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HYDROLOGY AND WATER CHEMISTRY I N  A SMALL WATERSHED 

L . B j e r v e ,  J .O.Englund and  P .  J @ r g e n s e n  
A g r i c u l t u r a l  U n i v e r s i t y  o f  Norway, N-1432 h - N L H ,  Norway 

ABSTRACT 
The d o w n h i l l  movement o f  w a t e r  t oward  s t r e a m s  w i t h i n  t h e  s t u d i e d  

w a t e r s h e d  i s  l a r g e l y  by s u b s u r f a c e  i n t e r f l o w  and  g roundwate r  f low.  
M o s t  o f  t h e  s t r e a m f l o w  o c c u r s  i n  s p r i n g  when t h e  accumula t ed  snowpack 
m e l t s .  The w a t e r s h e d  r e p r e s e n t s  a n  ecocys t em which h a s  been  manipu- 
l a t e d  by  man, and  t h e  c o m p o s i t i o n  o f  r i v e r  water i s  t h e r e f o r e  depen- 
d e n t  o n  b o t h  w e a t h e r i n g  o f  m i n e r a l s  and  p o l l u t i o n  from a g r i c u l t u r e .  

INTRODUCTION 
T h i s  work is  p a r t  o f  a p r o j e c t  c a r r i e d  o u t  by t h e  A g r i c u l t u r a l  

R e s e a r c h  C o u n c i l  o f  Norway (NLVF) d e a l i n q  w i t h  t h e  p o l l u t i o n  o f  
g roundwate r  and  s m a l l  r i v e r s  t h r o u g h  a g r i c u l t u r a l  a c t i v i t y .  

The i n v e s t i g a t e d  w a t e r s h e d ,  S t e i n s e n g b e k k e n  (16  k m L )  n e a r  l a k e  
Mjdsa i n  s o u t h e r n  Norway, is  u n d e r l a i n  by f a u l t e d  and  j o i n t e d  Precam- 
b r i a n  g n e i s s e s  and  l a t e  P recambr ian  t o  S i l u r i a n  s h a l e s ,  s a n d s t o n e s  
and  l i m e s t o n e s .  The s o i l s  are  m a i n l y  t i l l s .  F o r e s t s  c o v e r  a b o u t  6 0  % 

of  t h e  area;  t h e  rest i s  c u l t i v a t e d  o r  g r a z i n g  l a n d .  The w a t e r s h e d  
h a s  been  s t u d i e d  d u r i n g  t h e  y e a r s  1972-1078. 

HYDROLOGY 

On a v e r a g e  55 mm o f  water f a l l s  mon th ly  ( T a b l e  1 ) .  4 1  % becomes 
s t r e a m f l o w  w h i l e  t h e  r e m a i n i n g  59  % is  l o s t ,  m a i n l y  t h r o u g h  evapo- 
t r a n s p i r a t i o n .  However, a minor  amount o f  w a t e r  p r o b a b l y  l e a v e s  t h e  
w a t e r s h e d  as g roundwate r  t h r o u g h  r o c k  f i s s u r e s .  

Ju ly -Oc tobe r  is  t h e  we t t e s t  p e r i o d  o f  t h e  y e a r  (mon th ly  a v e r a g e s :  
62-86 mm) and F e b r u a r y  t o  May t h e  d r i e s t  (mon th ly  a v e r a g e s  a round  
3 1  mm). However, d u r i n g  t h e  w i n t e r  (December-Apr i l )  m o s t  o f  t h e  p r e -  
c i p i t a t i o n  f a l l s  a s  snow, a c c o u n t i n g  f o r  a b o u t  3 0  % of t h e  a n n u a l  
p r e c i p i t a t i o n .  

Most o f  t h e  s t r e a m f l o w  o c c u r s  d u r i n g  s p r i n g  when t h e  accumula t ed  

snowpack m e l t s ,  w i t h  some 50 % of  t h e  a n n u a l  d i s c h a r g e  o c c u r i n g  i n  
A p r i l  and May (Table  2 ) .  The summer s t r e a m f l o w  is  l o w .  A minor  peak 
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occurs in September-November, but winter streamflow diminishes as 

precipitation accumulates as snow. 
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Table 1. Average monthly hydrologic budget for the Steinsengbekken 
watershed. Observation period 1973-1978. 
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The infiltration capacity of the soils and rocks is mostly high 

enough to allow immediate infiltration of most precipitation given 

the observed rain intensities. The downhill movement of water toward 

streams is therefore largely by subsurface interflow and groundwater 

flow. Data from drilled wells show that groundwater occurs throughout 

the area (refs. 2-3). 

WATER CHEMISTRY 

An increase in the concentration of all constituents is observed 

in groundwater compared with the values found for precipitation 

(Table 2) (refs. 1-2). 

TABLE 2. AVERAGE CHEMICAL COMPOSITION OF SOME WATERS FROM THE STEINSENGBEKKEN WATERSHED. 
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The investigated watershed represents an ecosystem which has been 

manipulated by man. The chemistry of the river Steinsengbekken is 

therefore mainly dependent on the composition of: 1) precipitation/ 

wind blown particles/aerosols, 2 )  interflow/groundwater, and 

3)  pollution from manure/road salt/soap (Fig. 1). 

i n 

Fig. 1. Model showing major pathways for water and nutrients within 
the watershed. 

The composition of groundwater is mainly dependent on the weather- 

ing of minerals, in soils and on joint fissures (refs. 1 - 2 ) .  The in- 

terflow is also greatly influenced by weathering reactions, but pol- 
lution from agriculture is important during summer and autumn. The 

influence of atmospheric deposition on the river composition is mall. 

Fig. 2 illustrates an annual cycle for hydrology as well as hydro- 

chemistry. While the water flow in summertime rarely exceeds 500 1/ 

sec, even after heavy rain, it reaches 2000-2500 l/sec during the 

spring thaw. 

During this melting period the concentration of the four major 

cations drops to around 1 neqv. per liter. As the water flow decreas- 

es during summer, autumn and winter, the concentration increases to 
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2.7 meqv: p e r  l i t e r .  T h i s  i n c r e a s e  r e f l e c t s  t h e  i n c r e a s i n g  c o n t a c t  t i m e  
be tween m i n e r a l s  and  w a t e r  w i t h  d e c r e a s i n g  f low.  The a v e r a g e  snow 

sample  c o n t a i n s  a b o u t  0.1 meqv. p e r  l i t e r ,  w h i l e  t h e  b rook  h a s  concen-  
t r a t i o n s  a b o u t  10 t i m e s  h i g h e r .  S i n c e  e v a p o t r a n s p i r a t i o n  i s  o n l y  s l i g h t  
d u r i n g  t h e  m e l t i n g  p e r i o d ,  t h e  i n c r e a s e d  c o n c e n t r a t i o n  must  be d u e  t o  
t h e  o u t w a s h i n g  o f  i o n s  f rom exchange  s i tes  a n d / o r  t h e  s o i l  s o l u t i o n ,  as 
w e l l  as due  t o  f a i r l y  r a p i d  i n t e r a c t i o n  be tween m e l t w a t e r  and  m i n e r a l s .  
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F i g .  2 .  R e l a t i o n s h i p  be tween c o n c e n t r a t i o n s  of major c a t i o n s  and  stream 
d i s c h a r g e  a t  t h e  o u t l e t  of t h e  w a t e r s h e d .  
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