 

/ A s r e g a r d s 
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A s r e g a r d s . f l o w m e t e r s ( s e e t a b l e 1 9 ) , E l S a l v a d o r , H a i t i , P a n a m a , 

M e x i c o , H o n d u r a s a n d C h i l e a r e t h e b e s t - e q u i p p e d c o u n t r i e s , t h e . r e s p e c t i v e 

a r e a s p e r u n i t b e i n g 4 9 0 , 9 6 0 , 1 , 6 2 0 , 2 , 0 4 0 , 2 , 8 0 0 a n d 2 , 8 5 0 km . C o s t a 

R i c a , V e n e z u e l a , C u b a , t h e D o m i n i c a n R e p u b l i c a n d ' A r g e n t i n a f o l l o w 

w i t h 3 , 3 9 0 , 3 , 6 8 0 , 4 , 4 0 0 , 4 , 8 7 0 a n d 5 , 1 7 0 km p e r f l o w m e t e r . T h e 

. a v a i l a b l e d a t a i n d i c a t e t h a t t h e l a r g e s t a r e a s p e r s t r e a m g a u g i n g 0 

s t a t i o n a r e f o u n d i n B o l i v i a , E c u a d o r , P e r u a n d G u a t e m a l a , w i ^ e r e 

16, 
4 0 0 , 1 4 , 6 2 0 , 1 4 , 3 0 0 a n d 1 3 , 6 1 0 k m ^ p e r u n i t a r é r e g i s t e r e d « , - ^ . 

T h e i n f o m a t i o n t o h a n d i s i n s u f f i c i e n t f o r a p r e c i s e a n a l y s i s * 

b y c o u n t r i e s , o f t h o s e h y d r o l o g i c a l s t a t i o n s w h i c h m e a s u r e o n l y r i v e r 

s t a g e s , w i t h rx> p o s s i b i l i t y o f t h e d a t a o b t a i n e d b e i n g c o n v e r t e d i n t o 

t e r m s o f s t r e a m f l o w s t h r o u g h d i s c h a r g e c u r v e s a l r e a d y o r a b o u t t o 

b e e s t a b l i s h e d . H o w e v e r , t h e s t a t i s t i c s p r e s e n t e d a b o v e r e l a t e o n l y 

t o s t a t i o n s d e s i g n e d f o r f l o w m e a s u r e m e n t p u r p o s e s , e x c e p t i n t h e e a s e 

o f A r g e n t i n a , w h e r e t h e y i n c l u d e d a t a r e f e r r i n g t o 2 0 0 s t a t i o n s 

o p e r a t e d b y t h e N a t i o n a l D e p a r t m e n t o f P o r t F a c i l i t i e s a n d N a v i g a b l e 

W a t e r w a y s ( D i r e c c i é n N a c i o n a l d e C o n s t r u c c i o n e s P o r t u a r i a s y V í a s , 

N a v e g a b l e s ) s o l e l y f o r t h e r e g i s t r a t i o n o f r i v e r s t a g e s f o r n a v i g a t i o n 
j\J F u r t h e r l i g h t i s s h e d o n t h e s u b j e c t b y a c o m p a r i s o n w i t h t h e s i m i l a r 

s i t u a t i o n p r e v a i l i n g i n s o m e o f t h e c o u n t r i e s o f A s i a a n d t h e F a r E a s t 
i n 1 9 5 5 , a s i n d i c a t e d i n t h e f o l l o w i n g t a b l e : 

T o t a l a r e a N u m b e r o f N u m b e r o f N u m b e r o f 
C o u n t r y i n km i n h a b i t a n t s k a 2 p e r k m 2 p e r 

p e r k m 2 r a i n g a u g e f l o w m e t e r 

B u r m a 6 7 7 9 5 0 2 9 3 6 6 0 
6 5 6 1 0 1 3 1 1 3 7 2 2 4 

f 1 ^ 3 2 8 8 3 7 5 1 1 6 9 3 4 6 4 5 0 
J a p a n 369 813 241 83 138 
R e p u b l i c o f K o r e a 93 ¿ 3 4 2 3 0 2 3 4 0 1 6 1 0 
Laos 237 000 6 59 300 47 500 
F e d e r a t i o n o f 1 3 1 2 8 7 4 6 • 1 2 9 5 0 1 

M a l a y a 
P a k i s t a n 9 4 4 8 2 4 8 7 1 6 3 0 4 1 8 0 
P h i l i p p i n e s 2 9 9 4 0 4 7 4 1 4 5 0 1 3 1 0 
T h a i l a n d $ 1 4 0 0 0 3 9 1 2 8 0 2 9 4 0 

S o u r c e : E C A F E , P r o c e e d i n g o f t h e t h i r d r e g i o n a l t e c h n i c a l c o n f e r e n c e 
o n . w a t e r r e s o u r c e s d e v e l o p m e n t i n A s i a a n d t h e F a r E a s t f o p . c i t « 

/ p u r p o s e s » T h e 
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p u r p o s e s * T h e g r e a t m a j o r i t y o f t h e f l o w m e t e r s c o n s i s t o f f i r m c r o s s -

s t r e a m s e c t i o n s ( w e i r s , b r i d g e c o r n e r s , g a u g i n g f r a m e s a n d s t r u c t u r e s , 

a q u e d u c t s o f r e i n f o r c e d c o n c r e t e o r m a n s o i i r y , e t c . ) f i t t e d w i t h s i m p l e 

s c a l e s ( l i m n i m e t e r s j f o r r e a d i n g t h e l e v e l o f t h e w a t e r . T h e f l o w s i n 

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

b a s i s o f d i r e c t g a u g i n g , o r s p e c i f i c r e l a t i o n s h i p i n h y d r a u l i c m o d e l s « 

T h e n u m b e r o f c a s e s i n w h i c h s c a l e s a r e b e i n g r e p l a c e d b y a u t o m a t i c 

r e c o r d e r s ( l i m n i g r a p h s ) , w h i c h h a v e a d v a n t a g e s s i m i l a r t o t h o s e a l r e a d y 

p o i n t e d o u t i n t h e c a s e o f r a i n r e c o r d e r s , i s i n c r e a s i n g i n t h e v a r i o u s 

c o u n t r i e s , b u t t h e r e l a t i v e s h a r e o f t h e s e i n s t r u m e n t s i n t h e t o t a l i s 

s t i l l n o t v e r y h i g h . T h u p , i t w a s p o s s i b l e t o e s t a b l i s h t h a t i n t h e 

c o u n t r i e s l i s t e d t h e y a c c o u n t e d f o r t h e f o l l o w i n g p e r c e n t a g e s : C o s t a . 

R i c a , 1 0 0 ; C o l o m b i a , 2 5 ; E l S a l v a d o r , 1 7 ; A r g e n t i n a , 1 3 j a n d E c u a d o r , 6 » 

I n o t h e r c o u n t r i e s , e i t h e r d a t a a r e l a c k i n g o r t h e f i g u r e s g i v e n a r e s o 

l o w a s t o b e o f d u b i o u s v a l u e . 

W h e r e e v a p o r a t i o n s t a t i o n s i n o p e r a t i o n a r e c o n c e r n e d , M e x i c o , . 

V e n e z u e l a a n d A r g e n t i n a a r e q u i t e o u t s t a n d i n g , w i t h 5 3 5 , 1 4 3 a n d 1 1 0 

r e s p e c t i v e l y . T h e c o r r e s p o n d i n g f i g u r e s f o r P e r u , C h i l e a n d C o l o m b i a a r e , 

r e s p e c t i v e l y , 3 5 , 1 9 a n d 8 . B o l i v i a , C o s t a R i c a , E l S a l v a d o r , G u a t e m a l a , 

H a i t i a n d N i c a r a g u a a l s o r e c o r d o b s e r v a t i o n s o f t h i s t y p e » 

A l t h o u g h i n s o m e c o u n t r i e s , s u c h a s A r g e n t i n a , B r a z i l , C h i l e , C o l o m b i a 

a n d M e x i c o , s e d i m e n t t r a n s p o r t a t i o n i s m e a s u r e d i n c e r t a i n w a t e r c o u r s e s , 

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

s t u d y . 

3 » N u m b e r o f r a i n g a u g e s a n d f l o w m e t e r s , b y s e l e c t e d 

b a s i n s a n d s u b - b a s i n s 

I n e a c h i n d i v i d u a l c o u n t r y , o f c o u r s e , r a i n g a u g e s a n d f l o w m e t e r s 

a r e v e r y u n e v e n l y d i s t r i b u t e d , - a s c a n b e s e e n f r o m a c o m p a r i s o n o f t a b l é 1 9 

w i t h t a b l e 2 0 . T h e l a t t e r s h o w s t h e s i t u a t i o n i n s o m e o f t h e b a s i n s a n d 

s u b - b a s i n s w h i c h a r e m o s t t h r o u g h l y s t u d i e d i n e a c h c o u n t r y , w i t h r e s p e c t . 

t o t h e a v e r a g e a r e a c o v e r e d b y e a c h r a i n g a u g e a n d f l o w m e t e r i n o p e r a t i o n » 
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Table 20 
L A T I N A M E R I C A : E X I S T I N G E Q U I P M E N T I N S C J ® O P T I E B A S I N S A N D S U B - B A S I N S W H E R E 

R E S E A R C H I S H O S T S A T I S F A C T O R Y , B Y C O U N T R I E S 

R a i n g a u g e s F l o r ç / m e t e r s 

C o u n t r y , b a s i n o r 
s u b - b a s i n 

T o t a l a r e a 
( k m ? ) N u m b e r 

A v e r a g e 
a r e a p e r 

r a i n 
g a u g e 
( k m ? ) 

N u m b e r 

A v e r a g e 
a r e a p e r 

f l o w 
m e t e r 
( k m 2 ) 

A r g e n t i n a 
R i o N e g r o 
C o r d o b a S y s t e m a / 
N o r t h e r n s o n e b / 

1 8 9 1 9 6 
7 0 8 7 3 

1 7 0 0 0 0 

1 0 2 
2 3 7 
3 2 0 

, 1 8 5 5 
2 9 9 
5 3 1 

4 9 
2 9 
7 9 

3 8 6 1 
2 I M 
2 1 5 2 

B o l i v i a 
L a g o T i t i c a c a - R x o D e s a g u a -

d e r o 4 3 4 0 0 3 2 1 3 5 6 4 1 0 8 5 0 

B r a z i l 
R i v e r D o c e 
R i v e r P a r a n a i b a 
R i o G r a n d e 
R i v e r U r u g u a y 
R i v e r S a n F r a n c i s c o 
R i v e r T i e t é 

8 8 o o o 
2 1 9 0 0 0 
1 4 7 0 0 0 
1 6 9 0 0 0 
6 1 4 0 0 0 

7 2 0 0 0 

9 3 
2 4 

1 6 5 
1 1 4 
4 7 6 

7 6 

9 4 6 
9 1 2 5 

8 9 1 
1 4 8 2 
I 2 9 0 

9 4 7 

1 1 6 c / 
5 7 c / 

1 6 6 c / 
1 1 8 e / 
1 7 8 c / 

3 7 

7 5 9 
3 8 4 2 

8 8 6 
1 4 3 2 
3 4 4 9 
1 9 0 0 

C h i l e 
R i v e r M a i p o 
R i v e r B i o - B i o 

1 6 0 0 0 
2 6 9 6 0 

5 3 
4 8 

3 0 2 
5 6 2 

1 5 
1 9 

1 0 6 7 
1 4 1 9 

C o l o m b i a 
R i v e r C a u c a ( a s f a r a s 

M a n i z a l e s ) 
R i v e r M a g d a l e n a ( a s f a r a s 

H o n d a ) 

2 5 1 4 2 

5 6 9 0 3 

• 4 7 

1 2 7 

5 3 5 

4 4 8 

3 8 

6 9 ; 

6 6 2 

8 2 5 

C o s t a R i c a 
R i v e r G r a n d e d e T â r c o l e s 
R i v e r R e v e n t a z ó n 

2 1 0 5 
2 1 0 5 . 

2 2 
2 7 

9 6 
7 8 

4 
5 

5 2 6 

C u b a 
R i v e r H a n a b a n i l l a 2 0 0 • • • • • • • • • • • • 

D o m i n i c a n R e p u b l i c 
R i v e r Y a q u e d e l N o r t e . 7 0 0 0 7 1 0 0 0 

E c u a d o r 
R i v e r G u a i l l a b a m b a ( i n t e r -

A n d e a n z o n e ) 
R i v e r ¿ t a b i 

k 0 0 0 
1 1 0 0 

'• 3 
- 3 . 

1 3 3 3 
3 6 7 

• • 2 . • 
1 

2 0 0 0 
1 1 0 0 

E l S a l v a d o r 
R i v e r L e m p a ( a s f a r a s 

M 5 d e N o v i e m b r e " p o w e r 
S t a t i o n ) 6 5 4 0 4 0 1 6 4 2 1 3 1 1 
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C o u n t r y » b a s i n o r 
3 a b - b a s i n 

R a i n g a u g e s F l o w / m e t e r s 

T o t a l a r e a 
( k m 2 ) N u m b e r 

A v e r a g e 
a r e a p e r 

r a i n 

S » 

N u m b e r 

A v e r a g e 
a r e a p e r 

f l o w 
m e t e r 
(tag) 

G u a t e m a l a 
L a k e A m a t i t 1 án-River 

M i c h a t o g a . 
L a k e A t i t l á h 

H a i t i 

2 700 
5 6 0 

1 5 
4 

180 
140 

2 700 

H o n d u r a s 
R i v e r U l ú a 
R i v e r C h a m a í e c é n 

2 4 2 9 0 
6 5 4 8 

M e x i c o 
R i v e r L e m a - C h a p a l a - S a n t i a g o 1 2 5 5 5 5 
R i v e r B a l s a s 1 0 8 0 0 0 

N i c a r a g u a 
L a k e N i c a r a g u a a n d R i v e r 

S a n J u a n 2 9 0 0 0 

P a n a m a 
R i v e r C h i r i q u í 1 7 0 0 
R i v e r S a n t a M a r i a 3 3 0 0 

P a r a g u a y 
• • • • • • 

P e r u 
R i v e r R i m a c 3 6 3 0 
R i v e r M a n t a r o ( a s f a r a s 

C h i n c h i h u a s i t r i b u t a r y ) 2 7 5 9 0 

U r u g u a y 
R i o N e g r o 6 9 1 7 5 

V e n e z u e l a 
R i v e r T u y 6 7 5 0 
L a k e V a l e n c i a 2 8 0 0 

B r i t i s h G u i a n a ... ~ 
S u r i n a m .. * ••• 
W e s t I n d i e s 

13 
9 

208 
4 5 

2 7 

7 
11 

4 

9 

1 2 9 
7 1 

1 868 
7 2 7 6 

6 0 4 
2 400 

1 0 7 4 

2 4 3 
300 

908 

3 066 

5 2 
3 9 

18 
2 

6 7 
5 3 

6 
6 

5 

1 5 

12 

7 4 
1 4 

1 3 5 0 
3 2 7 4 

1 8 7 4 
2 038 

4 1 4 3 

2 8 3 
5 5 0 

726 

1 8 3 9 

5 7 6 5 

9 1 
200 

S o u r c e s : S e e t a b l e 1 9 . 
a / I n c l u d i n g R i v e r s P r i m e r o , S e g u n d o , T e r c e r o , C u a r t o a n d C a r c a r a ñ a . 
b / C o n s i s t i n g o f t h e u p p e r b a s i n s ( i n A r g e n t i n e t e r r i t o r y ) o f t h e f o l l o w i n g r i v e r s : 

B e r m e j o , a s f a r a s E l o r d i ; S a l a d o , a s f a r a s S u n c h o ? C o r r a l ; a n d D u l c e , a s f a r a s 
S a n t i a g o d b l E s t e r o , 

c / B e l o n g i n g m a i n l y t o t h e w a t e r D e p a r t m e n t o f t h e M i n i s t r y o f A g r i c u l t u r e , 
d / A r e a o f t h e b a s i n i n N i c a r a g u a t e r r i t o r y . 
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As regards rainfall measurement a, for example, the position of Peru, 
B o l i v i a a n d B r a z i l i s w o r t h n o t i n g . A l t h o u g h f o r t h e i r t e r r i t o r i e s 

as a whole the largest average areas per station are indicated, the 
figures for specific basins are a good deal more favourable. In the 
basins of the Rivers Rimac and Mantaro (as far as the Chinchihuasi 
tributary), in Peru, 908 and 3,066 km per rain gauge are registered. 
The Titicaca—River Desaguadero basin, in Bolivia, shows 1,356 km2 

per rain gauge, and for the basins of the Rio Grande and the River Tietê, 
in Brazil, the corresponding figures are 891 and 947 km , respectively. 
Similar observations apply to the other countries in respect of both 
precipitation and stream flow measurement. The other highly enlightening 

- aspect of table 20 is that relating to the experience afforded by the 
Latin American countries - as to the area - in terms of broad averages 
for which a rain gauge or flow meter seems sufficiently representative, 
in basins, where hydraulic works are in operation, under construction or 
projected. In most of tee basins studied the equipment ascertained to 

2 exist implies an area of less than 1,000 km per rain gauge, and in the 
Cordillera and other mountainous districts (see Chile, Colombia and 

.. 2 Ecuador) this figure is reduced to some 500 ka per rain gauge. As regards 
stream gauging (due allowance being made for-the comparatively negligible 
significance attaching, as already pointed out, to indications of the area 
for *Mch, on an average, one flow meter is considered adequate), between 
500 and 2,000 km per station might be mentioned as common. These 
statistics throw into relief the inadequacy of the media available for 
the collection of hydro logical and hydrometeorological data in Latin 
America as a whole. 

4» Length of records 

The flow of water in a river may vary a great deal year by year, 
from one season of the year to another, and even at different times of 
day. Consequently, it is of the greatest importance that, continuous 
records of thé flow be available, and that they should cover a long ' 
period, so that the mean monthly, seasonal or annual discharges 
that may be counted upon for a project can be ascertained with the 

/requisite degree 
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r e q u i s i t e d e g r e e o f a c c u r a c y ® M o r e o v e r , t h e p e a k a n d m i n i m u m d i s c h a r g e s 

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

c o n d i t i o n s f o r a p r o j e c t . F o r e x a m p l e , e x c e p t i o n a l l y h i g h d i s c h a r g e 

f i g u r e s , w i t h f r e q u e n c i e s a s d i s t a n t a s 1 i n 1 , 0 0 0 o r 1 i n 2 , 0 0 0 y e a r s , 

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

A s t h e h i g h a n d l o w e x t r e m e s o c c u r t o o i r r e g u l a r l y f o r t h e s e p e a k 

a n d m i n i m u m d i s c h a r g e s t o b e e s t a b l i s h e d b y e x t r a p o l a t i o n , t h e l o s s 

o f o n e s u c h o p p o r t u n i t y o f r e c o r d i n g t h o u m a y m e a n t h a t m a n y y e a r s 

w i l l p a s s b e f o r e a s i m i l a r s i t u a t i o n r e c u r s . I t i s f o r a l l t h e s e 

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

t h e c o n s t r u c t i o n o f w o r k s i s b e g u n . 

S e r i o u s c a t a s t r o p h e s a r i s i n g f r o m d a m f a i l u r e s h a v e h a d t h e i r o r i g i n 

i n t h e u n d e r - e s t i m a t i n g o f m a x i m u m f l o o d d i s c h a r g e s t h r o u g h l a c k o f . 

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

A g a i n , s u b s t a n t i a l l o s s e s a r e c a u s e d b y o v e r - d e s i g n i n g o f w o r k s a n d 

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

— i n a d e q u a t e h y d r o l o g i c d a t a w h o s e . c h i e f - d e f i c i e n c y i s t h a t t h e t i m e 

c o v e r e d b y t h e r e c o r d s i s t o o s h o r t . L a t i n M e r i c a a f f o r d s s e v e r a l 

e x a m p l e s o f h y d r o e l e c t r i c p o w e r s t a t i o n s c o n s t r u c t e d f o r o v e r - e s t i m a t e d 

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

n o t b e o v e r l o o k e d t h a t t h e o p p o s i t e s i t u a t i o n a l s o e x i s t s , a n d t h a t t h e 

s o u r c e i s s o m e t i m e s u n d e r - u t i l i z e d b e c a u s e i t w o u l d n o t b e s a f e t o 

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

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

w h i c h w e r e f o r m e r l y i n s t a l l e d a s p a r t o f t h e p e r m a n e n t m e a s u r e m e n t n e t w o r k " 

b u t h a v e b e e n c l o s e d d o w n o r d i s a a n t l e d b e f o r e t h e c o m p l e t i o n o f a -

h y d r o l o g i c a l p e r i o d t h a t c a n b e r e g a r d e d a s r e p r e s e n t a t i v e o r e n a b l e s 

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

r a i n f a l l o r s t r e a m f l o w r e c o r d s , s o t h a t t h e i n i t i a l e f f o r t a n d w o r k 

h a v e b e e n w a s t e d . S u c h s i t u a t i o n s a r e o f t e n d u e t o l a c k o f f u n d s f o r , 

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

/ W h e n t h e 
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W h e n t h e d a t a f o r t h i s s t u d y w e r e b e i n g c o l l e c t e d , t h e r e w e r e 

i n s t a n c e s i n w h i c h i n f o r m a t i o n w a s o b t a i n a b l e o n l y u p t o t h e e a r l y 1 9 5 0 ' s M 

F o r t h e s a k e o f u n i f o r m i t y w i t h t h e m a j o r i t y o f c o u n t r i e s , f o r w h i c h d a t a 

w e r e a v a i l a b l e u p t o D e c e m b e r 1 9 5 8 , t h e p e r i o d o f y e a r s c o v e r e d b y t h e 

r e c o r d s o f t h e f o r m e r g r o u p w a s p r o l o n g e d o n t h e h y p o t h e s i s t h a t t h e 

o b s e r v a t i o n s h a d b e e n u n i n t e r r u p t e d » T h i s p r o c e d u r e m e a n t t h a t c o u n t r i e s 

f o r w h i c h i n d i r e c t a n d r a t h e r o u t - o f - d a t e i n f o r m a t i o n h a d b e e n o b t a i n e d , 

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

p r i o r t o 1 9 5 8 , w e r e p r o b a b l y c r e d i t e d w i t h f e w e r s e t s o f e q u i p m e n t t h a n 

t h e y a c t u a l l y p o s s e s s e d , b u t w e r e n o t m u c h a f f e c t e d a s r e g a r d s t h e l e n g t h 

o f t h e i r r e c o r d s . ' 

T a b l e 2 1 p r e s e n t s a b r e a k - d o w n o f s t a t i o n s b y t h e n u m b e r o f y e a r s t h e i r 

r e c o r d s c o v e r , f o r . e a c h c o u n t r y a s a w h o l e a n d f o r s e l e c t e d e x a m p l e s o f t h e 

b e t t e r - k n o w n b a s i n s . . T h e t a b l e i n c l u d e s m a n y e s t i m a t e s a n d m u s t b e r e g a r d e d 

a s h i g h l y p r o v i s i o n a l « D a t a o n e x i s t i n g s t o c k s a n d s i t e s o f r a i n g a u g e s 

a n d f l o w m e t e r s w e r e a c t u a l l y m o r e c o m p l e t e t h a n t h o s e r e l a t i n g t o p e r i o d s 

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

a n d c a l c u l a t e t h e c o v e r a g e c o e f f i c i e n t , e s t i m a t e s w e r e m a d e w h e n t h e s e 

d a t a w e r e l a c k i n g , a s f a r a s p o s s i b l e o n t h e b a s i s o f c o n s i d e r a t i o n s 

r e l a t i n g t o t h e c r e a t i o n - o f t h e i n s t i t u t i o n a w n i n g t h e e q u i p m e n t o r t o t h e 

d a t e o f i n i t i a t i o n o f i t s a c t i v i t i e s ( r a i l w a y s t a t i o n s , a i r p o r t s , e t c . ) , 

a n d i n t h e r e m a i n i n g i n s t a n c e s b y t h e a r b i t r a r y a s s i g n m e n t o f l e n g t h s o f 

s e r i e s i n r e l a t i o n t o t h o s e k n o w n o f i n t h e s a m e c o u n t r y 

6 / T h i s w a s p r i n c i p a l l y t r u e o f t h e C e n t r a l A m e r i c a n c o u n t r i e s a n d t h e 
A n t i l l e s , i n w h o s e c a s e t h e w a n t o f d i r e c t i n f o r m a t i o n w a s s u p p l i e d 
m a i n l y b y r e c o u r s e t o t h e r e p o r t o f t h e P a n A m e r i c a n I n s t i t u t e o f 
G e o g r a p h y a n d H i s t o r y o f t h e O r g a n i z a t i o n o f A m e r i c a n S t a t e s , 
E s t u d i o a s o b r e R e c u r s o s N a t u r a l e s e n l a s A m e r i c a s . V o l . I I , P r o j e c t 2 9 , 
M e x i c o , 1 9 5 3 * 

2/ T h e c l a s s i f i c a t i o n i n t o g r o u p s w a s b a s e d o n t h e v i e w t h a t f o r t h e 
p u r p o s e s o f e x e c u t i n g a f i n a l p r o j e c t o f a v e r a g e i m p o r t a n c e r e c o r d s 
i n c o r p o r a t i n g l e s s t h a n 5 y e a r s o b s e r v a t i o n s a r e i n a d e q u a t e . R e c o r d s 
c o v e r i n g f r o m 6 t o 1 5 y e a r s m i g h t b e u s e d i n c e r t a i n s p e c i a l i n s t a n c e s , 
b u t w i t h r e s e r v a t i o n s . T h o s e i n t h e 1 6 - 3 0 y e a r s g r o u p m a y b e t a k e n 
a s s a t i s f a c t o r y i n m o s t c a s e s , a n d t h o s e o f o v e r 3 0 y e a r s , h i g h l y 
s a t i s f a c t o r y . 

/Table 21 
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LATINA AMERICAj BREAKDOWN OP STATIONS BY LENGTH OP RECORDS (NUMBER OP YEARS COVERED) 

Country» basins or 
sub-baalns Year 

Less than '6 to 15 
years 

Throughout the country 
16 to 30 
years 

Pre- Pre-
olpj. Plow olpi-
tation tatIon 

Flow 
Pre-
eipi 
tati on 

More than 
-30 years 
Pre-

In some of the basins «here res ear oh 
Is most satisfactory 

Plow 

Less than 6 to 15 
5 years years 
Pre Pre-

16 to 30 Mors than 
years 30 years 

Pre- Pre-olpl- Plow ~ ... olpl Plow olpl- Plow olpl Plow olpl Plow tati on tatIon tatIon tation' tation 

Argentina . 
Río Negro 
Cordova System a/ 
Northern zone b/ 

Bolivia 
Lake Tltloaea-Rlver Desaguadero 

Brasil " 
River Does 
Hiver Paratelba 
Bio Grands 
River Uruguay 
River San Franolsoo 
River Tlettf 

Chile 
River Halpo 
River Bio-Bio 

Colombia 
River Causa (as far as Manlsales) 
River Magdalena (as far as Honda) 

Costa Rica 
River Grondo da Tirooles 
River Reventazón 

Cuba 
River Ifembanllla 

Dominican Republic 
River Yaque del Norte 

(1959) 1 1 32V 27V 1 330a/ 77 956 188 

(1359) 18 30 53 27 73*/ 10 5%/ 

(1953) lio 12e 83(*/ 360 M06 737 1 22^/ 70 

(1559) 72 230a/ lito/ 92 68 

(1959) 282 132 122 49 79 l1» 

96 

27 

(1958) 42 10 51 34 

(1958) ••• ••• . . ••• ••• - ••• 

72 133 

10 

. - 37 
1 85 
- 115 

4 12 
Il 11 

2 2 
33 Í9 
15 12 
1 -

2 
9 

10 
10 

3 
7 
27 
Ht 

14 
6 

10 15 27 
71* Ito 24 

3 7 
5 il 

28 -, 33 
5 91 
59 121 

12 

25 
32 
22 
23 
1+2 
ié 

22 
16 

• • • • • • 

5 
16 
15 

85. 
14 

42 
4 
81 I'll 
13 76 
56 105 
16 21 

12 
8 

7 
2fr 

6 

1 
12 

26 16 
61 7 
84 5 

3 14 

12 
13 

• • • • • • 

2 *» 
1 

19 

3 
3 

o 
sO. 

O § 

r VjJ 
o 

• • • • • • 



ST/ECIA/CONF.7/L.3.0 
Page 80 

3 Oh 

1 Q g fr 
2 s I £ S a 
I I 

0 1 a 
s 

_ s 
** S d> fc a & 

s . § O «4 h a. 4> O .¡S 
s 

I M|S « «u U «4a a. og 

«À «H CQ 
5 S 4» e 
s* * 

g H 
m, 

•f 
a >i 

1 o 0 
8 

1 
1 o 
è e* 

a w »-J 

I S +» g 
® ? fei 1 e S tri 

o d 

2 o. O Ö 

5 

1 -H| C at a, -«• <* + o. o < « 
g H là. 
»sl § oí at «h t1 «« «a £ » I 

o 
so 

>1 t «<t 5 1 ® o. i. -f O. © £ 

§ 

1 «t § • ftl b H « O. O ÍJ 

I 8 
t 2 S H ® U> M 

S •-i fa 
I § « O. O 0 

5 S a <rl 
J§ s 
frf 4» ta 
§ & o o 

ot 

IA 

S OS 

I I 

I I 

I • 

H I 

I « 

CM rH 

S 

S 

oí M 

Jt C4 

> 

ON Ss 

i 
h QJ 9 
'S § •5 S 

1 J 
A rt 
«d «rt 

1 1 
& S. S S 
3 w 2 

J 
sï o SP«, 
» 1 « 5 
s. 
í I 
31 

s 

•a fa 
S « i 

i 

» » 

r* f\ 

#•» I 

n I 

I i 

I • 

VO 

m 

5 

o 
o 
s s. 
t. 

s ^ r! •f> •»» 
I s 
1 1 

Il J rt « I I 

I J I <N il 
CSI 

ti J5 n 

» Jt 

» » S "g 

OS JS-

I I 

I 

• t 

Ci I 

CD OI O i-í US SO SO t* r4 N 

-3- I ««2* 
CM 

US SO 

u> o 

co « 

t 
os US <r\ 
O M US 

£ 

* 
> 
H 

* 

sO OS OI 

co « 

CO Ci 

£ 

OS 
« 

4» e (S) 

«g 

<S I 2 i 

1 1 

J 
e 
1 

(O 
t. 
s S 
§ 

g « o 
\ 

u 

JS 0 
u 
1 

V 

? s 



Table 21 (oont'nd 2) 

In seme of the basins where researoh 
Throughout the-country 

Country, basin or sub-basin. Less than 
Sy«ars , 
Pw 
olpl Plow 
tatIon 

6 to 15 
years 

Pre 
olpl* Plow 
tation 

16 to 30 
years 

More than 
30 years 

Less than 
Is most satisfactory 

6 to 15 16 to 30 

Pre- Pre-
clpjl Plow olpl Plow 

g years years 

tation tation 

Pro» 
olpl- Plow 
tation 

Pre. 
. eipl̂  Plow 
tation 

years 
More than 
30 years 

Pre Pro 
olpl- Flow olpjl Flow 
tation tation 

Peru 
River Rlmao 
River Mantaro 

ürugusy 
Rio Negro 

Venezuela 
River Tty 
Lake Valenola 

British Guiana 

(1?5?) 22 32 8V 2 3a/ 20 I? 1 16 

(1?53) 5 ••• l ••• 

(1359) 221 202a/ 570a/ 30 166 16 . 3$ 
23 
9 

67. 
10 

2 

77 
ta 

2 
3 

21 
Ik 

8 
7 

Surinam 
••• 

Weat Indies 

Souroea: See table 13* 
Note» In the case of those countries for whioh the only data available were supplied by the Pan American Insitut» of Geography and History of the 

Organization of Amerloan States, Estudlos sobra reoursos naturdles en las Aatfrlcas, op« clt«« Vol* II, it was estimated that the preolpltatlon and 
stream gauging stations existing in 1353 and appearing in that publication were operating regularly in 1^8» 

a/Including estimates« 
b/ Consisting of the upper basins (in Argentine territory) of the following rlversj Bermejo, as far as elordlj Salado, as far as Sttnoho-Corralj and 

Duloe, as far as Santiago del Estero* 

*X3 CO OJ t-3 

n 

8 
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T h e l e n g t h o f r a i n f a l l r e c o r d s i s o f t e n c o n s i d e r a b l e ( o r r e l a t i v e l y 

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

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

t o t h e i r m a i n a c t i v i t i e s ( r a i l w a y c o m p a n i e s w h e n t h e i r , c o n s t r u c t i o n , 

w o r k s w e r e b e g u n , c r o p a n d s t o c k f a r m i n g e n t e r p r i s e s , a i r l i n e s , e t c . ) » 

T h e h i g h p r o p o r t i o n o f p r e c i p i t a t i o n s t a t i o n s w i t h r e c o r d s c o v e r i n g 

m a n y y e a r s i n B r a z i l , A r g e n t i n a , M e x i c o , B o l i v i a a n d C h i l e , f o r . 

e x a m p l e , i s w o r t h n o t i n g , a n d s o , o n t h e o t h e r h a n d , " i s t h e e x t e n s i v e 

b u t m o r e r e c e n t a c t i o n t a k e n by c e r t a i n o f f i c i a l a g e n c i e s i n c o u n t r i e s 

l i k e C o l o m b i a a n d V e n e z u e l a . 

A s r e g a r d s s t r e a m g a u g i n g , A r g e n t i n a , B r a z i l a n d M e x i c o c a n B e 

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

d a t e t h a n t h e o t h e r c o u n t r i e s o f t h e r e g i o n f o r w h i c h s u c h d a t a a r e 

a v a i l a b l e . C h i l e n e x t , a n d t h e n C o l o m b i a , a f f o r d e v i d e n c e o f m o r e 

r e c e n t l y s y s t e m a t i z e d a c t i v i t i e s o n t h e p a r t o f t h e o f f i c i a l b o d i e s 

r e s p o n s i b l e f o r t h i s w o r k , a n d t h e s a m e i s t r u e o f t h e C e n t r a l A m e r i c a n 

c o u n t r i e s . 

A s i m i l a r a n a l y s i s i n r e s p e c t o f c e r t a i n s e l e c t e d b a s i n s c o n f i r m s 

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

a n o t h e r w i t h i n t h e s a m e c o u n t r y , a n d e v e n a m o n g d i f f e r e n t r x v e r s i n t h e 

s a m e b a s i n o r f r o m o n e r e a c h o f a r i v e r t o a n o t h e r ^ a c c o r d i n g t o t h e i r 

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

5 » C o v e r a g e c o e f f i c i e n t 

I n o r d e r t o a s s e s s t h e l e v e l o f d e v e l o p m e n t o f h y d r o l o g i c a l r e s e a r c h 

i n a g i v e n b a s i n o r t e r r i t o r y , t h e c o v e r a g e i n d e x f o r r a i n f a l l m e a s u r e m e r i b s 

a n d s t r e a m g a u g i n g s i m u l t a n e o u s l y t a k e s i n t o a c c o u n t t h e d e n s i t y o f 

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

t w o e l e m e n t s p l a y i n d e p e n d e n t r o l e s . 

T h e i n d e x i n q u e s t i o n i s d e t e r m i n e d b y t h e p r o d u c t o f t w o f a c t o r s : 
2 ' t h e n u m b e r o f o b s e r v a t i o n s t a t i o n s p e r 1 0 , 0 0 0 k m o f t h e t e r r i t o r y . u n d e r 

s t u d y a n d t h e a v e r a g e a g e , i n y e a r s o f t h e c o r r e s p o n d i n g r e c o r d s » 

S f I n t h e p r e s e n t s t u d y i t w a s f e l t p r e f e r a b l e t o c o n s i d e r t h e n u m b e r o f 
s t a t i o n s p e r 1 0 , 0 0 0 k m 2 , i n s t e a d o f p e r 1 , 0 0 0 k m 2 a s i n t h e E C A F E r e p o r t 
r e f e r r e d t o a b o v e , s i n c e t h e s t a t i o n d e n s i t y f i g u r e w a s t o o l o w i n s o m e 
c o u n t r i e s * . . : * 

/Table 22 enumerates 
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T a b l e 2 2 e n u m e r a t e s t h e s e c o e f f i c i e n t s b y c o u n t r i e s , f o r b o t h 

p r e c i p i t a t i o n a n d s t r e a m g a u g i n g s t a t i o n s * 

T h e c o u n t r i e s i n w h o s e c a s e t h i s c o e f f i c i e n t r e f l e c t s t h e m o s t 

t h o r o u g h k n o w l e d g e o f p r e c i p i t a t i o n c o n d i t i o n s i n t h e i r t e r r i t o r y a r e 

E L S a l v a d o r , C u b a , A r g e n t i n a , M e x i c o , P a n a m a , C o s t a R i c a a n d G u a t e m a l a , t h e 

r e s p e c t i v e f i g u r e s b e i n g a s f o l l o w s : 7 6 5 , 3 9 3 . 6 , 3 1 3 , 2 9 9 , 2 9 2 , 2 6 8 a n d 

2 6 0 » C h i l e , V e n e z u e l a a n d N i c a r a g u a w o u l d s e e m t o o c c u p y a n i n t e r m e d i a t e 

p o s i t i o n , w i t h c o e f f i c i e n t s o f 1 2 4 , 1 2 2 a n d 1 0 7 r e s p e c t i v e l y , while P e r u , 

E c u a d o r , B o l i v i a , H o n d u r a s , C o l o m b i a a n d B r a z i l p r e s e n t t h e l o w e s t 

c o e f f i c i e n t s . A t t e n t i o n s h o u l d b e d r a w n , i n c o n n e x i o n w i t h t h e c o e f f i c i e n t 

u n d e r s t u d y , t o t h e i m p o r t a n c e a c q u i r e d i n s o m e c a s e s b y r a i n g a u g e 

d e n s i t y a n d i n o t h e r s b y t h e a v e r a g e a g e o f t h e r e c o r d s } A r g e n t i n a , 

C u b a a n d M e x i c o r e g i s t e r a n i n t e r m e d i a t e r a i n - g a u g e d e n s i t y a n d a h i g h 

a g e o f r e c o r d s , w h e r e a s E L S a l v a d o r a n d C o s t a R i c a s h o w a h i g h r a i n - g a u g e 

d e n s i t y a n d i r . t e m e d i a t e a g e o r r e c o r d s , w h i l e f o r N i c a r a g u a , B r a z i l 

a n d B o l i v i a t h e s t a - t i o n d e n s i t y i s l o w a n d t h e n u m b e r o f y e a r s c o v e r e d 

b y t h e r e c o r d s h i g h . 

C o v e r a g e c o e f f i c i e n t s f o r r e s e a r c h o n s t r e a m f l o w s a n d r i v e r s t a g e s 

m a r k o u t M e x i c o , E l S a l v a d o r , A r g e n t i n a , C h i l e a n d P a n a m a a s t h e c o u n t r i e s 

w i t h t h e b e s t k n o w l e d g e o f t h e i r t e r r i t o r y i n t h i s r e s p e c t , t h e r e l e v a n t 

f i g u r e s b e i n g 9 7 . a n d 5 3 , r e s p e c t i v e l y , f o r t h e f i r s t t w o , a n d 4 5 f o r t h e 

t h r e e l a s t - n a m e d . I n A r g e n t i n a ' s c a s e , i f o n l y t h o s e s t r e a m g a u g i n g 

s t a t i o n s w h i c h a r e o p e r a t e d f o r p u r p o s e s o f f l o w m e a s u r e m e n t a r e t a k e n 

i n t o a c c o u n t , t h e « » e f f i c i e n t d r o p s t o 1 6 . B r a z i l , U r u g u a y , V e n e z u e l a , 

N i c a r a g u a a n d C o l o m b i a a p p e a r i n a n i n t e r m e d i a t e p o s i t i o n w i t h 2 7 , 2 2 , 

1 6 , 1 4 a n d 1 2 . T h e l o w e s t c o e f f i c i e n t s a r e r e g i s t e r e d f o r E c u a d o r , 

B o l i v i a , G u a t e m a l a , H o n d u r a s , C o s t a R i c a a n d P e r u . 

I t s h o u l d b e n o t e d t h a t E l S a l v a d o r s h o w s t h e h i g h e s t s t a t i o n d e n s i t y 

a l o n g s i d e , o n t h e a v e r a g e , o n e o f t h e s h o r t e s t s e r i e s o f r e c o r d s ; a n d , 

c o n v e r s e l y , A r g e n t i n a p r e s e n t s a l o w s t a t i o n d e n s i t y t o g e t h e r w i t h t h e 

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

M a p s o f L a t i n A m e r i c a s h o w i n g , i n b r o a d o u t l i n e , t h e p r e c i p i t a t i o n 

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

b e l o w ( s e e m a p s I I I - l a n d I I I - 2 ) . 
/Table 22 
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Table 22 

L A T I N A M E R I C A : C O V E R A G E C O E F F I C I E N T S 

P r e c i p i t a t i o n r e c o r d s S t r e a m g a u g i n g r e c o r d s 

A v e r a g e N u m b e r o f 
C o e f f i -

A v e r a g e N u m b e r o f 
C o e f f i -C o u n t r y l e n g t h s t a t i o n s C o e f f i - l e n g t h s t a t i o n s C o e f f i -C o u n t r y 

e f J p e r 1 0 0 0 0 c i e n t o f p e r 1 0 OCX) c i e n t 
r e c o r d s k m 2 ( i ) x ( i i ) r e c o r d s k m 2 ( U i > * . 

( i ) a / ( i i ) 
( i ) x ( i i ) 

( i i i ) a / ( i t ) ( i v ) 

A r g e n t i n a 2 4 . 1 1 3 . 0 3 1 3 . 3 2 3 . 9 1 . 9 4 5 . 4 
B o l i v i a 1 9 . 8 1 . 9 3 7 . 6 7 . 0 0 . 7 4 ® 9 
B r a z i l 2 6 . 6 3 . 0 7 9 . 8 1 7 . 9 1 . 5 2 6 . 9 
C h i l e 1 9 . 0 6 . 5 1 2 3 . 5 1 0 . 8 4 . 2 4 5 . 4 
C o l o m b i a 9 . 8 6 . 0 5 8 . 8 6 . 5 1 . 9 1 2 . 4 
C o s t a R i c a 1 0 . 1 2 6 . 5 2 6 7 . 7 3 . 8 2 . 9 1 1 . 0 
Cuba 2 4 . 0 1 6 . 4 3 9 3 . 6 ... ... 
D o m i n i c a n R e p u b l i c 2 0 . 8 4 2 . 7 8 8 8 . 2 • • « 2 a ... 
E c u a d o r 7 . 6 3 . 3 2 5 . 1 2 . 3 0 . 7 1 . 6 
E l S a l v a d o r 1 6 . 1 4 7 . 5 7 6 4 . 8 2 . 6 2 0 . 5 5 3 * 3 
G u a t e m a l a 1 9 . 0 1 3 . 7 , 2 6 0 . 3 9 . 0 0 . 7 6 . 3 
Haiti . • • 3 6 . 0 ... ... 1 0 . 5 ... 
H o n d u r a s 8 . 6 5 . 5 4 7 . 3 2 . 7 3 . 6 9 . 7 

* _ _ m u n c o 1 1 . 5 2 9 9 . 0 1 0 t « f 9 . 3 9 6 . 7 
N i c a r a g u a 2 6 . 0 4 . 1 1 0 6 . 6 1 3 . 0 1 - J L 1 4 . 3 
P a n a m a b / 1 9 . 7 1 4 . 8 2 9 1 . 6 7 . 2 6 . 2 4 4 . 6 
P a r a g u a y .... ... • • . ... • • • ... 
P e r u 9 . 7 • 1 . 0 9 . 7 1 5 . 8 0 . 7 1 1 . 1 
U r u g u a y e / ... ... ... 3 1 . 0 0 . 7 2 1 . 7 
V e n e z u e l a 11.0 1 1 . 1 1 2 2 . 1 6 . 0 . 2 . 7 

* 
1 6 . 2 

B r i t i s h G u i a n a ... ... ... ... • • • ... 
S u r i n a m ... ... ... ... ... 
T r i n i d a d a n d T o b a g o ... ... ... ' ' . . . ... .<*. 

S o u r c e s : S e e t a b l e 1 9 , 

N o t e : I n c a l c u l a t i n g c o v e r a g e c o e f f i c i e n t s , s t a t i o n s t h a t h a d b e e n c l o s e d d o w n w e r e 
t a k e n i n t o a c c o u n t a l o n g w i t h t h o s e i n e x i s t e n c e , w h e n t h é i n f o r m a t i o n a v a i l -
a b l e p e r m i t t e d , ' 

a / I n t h e e a s e o f s t a t i o n s f o r w h i c h n o d a t a o n l e n g t h r e c o r d s w e r e a v a i l a b l e , 
a n e s t i m a t e d l e n g t h w a s a r b i t r a r i l y a s s i g n e d o n t h e b a s i s o f t h e a v e r a g e f o r 
o t h e r s t a t i o n s i n t h e s a m e c o u n t r y , 

b / I n c l u d i n g t h e C a n a l Z o n e . 
c / T h e d a t a a v a i l a b l e w e r e c o n f i n e d e x c l u s i v e l y t o t h e s t r e a m g a u g i n g s t a t i o n s on 

t h e R i o N e g r o . 

/ M a p H I - 1 



ST/ECU/CONF. 7/1.3.0 
Page 85 

I n s t u d y i n g t h e s e m a p s c e r t a i n s p e c i a l c i r c u m s t a n c e s m u s t b e b o r n e « 

i n m i n d « 

T h e r e a r e a r i d z o n e s i n t h e c o n t i n e n t w h e r e t h e a b s e n c e , o r a v e r y l o w 

d e n s i t y , o f p r e c i p i t a t i o n a n d s t r e a m g a u g i n g s t a t i o n s i s j u s t i f i e d . T h i s 

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

C f c i h u e h u a d e s e r t , t h e p e n i n s u l a o f l o w e r C a l i f o r n i a ( e s p e c i a l l y i n i t s 

e x t r e m e n o r t h - e a s t ) , t h e a r i d b e l t a l o n g t h e c o a s t s o f P e r u a n d n o r t h e r n 

C h i l e , t h e s o u t h - w e s t o f B o l i v i a a n d t h e n o r t h - w e s t a n d s o u t h - e a s t 

o f A r g e n t i n a . T h e r e a r e a l s o s m a l l e r a r i d z o n e s t o t h e s o u t h o f t h e 

C a r i b b e a n i n V e n e z u e l a , P u e r t o R i c o a n d M e x i c o ( n o r t h - e a s t Y u c a t á n , 

b e s i d e s T e h u a n t e p e c a n d t h e m i d d l e r e a c h e s o f t h e R i v e r B a l s a s - M e x c a l a ) . 

A r a t h e r d i f f e r e n t s t a t e o f a f f a i r s p r e v a i l s i n t h e " P o l í g o n o d a s S e c a s " 

( i n n o r t h - e a s t e r n B r a z i l ) , w h e r e t h e r a i n f a l l i s c h a r a c t e r i z e d n o t o n l y 

b y a r e l a t i v e l y l o w m e a n v o l u m e , b u t a l s o , i n t h e m a i n , b y g r e a t 

i r r e g u l a r i t y . C o n s e q u e n t l y , p r e c i p i t a t i o n a n d s t r e a m g a u g i n g r e s e a r c h 

i s o f g r e a t i m p o r t a n c e h i e r e f o r r e g u l a t o r y p u r p o s e s , w i t h a v i e w t ® 

i r r i g a t i o n w o r k s . 

I n t h e A m a z o n i a n j u n g l e , v a s t u n e x p l o r e d a r e a s a n d o t h e r s t h a t 

a r e s c a r c e l y i n h a b i t e d s h o w v e r y l o w a v e r a g e p o p u l a t i o n d e n s i t i e s a n d 

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

( S t a t e s a n d d i s t r i c t s ó f R i o B r a n c o , A m a z o n a s , P a r á , M a t o G r o s s o , 

A c r e a ñ d G u a p r é i n B r a z i l , a n d t h e l l a n o s o f C o l o m b i a , E c u a d o r , P e r u 

a n d B o l i v i a ) . 

L a s t l y , i n t h e s t u d y o f s t r e a m g a u g i n g p r o g r a m m e s , t h e i m p o r t a n c e 

o f l i n k i n g t h a n u p w i t h t h o s e r e l a t i n g t o p r e c i p i t a t i o n m e a s u r e m e n t 

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

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

T h e c e n t r a l z o n e s o f M e x i c o , G u a t e m a l a , C o s t a R i c a , A r g e n t i n a a n d E l 

S a l v a d o r , a n d t h e n o r t h - e a s t o f B r a z i l , a r e e x a m p l e s o f o t h e r a r e a s 

w h e r e - m o r e c o m p r e h e n s i v e f l o w d a t a t h a n m i g h t b e s u p p o s e d f r o m t h e 

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

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

/ A c o m p a r i s o n 
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A C o m p a r i s o n w i t h c o u n t r i e s i n o t h e r r e g i o n s o r . t h e b a s i s o f c o v e r a g e 

i n d i c e s s h o w s t h a t a s a w h o l e t h e L a t i n A m e r i c a n c o u n t r i e s a r e i l l - i n f o r m e d 

a s t o t h e i r w a t e r r e s o u r c e s » F o r e x a m p l e , - i n t h é g r o u p o f m o r e , d e v e l o p e d 

c o u n t r i e s f o r w h i c h c o m p l e t e d a t a a r e , a v a i l a b l e , J a p a n h a s c o v e r a g e . 

c o e f f i c i e n t s 5 a n d 4 t i m e s g r e a t e r t h a n t h e h i g h e s t c o u n t r y f i g u r e s r e g i s t e r e d 

i n L a t i n A m e r i c a n f o r p r e c i p i t a t i o n m e a s u r e m e n t a n d s t r e a m g a u g i n g , 

r e s p e c t i v e l y ( E l S a l v a d o r a n d M e x i c o ) . ^ 

6 . A v a i l a t i l i t y o f c o n t o u r m a p s 

I t w a s n o t p o s s i b l e t o e s t a b l i s h , b y countries, t h e a v a i l a b i l i t y o f 

c o n t o u r m a p s d r a w n t o s c a l e s w h i c h w o u l d e n a b l e e v a l u a t i o n s t u d i e s 

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

G e o g r a p h i c a l i n s t i t u t e s a t t a c h e d t o t h e a r m e d f o r c e s , o f v a r i o u s 

c o u n t r i e s p r e p a r e m a p s a n d c h a r t s b o t h b y a e r o p h o t o g r a n a n a t i s m e t h o d s 

a n d b y d i r e c t m e a s u r e m e n t , o n s c a l e s w h i c h a s a r u l e a l l o w r o o m f o r 

e n o u g h p l a n i m e t r i c a l a n d a i t i m e t r i c a l d e t a i l ( l s 2 Q 0 , 0 0 p s t I s 2 5 0 , 0 0 0 ; 1 ; 5 0 0 , 0 0 0 ; 

l s l 0 0 , 0 0 Q » 0 0 0 , e t c « ) t o s e r v o t h e p u r p o s e s m e n t i o n e d a b o v e . . P o s s i b l y , 

t h e r e f o r e , l a r g e a r e a s i n d i f f e r e n t d o u n t r i e s a l r e a d y h a v e a t t h e i r 

2 / T o f a c i l i t a t e f u r t h e r c o m p a r i s o n s , a t a b l e w i t h t h e p e r t i n e n t 
c o v e r a g e c o e f f i c i e n t s f o r . s e l e c t e d c o u n t r i e s i n A s i a a n d t h e 
F a r E a s t i s ¿ I n s e r t e d h e r e . 

C o u n t s P r e c i p i t a t i o n ~ S t r e a m g a u g i n g 
3 m e a s u r e m e n t I n g e n e r a l . F l o w m e a s u r e -

m e n t o n l y 

77 ... 
C e y l o n 2 8 4 0 4 0 0 . 8 2 0 
I n d i a . 535 3 2 1 8 
J a p a n 3 9 0 0 - . • • 3 8 0 
R e p u b l i c - o f K o r e a 7 7 . . 8 1 ¿ 7 
L a o s 1 8 -
F e d e r a t i o n o f M a l a y a 1 550 2 4 0 5 7 
P a k i s t a n 3 6 8 2 8 8 . . . 
P h i l i p p i n e s 1 0 4 38 3 7 
T h a i l a n d : 2 0 2 • - : 5 1 5 

S o u r c e t E C A F E , P r o c e e d i n g s o f t h e t h i r d r e g i o n a l t e c h n i c a l c o n f e r e n c e o n 
w a t e r r e s o u r c e s d e v e l o p m e n t i n A s i a a n d t h e F a r E a s t , o p . c i t . 

1 0 / 1 ; 5 0 0 , 0 0 0 a n d a b o v e . E v e r y c o u n t r y h a s m a p s o n a r e d u c e d s c a l e w i t h 
l e v e l c u r v e s s u c h a s , f o r i n s t a n c e , t h o s e u s e d f o r a e r i a l n a v i g a t i o n 
w h i c h a r e o n a s c a l e o f I s 1 * 0 0 0 * 0 0 0 . 

/ d i s p o s a l a 
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d i s p o s a l a s o u n d c a r t o g r a p h i c a l b a s i s o n w h i c h a t l e a s t t o b e g i n a n 

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

7 « I n s t i t u t i o n s r e s p o n s i b l e f o r h y d r o l o g i c a l m e a s u r e m e n t s 

I n a l m o s t a l l c o u n t r i e s t h e r e e x i s t s a s e r i e s o f f i s c a l i n s t i t u t i o n s , 

p u b l i c c o r p o r a t i o n s a n d p r i v a t e a g e n c i e s c o n c e r n e d w i t h hydro l o g i c a l 

( i n c l u d i n g h y d r o m e t e o j p l o g i c a l ) o b s e r v a t i o n s a n d , i n s o m e c a s e s , w i t h t h e 

c o r r e s p o n d i n g r e s e a r c h « 

T h e p u b l i c i n s t i t u t i o n s w h i c h f i n a n c e a n d c a r r y o u t a c t i v i t i e s 

o f t h i s t y p e i n c l u d e , b e s i d e s t h e n a t i o n a l m e t e o r o l o g i c a l s e r v i c e s , a l l 

t h o s e r e l a t i n g t o a g r i c u l t u r e , n a v i g a t i o n a n d w a t e r w a y s , d r i n k i n g - w a t e r a n d 

s e w a g e a i d a v i a t i o n , a s w e l l a s e l e c t r i c i t y c o m p a n i e s , r a i l w a y s , t h e 

a r m e d f o r c e s , u n i v e r s i t i e s , e t c , j " w h i l e t h e p r i v a t e i n s t i t u t i o n s c o m p r i s e 

m a i n l y e l e c t r i c i t y c o m p a n i e s , t h o s e o f a n a g r i c u l t u r a l — i n d u s t r i a l n a t u r e 

( c o f f e e , b a n a n a , s u g a r c o m p a n i e s , e t c « ) , a i r l i n e s a n d s e m e m i n i n g e n t e r p r i s e s « 

U n f o r t u n a t e l y , t h e a d v a n t a g e t a k e n o f t h e a c t i v i t i e s t o w h i c h n u m e r o u s 

i n s t i t u t i o n s c o n t r i b u t e i s p r o p o r t i o n a l l y o n l y v e r y s m a l l , o w i n g t o t h e 

l a c k o f u n i f o r m i t y , c o - o r d i n a t i o n a n d c e n t r a l i z a t i o n o f t h e o b s e r v a t i o n s 

r e c o r d e d « A g r e a t m a n y d a t a b e n e f i t s o l e l y t h e c o m p a n y o r i n s t i t u t i o n 

t a k i n g t h e o b s e r v a t i o n s , a n d t h a t o n l y t o a l i m i t e d e x t e n t , w h i l e b u t a 

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

r e a c h o f t h e v a r i o u s i n t e r e s t e d p e r s o n s o r i n s t i t u t i o n s , » 

C o - o r d i n a t i o n a m o n g t h e m a n y i n s t i t u t i o n s r e s p o n s i b l e i n e a c h c o u n t r y 

f o r h y d r o l o g i c a l o b s e r v a t i o n s i s o f p a r t i c u l a r i m p o r t a n c e f o r t h e f o l l o w i n g 

p u r p o s e s : 

( a ) S a t i s f a c t o r y p l a n n i n g a n d d i s t r i b u t i o n o f s t a t i o n s s o a s t o 

o b v i a t e d u p l i c a t i o n i n s o m e p l a c e s a n d g a p s i n o t h e r s ; 

( b ) S t a n d a r d i z a t i o n o f i n s t r u m e n t s a n d m e t h o d s s o a s t o r e d u c e 

c o s t s a n d f a c i l i t a t e t h e c o m p a r i s o n o f f i n d i n g s ; a n d 

( c ) P r o c e s s i n g a n d p u b l i c a t i o n o f t h e o b s e r v a t i o n s , r e c o r d e d . 

T h u s , f o r t h e r e l a t i v e l y s m a l l a d d i t i o n a l c o s t w h i c h s u c h c o - o r d i n a t i o n 

w o u l d i m p l y , t h e p r e s e n t y i e l d f r o m s c a t t e r e d a n d p a r t l y , u n r e c o g n i z e d 

a c t i v i t i e s c o u l d b e g r e a t l y m u l t i p l i e d i n m a n y c o u n t r i e s « 

/It has 
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I t h a s b e e n s u g g e s t e d i n s e v e r a l c o u n t r i e s t h a t a N a t i o n a l C o - o r d i n a t i n g 

Coamittee s h o u l d b e s e t u p w i t h j u r i s d i c t i o n o v e r a l l h y d r o l o g i c a l a n d 

m e t e o r o l o g i c a l a c t i v i t i e s « T h i s C o m m i t t e e , i n i t s t u r n , w o u l d f o r m p a r t 

o f a n o t h e r n a t i o n a l b o d y e m p o w e r e d t o c o - o r d i n a t e a l l a c t i v i t i e s c o n n e c t e d 

w i t h t h e d e v e l o p m e n t o f h y d r a u l i c r e s o u r c e s e ^ / 

T a b l e 2 3 l i s t s t h e m a i n i n s t i t u t i o n s i n e a c h c o u n t r y t h a t , a r e a c t i v e 

i n o n e w a y o r a n o t h e r i n t h e f i e l d o f h y d r o l o g y , . M o r e u n d o u b t e d l y . e x i s t 

( p a r t i c u l a r l y o f a p r i v a t e n a t u r e ) t h a n t h e n u m b e r g i v e n i n t h e t a b l e * 

T h e r e i s s o m e c o - o r d i n a t i o n o f f u n c t i o n s i n A r g e n t i n a , B o l i v i a , 

C h i l e , . C o l o m b i a , C o s t a R i c a , M e x i c o a n d P e r u , b u t i t v a r i e s i n s c o p e a n d 

d e g r e e . E c u a d o r h a s s e t u p a D e p a r t m e n t o f M e t e o r o l o g y a n d H y d r o l o g y 

( D i r e c c i ó n G e n e r a l , d e M e t e o r o l o g í a e H i d r o l o g í a ) w i t h j u r i s d i c t i o n o v e r 

t h e w h o l e r e p u b l i c » ^ ^ 

M o s t c o u n t r i e s h a v e m e t e o r o l o g i c a l p u b l i c a t i o n s , w h i c h a l s o c o v e r 

h y d r o m e t e o r o l o g i c a l o b s e r v a t i o n s t o a c e r t a i n e x t e n t s 

I n t h e f i e l d o f f l u v i o l o g y , h o w e v e r , . o n l y A r g e n t i n a , B r a z i l , C o l o m b i a , 

P a n a m a , P e r u a n d M e x i c o i s s u e p u b l i c a t i o n s « 

8 . S t a f f a n d l e v e l o f t r a i n i n g 

G o v e r n m e n t a l a n d s e m i - g o v e r n m e n t a l h y d r o l o g i c a l s e r v i c e s h a v e d e v e l o p e d 

a t v e r y v a r y i n g r a t e s i n t h e d i f f e r e n t c o u n t r i e s , a n d e v e n w i t h i n t h e s a m e 

c o u n t r y n o t a b l e d i s p a r i t i e s a r e t o b e o b s e r v e d a m o n g t h e o r g a n i z a t i o n s t h a t 

t a k e r a i n f a l l a n d f l o w m e a s u r e m e n t s . T h e e f f e c t i v e i m p l e m e n t a t i o n o f t h e i r 

a c t i v i t i e s Í 3 m o s t f r e q u e n t l y i m p e d e d b y t w o f a c t o r s w h o s e , i n f l u e n c e i s d i r e c t 

a n d i m m e d i a t e : S h o r t a g e o f p e r s o n n e l a n d s h o r t a g e o f f u n d s » W i t h f e w 

e x c e p t i o n s , t h e p e o p l e w h o w o r k i n t h i s f i e l d a r e s t i l l p a i d a t l o w r a t e s 

i n L a t i n A m e r i c a , a l t h p u g h s p e c i a l i s t s i n h y d r o l o g y a n d h y d r o m e t e o r o l o g y 

a r e h a r d t o f i n d t h e r e . 

1 1 / L o s r e c u r s o s h i d r á u l i c o s d e C h i l e , o n . c i t . . a n d ° S t u d y o f w a t e r r e s o u r c e s 
¿ ¿ E c u a d o r , a . j o i n t E C L A / B T A O / W M Q s t u d y i n d r a f t f o r m « 

1 2 / M a r c h I 9 6 0 . T h i s i n s t i t u t i o n c o m p l i e s w i t h t h e g e n e r a l r e c o m m e n d a t i o n s 
m a d e b y t h e E C L A / T A O / t f f i © W a t e r R e s o u r c e s S u r v e y G r o u p , w h i c h u n d e r t o o k 
a m i s s i o n i n E c u a d o r i n 1 9 5 9 « 

/fable 23 
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Table 2J 
LATIN AÎERICAI IHSTITUTIOKS DESPCNSXBLË FOR RAHJFAIA AÍTO/OR PLOW MEASUREMENTS 

Country Governmental and semi-
g$VBNIIItlItal Prívate Co-ordination 

öf functions 
Centralisation and 
publication of data 

Argentina 

Bolivia 

Brazil 

Chilo 

Natlots&l Meteorolo-
gical Servioes . 
Katlon&l Dapartaent 
of Port Facilities 
and Navigable Vate£ 
vaya. Voter and 
Eleetrio Energy 

Department of îieteoro-
logy. Inter-Anerican 
Agricultural Service. 
Bolivian Dovelopaent 
Corporation« 
Department of State 
Railways* Lloyd AÄreo 
Boliviano* Universi-
dad Mayor de Son And ris. 
Department of Irriga-. 
tlon* 
Ministry of Agricultura, 
National Department of 
Irrigation (Ministry of 
Ceamunleatlons and Pu-
blio Works)* 
Meteorological Service. 
Rio Grande do Sul 
Eleetrio Power Commis-
sion« Tfele do San Fraiv-
clseo ««males ion* 
Department of water 
and Electricity of Sao 
Paulo and Pararé. 
Minas fierais eleetrio 
power stations* 
Chilean Meteorologieal 
Offlee. 
Chilean Air Force. 
Department of Irriga» 
tion. 
Department of Sanita-
ry works* 
National Electricity • . - V 
Canpany (ENDESA), 

Paragra. 
Bolivian Power 
Compajŷ Ltd. 

Bvaden Ceppar 
Ccnpany 
(u&gn. 

The National fieteorelo 
gloal Service records 
observations made by 
all thé offiolally-
reooghized rain gauges 
installed in the courrtry 
administered by that 
Servios, the Railways, 
and national provincial 
arid private agencies* 

Department of Irriga-
tion ani Department 
of Meteorology* 

Brazilian Tech-
nical Services 
Coaipary* 
Brazilian elec-
trloity oQBpa-
nies. 

tfané* Information is, 
however, oxotanged 
aoong a ro*nb§r of' 
Institutions. -

Publications« Anuarios Hi-
drológicos de Agua y Sner-
b a Electrica* 
Anuarios Hldrolfetoo» de 
Construcciones Portuarias 
y Vías Navegables. 
Estadísticas Climatológi-
cas of the National Meteo-
rological Service, which 
centralizes hydrometeoro-
logi cal information* 

Publications:. Anuarios 
Fluvicrâ t rices and Forças 
Hidráulicas del Ministerio 
da Agricultura* 

None* 

/Table 23 (cont. ) 
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Tabla 23 (sont «ed l) 

Country Qoverroent&l and . 
s eml-goverrsnantal Private Co-ordination 

of function 
Centralization and 
publication of data 

Collibia 

Costa HI® 

Cuba 

Dunlnlean 
Republic 

Souader 

Meteorological service. 
Ministry of Public 
Works. 
War Ministry. 
Agustfo Codazzl Geo-
graphical Institute. 
Institute of Water 
Utilisation and Elec-
tricity Development. 
Bogota .votor and 
Sewage CostpaiSTa 
State enterprises of 
Made11in Colombian 
Airport Compary. 
Valle del Cauoa Corpora 
tion. 
National Meteorological 
Sorvioa. 
Costa Ricaa 
Electricity Institute 
(ICE)O 
Inter-American Technical 
Service for Agricultural 
Co-operation. 

Bogota 
Electric Paver 
Company. 
National Federa 
tlon of Coffee-
Grove rs. G»o-
physioal Insti-
tut« of the 
Colombia Andes. 

National Observatory. 
River Hondo Development 
Commission. 

Naval Meteorological 
Servios. 
Section of fydrology 
and Irrigation Planing 
(Department of Publio> 
Works and Irrigation). 
Santiago Town Counoil. 
Dep&rtscnt of 
Meteorology. 
Department of Civil 
Aviation. 
Ecuadorian Army and 
Air Force. 
Observatory. 

The National Meteorolo-
gical and I$rdrologloal 
Committee ee-ordlnates 
activities throughout 
the country. 

Katloral Light 
and Power Can-
pany. Infcer= 
American Insti-
tute of Agro-
nomics . Costa 
Rican Banana 
Company. Costa 
Rloan Ccal 
Ceapaqy. 
Northern Railway 
Company, 
{fenagra. 

Cuban Aviation ... 
Company. 
Observatories of 
the Jesuit ' 
Fathers. 

Grenada Company ... 
Barahona Company. 

The Costa Rloan 
.Electricity 
Institute and the 
National c 

Metsorologleal 
Servise. 

Ecuadorian 
Banana Associa-
tion. Anglo* 
Ecuadorian 
Oilfields. 

Department cf 
Meteorology and 
itydrology (created 
in March 1360). 

Fartlal cerrtralization. 
Publications! Boletín del 
Instituto d< Aprovecha-
miento de Aguas. 
híscellaneous revievs. 
Anales del Observatorio 
Meteorológico Nacional. 

No centralization. 
Publications 
Boletín Trimestral 
of the fiati orni 
Meteorological 
Services 

The 'Casa Blanca 
tbtlonal 
Observatory tes 
produced some 
publications. 

No centralisat1en. 
Publications: Boletín 
Meteorológico de xa. 
Dirección cenerafcTe 
Meteorologia. 
Boletín Meteorológico de 
la Armada. 

o-3 f 
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fable 2J (oont*ed 2) 

Country Gcbernmental and 
semi-governmental Private Coordination of 

functions 
Centralisation and 
publication of data 

Ecuador 
(oont »ed) 

El Salvador 

Guatemala 

Haiti 

Honduras 

Mexico 

Nicaragua 

Executive Ccmaittee on 
Coomuni catione la the 
Province of Guayas» 
Inter-American 
Comparative Servios» 
National Irrigation 
Instltution* 
Mwlolpallty of Ibarra* 
Nati orni Meteorologlcal 
Service* 
Department of 
Meteorologa (Mlnistry 
of Defénoe)» 
National Agro nótales 
Centre* 
Tropical Instituto of 
Solentlflo Research 
(National University) 
Department of Agrlcul-
tural Engineering 
(Mlnistry of Agrloul« 
tura)» 
Rlver Lempa Hydroeleo-
trlo Executive Com-
mittee. 
Mlnistry of Agrloulture, 
Department of Publio 
Works» 
Mlnistry of Publio 
Works. 

Depart ¡sent of Irriga 
tlon» 
National Meteorolo-
gical Service. 
Mexican Meteorological 
Service* 
Department of hydraulic 
Resources* 
Federal Electricity 
Commission. 

National Eleetrio 
Power Coaalssion* 

Publications by the 
Observatory» 

International 
Central American 
R&llvaye. 
E1 Salvadorlan 
Rallways. 
Santa Aria Eleo-
tri« Power Com-
paq» 
Sonsonate Elee 
trio Power 
Company» 
Pamgra. 

Holte» 

United 
Fruit Company» 

Meteorologicai 
Obeervatoiy of 
San Marciai 
Semina jy» 

Tela Railroad 
Comparar. 

None 

Information is eacehan 
ged and there is some 
co-ordination among 
the principal institu 
tlons. 

Ho centralization* 
Publicationss 
Analea del Observatorio 
Nacional Meteorológico. 
Beletfn Meteorológico of 
the University «f El Salva-
dor» : 
Revista de la Asociación de 
Cafeteros» 

Publications1 Bulletins 
dealing with hydrological 
questions aro published by 
the Federal Electricity 
Commission, the Department 
of %draulic Resources and 
the National Irrigation 
Caralsslon*.. 

/Table 23 (cont.) 
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Table 23 (eoïiî »ad 3) 

Country 
Governmental and 
a eal-goverame ntal Private Co-ordination of 

functions 
Centralisation and 
publication of data 

Panama 

Paraguay 

Peru 

Uruguay 

Venezuela 

Inter-American 
Co-operative Service 
for Eoonomlo Develop-
ment (SCIFE), 

Panama Canal 
Company 
(Section of 
Meteorology and 
%drology). 

Departsssnt of Moteoro 
logy (Air Ministry)» 
Meteorological Servi-
oe {Ministry of 
Development)» 
Meteorologloal Servi-
ce (Ministry of Agri-
culture)» 
Peruvian Civil Aviation 
Corporation» 
later-American Co-opem 
tive Servies» 
Water an} Irrigation 
Department (Ministry of 
Development)» 
Department of Irrigation 
(Ministry of Agriculture), 
Peruana del S&Kta 
Corporation» 

Meteorological Servioe« 
Department of State 
Power Plants and 
Telephones (DTE)» 
Ministry of Public 
Works» . 
Ministry of Agricul-
ture and Livestock. 
Venezuelan Develop-
ment Corporation 
(Caronf). Ministry 
of De fence. National 
Institute of Sanitary 
Works® 

Shell. 
Mens Grande 
Soooty Vacuus 
Creole. 
Venezuelan 
Railways. 
Iron Mine 
Ccmpary of 
Venezuela. 

British Guiana 
Guiana ... 
West Indies . . . 

Surinam ... 

Information is exchan-
ged betveen the two 
institutions named. 

Private tobacco 
monopolies. 
Qua no Adminis-
trative Comparai 
Cerro de Pes 00 
Corporation. 

The Department of 
Meteorology admi-
nisters and co-
ordinates the obser-
vations throughout the 
country. 
With rasposi to flow 
measurements, it 
ee-ordänstes its 
activities with those 
of the Ministry of 
Development and Minis-
try of Agriculture. 

None.Information 
is, however, exchan-
ged among a few 
institutions 

Publications by the Panama 
Canal Comparer and by the 
Départagent of Statistics 
and Censuses ef the 
Rspubllo of Panama 

The Department ef Meteoro-
logy centralizes all 
meteorological information 
and publishes the following! 
Boletfn Anual Meteorolfeleo. 
Boletfn Cllmatolfeloo 
Kensual» 
Bolgtfn Dlario. 
A publication en bydrolc* 
gioal questions. 
A dally bulletin with 
general Information» 

The Meteorological Service 
centralises information and 
publishes a Boletfn and a 
Revlsta Meteorolfeloa. 
The Meteorologloal servioe 
centralizes a certain 
amount of Information and 
publishes fortnightly 
bulletins and a yearbook«, • 

/ A t t h e 
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A t t h e l o w e r , n o n - u n i v e r s i t y , l e v e l o f t h e o b s e r v e r s , i t i s c u s t o m a r y 

i n a n u m b e r o f c o u n t r i e s t o e m p l o y f o r p e o p l e w h o h a v e o t h e r a c t i v i t i e s a s w e l l , 

a n d "who m a k e t h e o b s e r v a t i o n s a n d f i l l i n t h e f o r m s s e n t t o t h e m b y t h e 

h e a d o f f i c e s s i m p l y t o e a r n m o r e m o n e y ( a l t h o u g h t h e y d o o c c a s i o n a l l y w o r k 

f r e e o f c h a r g e ) . 

T h e e l e m e n t o f r o u t i n e i n t h e w o r k o f o b s e r v a t i o n , t h e f a c t t h a t i t 

r e q u i r e s n o s p e c i a l t r a i n i n g , a n d t h e i n a d e q u a t e s u p e r v i s i o n e x e r c i s e d f r o m 

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

a n d e v e n t o d e f e c t s i n t h e i n s t r u m e n t s , w h i c h m a y p a s s u n p e r c e i v e d f o r 

a l o n g t i m e i n t h e d a t a - p r o c e s s i n g o f f i c e s w i t h t h e i n e v i t a b l e c o n s e q u e n c e s » 

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

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

a n d h y d r o m e t e o r o l o g i c a l a c t i v i t i e s , a c c o r d i n g t o l e v e l o f t r a i n i n g , i n t h e 

p r i n c i p a l i n s t i t u t i o n s ( s e e t a b l e 2 4 ) » 

T h e s a m p l e s t o w s t h a t , i n r e l a t i v e t e r m s , t h e g r e a t e s t s h o r t a g e o f 

s p e c i a l i z e d p e r s o n n e l i s a t t h e i n t e r m e d i a t e l e v e l , a n d o f n o n - s p e c i a l i z e d 

p e r s o n s , a t t h e l e v e l o f t h o s e w h o h a v e c o m p l e t e d t h e i r s e c o n d a r y s c h o o l 

s t u d i e s « • 

/Table 24 
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Table 24 

P E R S O N N E L E N G A G E D I K H I D R Q L O G I C A L A N D H r D R O M E T E O R O L O G I C A L 
M E A S J E E M B N T S A N D S T U D I E S , B Y L E V E L O F T R A I N I N G 

C o u n t r y 

S p e c i a l i z e d U n i v e r s i t y 
t r a i n i n g 

H i g h e r I n t e r m e d i a t e 

N o n - U n i v e r s i t y 

S e c o n d a r y 
s t u d i e s 

P r i m a r y 
s t u d i e s 

A r g e n t i n a a / 

C h i l e b / 

C o l o m b i a c / . 

16 

9 

16 

7 

26 

16 

3 0 

5 2 

X7 

397 

286 

598 

a/ Water and Electric E n e r g y i n h j r d r o l o g i c a l s t u d i e s o n l y . 

b / D e p a r t m e n t © f I r r i g a t i o n , E N D E S A a n d t h e C h i l e a n A i r F o r c e , i n h y d r o -
l o g i c a l a n d h y d r o & e t e o r o l o g i c a l s t u d i e s . 

c / T h e B o g o t a W a t e r a n d S e w a g e C o m p a n y , t h e V a l l e d e l C a u c a C o r p o r a t i o n , 
M e d e l l i n S t a t e e n t e r p r i s e s a n d t h e I n s t i t u t e o f W a t e r U t i l i z a t i o n , 
i n h y d r o l o g i e a l a n d h y d r o m e t e o r o l o g i c a l s t u d i e s . 

/ A N N E X 
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A N N E X 

1 . E v a l u a t i o n . o f t h e g r o s s r u n - o f f p o t e n t i a l o n t h e b a s i s o f 

r a i n f a l l d a t a c h e c k e d b y a s t r e a m - g a u g i n g s t a t i o n 

R e f e r e n c e i s m a d e i n s e c t i o n 4 o f c h a p t e r 1 t o . t h e d e t e r m i n a t i o n o f 

t h e g r o s s run -off p o t e n t i a l o f a r e g i o n o r a c o u n t r y ; t h i s i s d o n e b y 

d i v i d i n g t h e a r e a i n t o s m a l l s u b - b a s i n s a n d u s i n g t h e h y d r o l o g i c d a t a 

p r o v i d e d b y a s t r e a m - g a u g i n g s t a t i o n a t t i l e l o w e s t p o i n t o f e a c h s u b - b a s i n . 

H o w e v e r , i f t h i s d i v i s i o n i n v o l v e s a r e a s g r e a t e r t h a n 4 0 0 - 5 0 0 s q u a r e 

k i l o m e t r e s ( a c o m m o n s i t u a t i o n i n L a t i n A m e r i c a b e c a u s e o f t h e l a c k o f 

s t r e a m - g a u g i n g d a t a ) i t i s a d v i s a b l e t o a d o p t t h e m e t h o d i n d i c a t e d b e l o w , 

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

s q u a r i n g ( s e e f i g u r e I - A ) ^ L e t A b e t h e a r e a i n s q u a r e k i l o m e t r e s o f 

s u c h a s u b - b a s i n , F t h e s t r e a m - g a u g i n g s t a t i o n , a n d t t h e l e n g t h i n k i l o -

m e t r e s o f t h e s i d e o f a s i n g l e s q u a r e . T h e a v e r a g e e l e v a t i o n H o f e a c h 

s q u a r e a b o v e s e a l e v e l c a n b e c a l c u l a t e d f r o m a m a p a t a s u i t a b l e s c a l e 

( 1 : 5 0 0 , 0 0 0 t o 1 : 1 , 0 0 0 , 0 0 0 ) s h o w i n g c o n t o u r l i n e s . O n t h e b a s i s o f 

extensive^ r a i n f a l l d a t a i n t h e f o r m o f i s o h y e t a l l i n e s i t i s p o s s i b l e 

t o o b t a i n t h e h y d r a u l i c c o n t r i b u t i o n o f e a c h s q u a r e t o t h e t o t a l 

r u n - o f f Qm o f t h e s u b - b a s i n , e i t h e r b y c a l c u l a t i n g t h e a v e r a g e 

a n n u a l l o s s t y e v a p o - t r a n s p i r a t i o n f o r t h e w h o l e a r e a A o r b y 

c a l c u l a t i n g t h i s l o s s f o r e a c h s q u a r e ( t ) b y o n e o f t h e a v a i l a b l e 

1 / T h i s m e t h o d w a s p r o p o s e d b y t h e E C E C o m m i t t e e o n E l e c t r i c P o w e r : s e e 
U n i t e d N a t i o n s , H y d r o - e l e c t r i c P o t e n t i a l i n E u r o p e a n d i t s G r o s s . 
T e c h n i c a l a n d E c o n o m i c L i m i t s ( E / E C B / B P / 1 3 1 ) . : 

7 j I d e a l l y c o v e r i n g a p e r i o d o f 3 0 - y e a r s . 

y B y o n e o f t h e f o l l o w i n g f o r m u l a s : 

( i ) e , - 3 L t p - 3 1 . 5 3 6 Qm ( H e i g h t o f t h e w a t e r i n m i l l i m e t r e s ) , 
* A 

w h e r e £ i s t h e a n n u a l p r e c i p i t a t i o n . i n m i l l i m e t r e s f o r e a c h 

s q u a r e , a n d 3 1 * 5 3 6 x 1 0 3 i s t h e n u m b e r o f s e c o n d s i n t h e y e a r o 
( i i ) 6 j s P - ^ ( m / s e c . ) , w h e r e 

2 
P - •£. t p - V r e p r e s e n t s t h e a v e r a g e a n n u a l v o l u m e 

31,536 31,536 o f r a i n f a l l o n a r e a A , e x p r e s s e d i n c u b i c m e t r e s p e r s e c o n d » 

/ e m p i r i c a l f o r m u l a s 
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e m p i r i c a l f o r m u l a s ( V e r m e u l e , K h o s l a , J u s t i n , e t c . ) o n t h e b a s i s o f s u c h 

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

e t c . I n t h e s e c o n d c a s e a f i n a l c o r r e c t i o n i s r e q u i r e d , i n t h e f o r m 

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

t h a t t h e r u n - o f f m e a s u r e d a t F s h a l l b e e q u a l t o t h e s u m o f t h e c o n t r i b u t i o n 

o f e a c h s q u a r e . M i e n t h e f l o w h a s b e e n f i n a l l y e s t i m a t e d a s t h e 

c o n t r i b u t i o n o f e a c h s q u a r e t o t h e f l o w Q a , t h e p o t e n t i a l P s c a n b e 

d e t e r m i n e d f o r e a c h o f t h e s q u a r e s , - a n d b y a d d i t i o n f o r t h e w h o l e b a s i n » 

G r a p h i c r e p r e s e n t a t i o n o f t h e g r o s s r i v e r p o t e n t i a l 

S e c t i o n 4 o f c h a p t e r I g a v e a g e n e r a l o u t l i n e o f t h e m e t h o d o f 

e v a l u a t i n g t h e g r o s s r i v e r p o t e n t i a l , . F u r t h e r d e t a i l s a r e g i v e n b e l o w , 

t o g e t h e r w i t h t h e g r a p h i c r e p r e s e n t a t i o n . 

L e t t h e s t r e t c h o f r i v e r c o n c e r n e d b e A B ( s e e f i g u r e I - B ) . 

T h e a v e r a g e a n n u a l f l o w s h o u l d b e k n o w n a t e a c h o f t h e s e p o i n t s , 

b y d i r e c t v e r i f i c a t i o n ( o r d i r e c t v e r i f i c a t i o n a n d c o v a r i a t i o n , o n t h e 

b a a s i n d i c a t e d f o r d e t e r m i n i n g t h e g r o s s r u n - o f f p o t e n t i a l ) f r o m a s t a t i s t i c a l 

s e r i e s c o v e r i n g a p e r i o d o f n o t l e s s t h a n t w e n t y y e a r s . 

T h e e l e v a t i o n o f t h e w a t e r l e v e l a b o v e s e a l e v e l i n m e t r e s a t e a c h 

p o i n t , H ^ a n d H g , m u s t a l s o b e d e t e r m i n e d ® 

T h e m a x i m u m t h e o r e t i c a l p o t e n t i a l o f t h e s e c t i o n c o n c e r n e d i n k W 

i s g i v e n b y f o r m u l a ( 2 ) , w h i c h a s s u m e s a 1 0 0 p e r c e n t y i e l d , a n d r e p r e s e n t s 

t h e r a p p e r l i m i t o f t h e t o t a l o u t p u t o f a g r o u p o f h y d r a u l i c p o w e r p l a n t s 

i n s e r i e s : . 

P I = 9 . 8 Q A T " b ( H a - H b ) ( 2 ) ^ 
x> 2 

w h e r e Q ^ a n d Q g a r e t h e v a l u e s f o r t h e a v e r a g e f l o w i m m e d i a t e l y d o w n s t r e a m 

o f A a n d u p s t r e a m o f B , r e s p e c t i v e l y , . e x p r e s s e d i n c u b i c m e t r e s p e r s e c o n d . 

A g r a p h i c r e p r e s e n t a t i o n o f t h i s p o t e n t i a l i s g i v e n i n f i g u r e I - B , 

U s i n g r e c t a n g u l a r c o - o r d i n a t e s a n d a g i v e n s c a l e , e l e v a t i o n s H ^ a n d H g 

a r e d r a w n a s o r d i n a t e s a n d f l o w s Q ^ a i d Q g a s a b s c i s s a e . T h e s h a d e d a r e a 

P r e p r e s e n t s t h e p o t e n t i a l P ^ a t t h e a p p r o p r i a t e s c a l e . 

i j F o r t h e f i r s t s e c t i o n o f t h e r i v e r t h e f o r m u l a i s r e d u c e d t o : 

P L S % <«A - V 
/Figure I—G 
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F i g u r e I - C i s a d i a g r a m r e p r e s e n t i n g t h e p r i n c i p a l c o u r s e o f a r i v e r 

a n d t w o t r i b u t a r i e s f l o w i n g i n t o a t p o i n t s C a n d £ • T h e s e c o n d t r i b u t a r y 

h a s a s m a l l t r i b u t a r y o f i t s o w n . I t s h o u l d b e n o t e d t h a t a tributary 
c o n s i s t i n g o f a s i n g l e s t r e a m i s r e p r e s e n t e d b y a t r i a n g l e s u c h a s B j C B , 

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

d i a g r a m s a r e s u p e r i m p o s e d t o f o r m g e o m e t r i c f i g u r e s l i k e t h a t a t D ^ O D ^ H E D « , 

V a r i a t i o n s i n s h a d i n g m a k e i t p o s s i b l e t o d i s t i n g u i s h b e t w e e n t h e 

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

o f e q u a l e l e v a t i o n ( a t t h e b a s i s o f t h e d i a g r a m s o f t h e t r i b u t a r i e s ) s u c h 

a s B a n d C ( a n d D a n d E i n t h e o t h e r e x a m p l e ) r e p r e s e n t t h e s a m e p l a c e o n 

t h e c o u r s e o f t h e m a i n r i v e r , a n d a r e g i v e n d i f f e r e n t l e t t e r s o n l y i n 

o r d e r t o i n d i c a t e t h e r i v e r ' s f l o w i n c l u d i n g a n d e x c l u d i n g t h a t o f t h e 

t r i b u t a r y . 

T h e p o t e n t i a l o f a r i v e r s y s t e m b e t w e e n i t s source a n d a n y p o i n t X o n 

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

d i a g r a m t h e a r e a r e p r e s e n t e d a s a b o v e a h o r i z o n t a l l i n e X-X d r a w n a t t h e 

l e v e l o f t h a t p o i n t . G e n e r a l l y s p e a k i n g t h e p o t e n t i a l b e t w e e n a n y t w o 

p o i n t s o n a r i v e r i s g i v e n b y t h e a r e a i n c l u d e d b e t w e e n t h e h o r i z o n t a l 

l i n e s d r a w n o n t h e d i a g r a m t o r e p r e s e n t t h e e l e v a t i o n s o f t h e t w o p o i n t s * 





MAP S 
MAPA ! 

PLAN OF CHILE'S INTERCONNECTED SYSTEM 
ESQUEMA DEL SISTEMA INTERCONECTADO CHILENO 









Map 11-I (b) 
Mapa II - I (b) 
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Mapa I I I - I (a) 

APPROXIMATE REGIONAL VALUES OF THE PLUVIOMETRIC COVERAGE 
COEFFICIENT IN CENTRAL AMERICA 

(See text for definition) 

VALORES REGIONALES APROXIMADOS DEL COEFICIENTE DE COBERTURA 
PLUVIOMETRICO EN LOS PAISES CENTROAMERICANOS (1958-59) 

(Ver definición en el texto) 

PUUVIOMETRY 
PLUVIOMETRIA 

>500 
250 - 500 
100 - 250 
50- 100 
25- 50 

DATA UNAVAILABLE 
SIN INFORMACION 

The boundaries shown on this mop do not imply official endorsement or 
acceptance by the United Stotes 

Los fronteras señalados en este mapa no implicon que las Naciones Unidos 
las acepten o apoyen oficialmente. 





Map III - I (b) 
Mapa III - I (b) 

APPROXIMATE REGIONAL VALUES OF THE P L U V I O M E T R I COVERAGE 
COEFFICIENT IN LAT IN AMER ICA 

(See text for definition) 

VALORES REGIONALES APROXIMADOS DEL COEFICIENTE DE 
COBERTURA PLUVIOMETRICO EN LOS PA ISES SUDAMERICANOS 

The boundaries shown on this map do not imply off ic ial endorsement or 
acceptance by the United Nations 

Los fronteras señaladas en este mapa no implican que las Naciones Unidas 
las acepten o apoyen oficialmente 





Map III- 2(a) 
Mapa I I I -2(a) 

APPROXIMATE REGIONAL VALUES OF THE FLUVIOMETR I COVERAGE 
COEFFICIENT IN CENTRAL AMERICA 

(See text for definition) 

VALORES REGIONALES APROXIMADOS DEL COEFICIENTE DE COBERTURA 
FLUVIOMETRICO EN LOS PAISES CENTROAMERICANOS 

(1958-59) 
(Ver definición en el texto) 

FLUVIOMETRY 
F L U V I O M E T R I 

DATA UNAVAILABLE 
S IN INFORMACION 

The boundaries shown on this map do not imply official endorsement or 
acceptance by the United States 

Las fronteros seftalodos en este mapa no implican que las Nociones Unidas 
los acepten o apoyen oficialmente. 





Map ill - 2 (b) 
Me pa III - 2 (b) 

APPROXIMATE REGIONAL VALUES OF THE FLUV IOMETR I COVERAGE 

COEFFICIENT IN LATIN AMERICA 

(See text for definition) 

VALORES REGIONALES APROXIMADOS DEL COEFICIENTE DE 

Lo* fronteras señaladas en este mapa no implican que las Naciones Unidas 

las acepten o apoyen oficialmente 





FIGURE IVa 
GRAFICO IVa 

CONSUMPTION CURVES AND HOURLY COSTS IN A* J INTERCONNECTED SYSTEM 
CURVAS DE CONSUMOS Y COSTOS HORARIOS ¿ISTEMA INTERCONECTADO 

WORKING DAY 
DIA DE TRABAJO 

1st QUARTER 
I®" TRIMESTRE 

2nd QUARTER 3 j QUARTER 

300 

'2 '8 HOURS 
HORAS 




