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ABSTRACT 

Q u a n t i f i c a t i o n  of  s u f f i c i e n t  o r  minimum f l o w s  needed t o  s u s t a i n  t h e  
a q u a t i c  h a b i t a t  is n e c e s s a r y  f o r  s a t i s f a c t o r y  r e s o l u t i o n  of  w a t e r  u s e  
c o n f l i c t s  and p l a n n i n g  of wa te r  a l l o c a t i o n  s t r a t e g i e s .  The I n s t r e a m  Flow 
Group (IFG) of t h e  U.S. F i s h  and W i l d l i f e  S e r v i c e  h a s  developed a  
methodology t o  gage t h e  q u a n t i t y  of  s u i t a b l e  h a b i t a t  i n  a  s t r e a m .  
A p p l i c a t i o n  of  t h e  methodology r e q u i r e s  i n f o r m a t i o n  on t h e  l o c a l  
v a r i a t i o n s  of  d e p t h  and v e l o c i t y  i n  a  s t r e a m  r e a c h .  Conven t iona l  f low 
models a r e  i n a d e q u a t e  f o r  t h i s  a p p l i c a t i o n ,  and e v a l u a t i o n  of  a q u a t i c  
h a b i t a t s  r e q u i r e s  e x t e n s i v e  f i e l d  work. R e s u l t s  o b t a i n e d  i n  a  s t u d y  r e a c h  
canno t  be  a p p l i e d  t o  o t h e r  r e a c h e s  w i t h  d i s s i m i l a r  a r e a s .  

To a d d r e s s  t h e  problem of d e f i n i n g  t h e  l o c a l  v a r i a t i o n  of d e p t h s  and 
v e l o c i t i e s  f o r  r e g i o n a l  h a b i t a t  e v a l u a t i o n ,  a  p r o b a b i l i s t i c  f low model is 
developed.  The p r o b a b i l i s t i c  model i n c o r p o r a t e s  h y d r a u l i c  geometry 
r e l a t i o n s h i p s  t o  e v a l u a t e  a v e r a g e  f l o w  paramete r  v a l u e s  w i t h o u t  t h e  
n e c e s s i t y  of  f i e l d  o b s e r v a t i o n s .  Local  v a r i a t i o n s  of d e p t h  and v e l o c i t y  
v a l u e s  a r e  e v a l u a t e d  from p r o b a b i l i t y  d i s t r i b u t i o n  models developed from 
f i e l d  d a t a  c o l l e c t e d  on t h e  Sangamon and South  Fork Sangamon R i v e r  b a s i n s .  
The f low model s i m u l a t i o n  f o r  c a l c u l a t i n g  s t r e a m  h a b i t a t  s u i t a b i l i t y  w i t h  
t h e  IFG methodology is i l l u s t r a t e d .  
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The q u a n t i t y  of  s u i t a b l e  h a b i t a t  is measured by computing t h e  

Weighted Usab le  Area,  WUA: 

N 
WUA = 1 S ( d i )  x S(Vi) x A i  

i = 1  

i n  which S ( d i )  and S ( v i )  a r e  t h e  s u i t a b i l i t y  indexes  f o r  d e p t h ,  d ,  and 

v e l o c i t y ,  v ,  c h a r a c t e r i s t i c  of a  p o r t i o n  of  t h e  s t r e a m  hav ing  a  f l o w  

N 
s u r f a c e  a r e a  A i .  1 A i  is t h e  t o t a l  s u r f a c e  a r e a  of  t h e  s t u d y  r e a c h .  

i = l  
T h i s  p rocedure  approx imates  t h e  t o t a l  w a t e r  s u r f a c e  a r e a  i n  a  s i m u l a t e d  

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

c o n d i t i o n .  The v a l u e s  o f  WUA may b e  compared t o  a s s e s s  t h e  r e l a t i v e  

abundance of h a b i t a t  expec ted  under v a r i o u s  f l o w  s c e n a r i o s .  

The l o c a l  v a r i a t i o n s  of  d e p t h  and v e l o c i t y  th roughout  t h e  s t r e a m  

r e a c h  must be  known t o  e v a l u a t e  t h e  WUA f o r  a  g i v e n  d i s c h a r g e .  

C u r r e n t l y ,  t h e  s t r e a m  h y d r a u l i c s  is de te rmined  by measur ing t h e  f l o w  

v e l o c i t i e s  and d e p t h s  i n  a  r e p r e s e n t a t i v e  s t r e a m  r e a c h  a c r o s s  abou t  10 

t r a n s e c t s  f o r  2 o r  more d i s c h a r g e s .  I n  o r d e r  t o  e v a l u a t e  o t h e r  

d i s c h a r g e s  a r e l a t i o n s h i p  between d i s c h a r g e  and l o c a l  v a l u e s  of v e l o c i t y  

and d e p t h  must  be  e s t a b l i s h e d .  A t  p r e s e n t  t h e  i n f o r m a t i o n  c o l l e c t e d  is 

used t o  c a l i b r a t e  a h y d r a u l i c  model based on Manning's e q u a t i o n .  

Manning's e q u a t i o n  is a p p l i c a b l e  t o  uniform f l o w  c o n d i t i o n s .  Flow 

is n o t  uniform a t  low d i s c h a r g e s ,  which a r e  of p a r t i c u l a r  i n t e r e s t  i n  

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

i n  f l o w  d e p t h  from r i f f l e s  t o  p o o l s .  Local  v a r i a t i o n s  i n  channe l  

geometry become i n c r e a s i n g l y  s i g n i f i c a n t  w i t h  d i m i n i s h i n g  f low 

q u a n t i t i e s ,  and e s t i m a t e s  of  d e p t h s  and v e l o c i t i e s  a r e  s u b j e c t  t o  g r o s s  

i n a c c u r a c i e s  a t  low f lows .  E x t r a p o l a t i o n  of  t h e  f l o w  d a t a  t o  c a l c u l a t e  

t h e  WUA f o r  o t h e r  r e a c h e s  canno t  be  r e a d i l y  accomplished because  

h y d r a u l i c  c o n d i t i o n s  may va ry  c o n s i d e r a b l y .  T h e r e  a r e  no  r e l a t i o n s  t o  

l i n k  t h e  v a r i a t i o n s  of d e p t h s  and v e l o c i t i e s  measured i n  one  r e a c h  t o  

c o n d i t i o n s  i n  o t h e r  r e a c h e s  of  t h e  same s t r e a m  o r  i n  o t h e r  s t r e a m s .  Thus,  

a bas inwide  a n a l y s i s  over  a  r a n g e  of  f l o w  c o n d i t i o n s  canno t  be  

accomplished w i t h o u t  e x t e n s i v e  f i e l d  work f o r  d i r e c t  measurement o f  f l o w  

paramete r s .  



The d i v e r s i t y  of d e p t h s  and v e l o c i t i e s  e s s e n t i a l  f o r  s u p p o r t  of  

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

During low t o  medium f l o w s ,  poo l s  a r e  c h a r a c t e r i z e d  by r e l a t i v e l y  l a r g e  

d e p t h s  and low v e l o c i t i e s  w h i l e  r i f f l e s  a r e  s h a l l o w  w i t h  h i g h  v e l o c i t i e s .  

The pool  r i f f l e  sequence  forms i n  a  f a i r l y  p r e d i c t a b l e  p a t t e r n ,  r e p e a t i n g  

on t h e  a v e r a g e  e v e r y  5  t o  7  t i m e s  t h e  s t r e a m  wid th ;  t h e  w i d t h  i n c r e a s e s  

w i t h  d r a i n a g e  a r e a  (Leopold and Wolman, 1957; Harvey,  1975; Nunnal ly  and 

K e l l e r ,  1979) .  The a v e r a g e  pool d e p t h  w i l l  a l s o  i n c r e a s e  w i t h  i n c r e a s i n g  

d r a i n a g e  a r e a .  I n  a n  e x t e n s i v e  r e v i e w  of  r i v e r  p a t t e r n s  i n  R u s s i a ,  

Rzhan i t syn  (1960)  r e p o r t e d  t h a t  t h e  maximum pool d e p t h  t o  w i d t h  r a t i o  and 

r i f f l e  d e p t h  t o  wid th  r a t i o  m a i n t a i n  s i m i l a r  r e l a t i o n s h i p s  when p l o t t e d  

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

annua l  d i s c h a r g e .  

The c o n s i s t e n c y  i n  t h e  n a t u r e  of  s t r e a m  channe l  f o r m a t i o n  is 

ev idenced  i n  t h e  s i m i l a r i t y  of r e l a t i o n s h i p s  between f l o w  paramete r s  

( w i d t h ,  d e p t h ,  and v e l o c i t y )  and d i s c h a r g e  f o r  a  v a r i e t y  of  s t r e a m  

networks. Leopold and Maddock (1953)  f irst  s t a t e d  t h e  concep t  i n t r o d u c i n g  

t h e  h y d r a u l i c  geometry r e l a t i o n s  f o r  wid th  (W), d e p t h  ( D ) ,  v e l o c i t y  ( V ) ,  

and f l o w  c r o s s - s e c t i o n a l  a r e a  ( A )  a s  f u n c t i o n s  of d i s c h a r g e  a t  a  

p a r t i c u l a r  s t r e a m  c r o s s  s e c t i o n  ( e . g . ,  s t a t i o n ) :  

i n  which b+f+m=l.O and axcxk =1.0 ,  and D is t h e  a v e r a g e  d e p t h  of  f l o w  and 

e q u a l s  Q/ (WxV) .  S i m i l a r  power f u n c t i o n s  e x p r e s s  t h e  t r e n d  of i n c r e a s i n g  

W ,  D ,  and V w i t h  d r a i n a g e  a r e a  f o r  a  c o n s t a n t  f r e q u e n c y  of d i s c h a r g e .  

H y d r a u l i c  geometry r e l a t i o n s  demons t ra te  t h a t  t h e r e  is a n  o r d e r l y ,  

c o n s i s t e n t  p r o g r e s s i o n  of change i n  a  s t r e a m  system.  

S t a t i o n  h y d r a u l i c  geometry r e l a t i o n s  a r e  c a l i b r a t e d  by p l o t t i n g  W ,  

D ,  and V v e r s u s  d i s c h a r g e  on l o g - l o g  s c a l e .  The d a t a  f o r  t h e  s t a t i o n  

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

measurements made by t h e  USGS personne l  a t  a l l  a c t i v e  g a g i n g  s t a t i o n s .  A 

b e s t  f i t  l i n e  i s  drawn f o r  t h e  r a n g e  of f l o w s  between t h e  l o w e s t  measured 

f l o w s  t o  f l o w s  a t  approx imate ly  t h e  b a n k f u l l  l e v e l .  Parameter  v a l u e s  a t  



low f l o w s  t e n d  t o  d e p a r t  from a s i m p l e  l i n e a r  r e l a t i o n s h i p ,  and t h e  b e s t  

f i t  l i n e  may be  c u r v i l i n e a r .  

R e l a t i o n s  l i n k i n g  f low paramete r s  th roughout  t h e  b a s i n  may b e  

c o n s t r u c t e d  a s  f u n c t i o n s  of d r a i n a g e  a r e a  and and f l o w  d u r a t i o n .  S t a l l  

and Fok ( 1 9 6 8 ) ,  expanding on t h e  o r i g i n a l  c o n c e p t s  of  h y d r a u l i c  geometry,  

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

i n  which a ,  b ,  and c  a r e  r e g r e s s i o n  c o e f f i c i e n t s  f o r  a b a s i n ,  F  is t h e  

decimal  f l o w  d u r a t i o n ,  and Ad is t h e  d r a i n a g e  a r e a .  These  g e n e r a l  

r e l a t i o n s  were conf i rmed f o r  I l l i n o i s  s t r e a m s  and f o r  s e l e c t e d  b a s i n s  i n  

t h e  Uni ted  S t a t e s  ( S t a l l  and Yang, 1970) .  The s i m p l e  bas inwide  r e l a t i o n s  

show good agreement f o r  h i g h  d i s c h a r g e s ,  g r e a t e r  t h a n  t h o s e  f o r  t h e  50% 

f low d u r a t i o n .  S t a l l  and Fok obse rved  t h a t  t h e  r e l i a b i l i t y  of  t h e  

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

d u r a t i o n ) .  

OBJECTIVES AND SCOPE 

The o b j e c t i v e s  of  t h i s  r e s e a r c h  p r o j e c t  a r e :  

1 )  t o  deve lop  r e l i a b l e  bas inwide  h y d r a u l i c  geometry r e l a t i o n s  f o r  

medium t o  low f l o w s ;  

2 )  t o  conduct  a f i e l d  program of  measurements t o  document t h e  

v a r i a t i o n  of  d e p t h s  and v e l o c i t i e s  i n  a n a t u r a l  s t r e a m  channe l  

f o r  a r a n g e  of d r a i n a g e  a r e a s ;  

3 )  t o  e v a l u a t e  s t a t i s t i c a l  pa ramete r s  d e s c r i b i n g  t h e  v a r i a t i o n  of 

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

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

geometry;  

4 )  t o  compare t h e  r e s u l t s  of  b a s i n  e q u a t i o n s  w i t h  f i e l d  
measurements; 

5 )  t o  combine t h e  b a s i n  h y d r a u l i c  geometry r e l a t i o n s  f o r  a v e r a g e  

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

t h e s e  p a r a m e t e r s  t o  form a  h y d r a u l i c  model t o  s i m u l a t e  expec ted  



ranges of depth and veloci ty  in a stream reach as  a function of 

drainage area and flow; and 

6 )  t o  in te r face  the hydraulic model w i t h  the  IFG habi ta t  s u i t a b i l i t y  

function fo r  basinwide assessment of Weighted Usable Area ( W U A ) .  

The Sangamon River i n  I l l i n o i s  was se lected f o r  t h i s  study. The 

Sangamon River a t  i ts  o u t l e t  t o  the I l l i n o i s  River has a drainage area of 

5452 square miles. Numerous long- and short-term gaging s t a t i ons  and 

water qua l i ty  monitoring s t a t i ons  have been i n  operation in  the basin 

from which ample discharge measurement data and da i ly  flow records a r e  

available.  There a re  f i v e  reservoirs  i n  the system, and there  a r e  a l s o  a 

var ie ty  of unregulated natural  channel streams f o r  study. 

Hydraulic geometry r e l a t i ons  were developed independently fo r  two 

basins i n  the  Sangamon River system: the  South Fork Sangamon and the  

Sangamon. The basins were delineated on the  basis  of hydrologic 

differences.  The map i n  Figure 1 shows the  Sangamon River system stream 

network and the locat ions  of gaging s t a t i ons .  Data from flow 

measurements a t  these s t a t i ons  were used i n  developing the  basin 

equations fo r  stream hydraulic geometry. The pr inciples  of hydraulic 

geometry a r e  applicable t o  natural  streams. O n l y  data col lected near 

gaging s t a t i ons  s i t ua t ed  i n  a  reach of natural  channel were used in  the 

analysis .  

Nine stream reaches representing a range of drainage areas  were 

se lected fo r  f i e l d  measurement of depths and ve loc i t i es :  four along the 

South Fork Sangamon and f i v e  along the  main stem of the  Sangamon. Two 

adjacent pool and r i f f l e  sequences were iden t i f i ed  t o  define each reach. 

Velocit ies and depths were measured a t  two d i f f e r en t  discharges f o r  each 

reach. The reaches studied a r e  a l so  shown in Figure 1 .  
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H Y D R A U L I C  DIVISIONS OF THE SANGAMON R I V E R  BASIN ABOVE OAKFORD 

The Sangamon R i v e r  above Oakford may be  d i v i d e d  i n t o  t h r e e  

h y d r o l o g i c a l l y  homogeneous b a s i n s :  t h o s e  of  t h e  Sangamon, t h e  Sou th  Fork 

Sangamon, and S a l t  Creek.  S ingh  (1981)  demons t ra ted  t h e  homogeneity of 

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

d u r a t i o n .  The r e l a t i o n s h i p  between t h e  7-day 10-year low f l o w  and 

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

Da i ly  f l o w  d a t a  from 22 gag ing  s t a t i o n s  on t h e  Sangamon, Sou th  Fork 

Sangamon, and S a l t  Creek were  a n a l y z e d  t o  e v a l u a t e  r e l a t i o n s  between 

d i s c h a r g e  and d r a i n a g e  a r e a .  ~ i s c h a r ~ e  may b e  e x p r e s s e d  as a f u n c t i o n  of 

d r a i n a g e  a r e a  f o r  a  g i v e n  f l o w  d u r a t i o n .  The r e l a t i o n s h i p  may be  

g e n e r a l i z e d  f o r  a  b a s i n  i n  a n  e x p r e s s i o n  o f  t h e  form: 

where A d  = d r a i n a g e  a r e a  

Qj = d i s c h a r g e  a t  f l o w  d u r a t i o n  j 

a j  and b j  = r e g r e s s i o n  c o e f f i c i e n t s  f o r  f l o w  d u r a t i o n  j 

The r e g r e s s i o n  c o e f f i c i e n t s  a j  a n d - b j  va ry  w i t h  f low d u r a t i o n .  

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

e a c h  of t h e  t h r e e  b a s i n s .  The b j  o r  t h e  s l o p e  o f  t h e  l o g  Q v e r s u s  l o g  Ad 

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

b a s i n s .  The r e g r e s s i o n  c o e f f i c i e n t s  f o r  t h e  10% t h r o u g h  90% f l o w  

d u r a t i o n s  a r e  l i s t e d  i n  T a b l e  1  f o r  each  b a s i n .  Equa t ion  4 is modi f i ed  

t o  

The s u b s c r i p t  i ( i = l ,  2 ,  o r  3 )  d e n o t e s  t h e  Sangamon, Sou th  Fork Sangamon, 

o r  S a l t  Creek b a s i n .  The r e g r e s s i o n  a n a l y s i s  was performed u s i n g  two 

dummy v a r i a b l e s ,  D l  and D2, g i v e n  by 

The r e l i a b i l i t y  of  t h e s e  r e l a t i o n s  is i n d i c a t e d  by t h e  h i g h  c o r r e l a t i o n  

c o e f f i c i e n t s ,  r ,  and low s t a n d a r d  e r r o r s  o f  e s t i m a t e ,  Se,  which a r e  a l s o  

i n c l u d e d  i n  T a b l e  1 .  The b a s i n  e q u a t i o n s  developed f o r  d i s c h a r g e  
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cor respond ing  t o  v a r i o u s  f l o w  d u r a t i o n s  f o r  t h e  Sangamon and South  Fork 

Sangamon were used i n  t h i s  s t u d y .  

Flow measurement d a t a  from which h y d r a u l i c  geometry r e l a t i o n s  a r e  

developed a r e  c o l l e c t e d  a t  long-term g a g i n g  s t a t i o n s ,  temporary  gag ing  

s t a t i o n s ,  w a t e r  q u a l i t y  s i t e s ,  and p a r t i a l - r e c o r d  low-flow s t a t i o n s  

m a i n t a i n e d  by t h e  U.S. Geo log ica l  Survey.  A s u f f i c i e n t  r e c o r d  of d a i l y  

f l o w  d a t a  t o  c o n s t r u c t  f l o w  d u r a t i o n  c u r v e s  is n o t  c o l l e c t e d  a t  a l l  of  

t h e s e  s t a t i o n s .  T h e r e f o r e ,  t h e  b a s i n  f l o w - d u r a t i o n  e q u a t i o n s  were used i n  

l i e u  of  f l o w  d u r a t i o n  c u r v e s  developed from d a i l y  f l o w  d a t a .  The b a s i n  

d i s c h a r g e  e q u a t i o n s  p r o v i d e  a  c o n s i s t e n t  method of computing d i s c h a r g e s  

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

homogeneous r e g i o n .  



STATION H Y D R A U L I C  GEOMETRY EQUATIONS 

The fundamental building blocks of the regional hydraulic geometry 

r e l a t i ons  a r e  the  s t a t i o n  equations. These equations r e l a t e  flow 

parameters width ( W ) ,  depth (D),  cross-sectional area  ( A ) ,  and velocity 

( V )  t o  discharge measured a t  cross sect ions  near t he  s ta t ion .  When 

plot ted on a log-log sca le ,  W ,  D ,  A ,  and V increase in  a consistent  

manner w i t h  increasing discharge a t  a sect ion.  Typically, the s t a t i o n  

hydraulic ra t ing  curves a r e  f i t  by eye t o  the  data.  

The s t a t i o n  re la t ionsh ip  f o r  t he  log-transformed var iables  may be 

evaluated by regression analysis ,  expressing them as  polynomial function 

re la t ionsh ips  between log ( D ,  V ,  W ,  or  A )  and log  Q.  Alternative 

formulations w i t h  d i f fe ren t  order polynomials may then be compared on the 

basis  of regression parameters qualifying the  goodness of f i t .  Polynomial 

regression analysis  has the advantage of providing a compact mathematical 

expression instead of a graphical r e l a t i on ,  and repea tab i l i ty  given t he  

same data  and c r i t e r i a .  The value and r e l i a b i l i t y  of the regression 

equations a r e  dependent on the  data used t o  compute them. The avai lable  

data  from the stream gaging s t a t i ons  were ca re fu l ly  screened before 

inclusion i n  the  development of the  s t a t i o n  r e l a t i ons  and ult imately t he  

basin hydraulic geometry re la t ions .  

DATA 

The U.S. Geological Survey conducts an extensive program of stream 

flow measurements. A s  par t  of tha t  continuing program, between 10 t o  20 

de ta i l ed  current  meter flow measurements a r e  made every year a t  each 

ac t ive  gaging s t a t i on .  Through t h i s  e f f o r t  there is avai lable  a mass of 

data on stream flow and channel geometry. For each measurement, 

ve loc i t i es  and depths a r e  sampled a t  a stream cross sect ion,  the top 

wid th  ( W )  is measured, and gage height is recorded. The flow 

cross-sectional  area ( A ) ,  the average veloci ty  ( V ) ,  and discharge ( 8 )  a r e  

computed. The average depth ( D )  defined as  t h e  hydraulic depth may be 

computed from D = A / ~  (Chow, 1959). Low t o  medium flows a r e  typ ica l ly  

measured by wading along a stream cross sect ion.  High flows w i t h  depths 

exceeding approximately 3 f e e t  a r e  usually measured from a bridge near 



t h e  gage i n s t a l l a t i o n ,  from a c a b l e  c a r  i f  a v a i l a b l e ,  o r  from a  b o a t .  The 

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

Data c o l l e c t e d  n e a r  n i n e t e e n  s t r e a m  gag ing  o r  w a t e r  q u a l i t y  s t a t i o n s  

on  t h e  Sangamon main s t em and Sou th  Fork Sangamon R i v e r s  were o b t a i n e d  

from t h e  USGS d i s t r i c t  o f f i c e  i n  Urbana, I l l i n o i s .  Data  from f i v e  

s t a t i o n s  and some d a t a  p o i n t s  from o t h e r  s t a t i o n s  were n o t  i n c l u d e d  i n  

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

r e l a t i o n s  were developed from d a t a  o b t a i n e d  n e a r  f o u r t e e n  s t a t i o n s ;  t h e  

s t a t i o n s ,  d r a i n a g e  a r e a s ,  and y e a r s  of r e c o r d  used a r e  l i s t e d  i n  T a b l e  2.  

Data used  i n  deve lop ing  pa ramete r  r a t i n g  c u r v e s  must be  o b t a i n e d  a t  

c r o s s  s e c t i o n s  r e p r e s e n t a t i v e  of t h e  n a t u r a l  channe l  (Leopold  and 

Maddock, 1953).  St ream r e a c h e s  which a r e  dredged o r  l e v e e d ,  o r  where 

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

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

between dep th  o r  v e l o c i t y  w i t h  d i s c h a r g e  a t  a s e c t i o n ,  c o n s t r i c t e d  by 

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

s e c t i o n .  

D e t a i l e d  gag ing  s t a t i o n  d e s c r i p t i o n s  and h i s t o r i e s  were  g a t h e r e d  

from t h e  USGS f o r  each  of  t h e  s t a t i o n s  i n i t i a l l y  reviewed.  I n f o r m a t i o n  

p rov ided  i n  t h e  d e s c r i p t i o n s  l e d  t o  t h e  e l i m i n a t i o n  of  f i v e  s t a t i o n s  from 

t h e  s t u d y :  Gage 05583000 a t  Oakford is l o c a t e d  i n  a  dredged and l e v e e d  

r e a c h ;  Gage 05573540 a t  Highway 48 n e a r  Decatur  was n o t  used  a s  a l l  f l o w s  

may b e  a f f e c t e d  by g a t e  o p e r a t i o n  of t h e  Lake Decatur  Dam; Gage 05572500 

a t  Oakley was a f f e c t e d  by backwater  from t h e  Lake Deca tu r  Dam; a l l  low 

and medium f l o w s  measured a t  t h e  temporary  gage nea r  P e t e r s b u r g  a r e  made 

d i r e c t l y  upst ream of  a  dam; and f o r  Gage 05572100 on Wi ldca t  Creek,  f l o w s  

a r e  measured a t  a  c u l v e r t .  The g a g i n g  s t a t i o n  d e s c r i p t i o n s  a l s o  document 

a c t i v i t i e s  which may have modi f i ed  t h e  h y d r a u l i c  c o n d i t i o n s  o r  s t r e a m  

morphology a t  t h e  gage s u c h  a s  dam o r  b r i d g e  c o n s t r u c t i o n  i n  t h e  r e a c h  

d u r i n g  t h e  p e r i o d  of  r e c o r d ,  r e l o c a t i o n  of t h e  gag ing  i n s t a l l a t i o n ,  o r  

f l o w  d i v e r s i o n  a t  h i g h  s t a g e s .  For  each  s t a t i o n  o n l y  f l o w  measurement 

d a t a  r e p r e s e n t a t i v e  of a  homogeneous h y d r a u l i c  r eg ime  were i n c l u d e d .  



TABLE 2 

Gaging S t a t i o n s  

Drainage 
a r e a  Period of Number of 

USGS No. Stream name S t a t i o n  ( m i 2 )  record data  points  

Sangamon River 

05571 500 Goose Creek DeLand 47.3 6/51 t o  4/59 55 

05572450 Friends Creek Argenta 111.0 9/66 t o  10/82 134 

0557091 0 Sangamon Fisher  240.0 8/78 t o  9/82 3 1 

05571 000 Sangarnon Mahorne t 362.0 3/48 t o  9/78 246 

05572000 Sangarnon Monticello 550.0 3/41 t o  11/68 177 

05573650 Sangamon Niantic  1054.0 12/77 t o  8/83 23 

05576500 Sangarnon Riverton 2618.0 11/34 t o  12/56 6 9 

South Fork Sangamon River 

05 57 4000 So. Fork Sang. Nokornis 10.8 1/51 t o  10/75 155 

05 575830 Brush Creek D i  vernon 32.4 9/73 t o  10/82 7 4 

05 575800 Horse Creek Pawnee 52.2 4/66 t o  1 1 /82 11 3 

05 577500 Spring Creek Spr ingf ie ld  107.0 6/58 t o  10/82 158 

05 57 4500 F l a t  Branch Tay lo rv i l l e  279.0 7/49 t o  9/82 203 

05 575500 So. Fork Sang. Kincaid 562.0 1 0 / 3 3 t o 8 / 6 0  88 

05 576000 So. Fork Sang. Rochester 867.0 4/66 t o  10/82 8 0 



The h y d r a u l i c  c o n s i s t e n c y  and a c c u r a c y  of t h e  f l o w  d a t a  were checked 

by examining t h e  s t a g e  d i s c h a r g e  r e l a t i o n s h i p  f o r  t h e  p e r i o d  o f  r e c o r d  

and a l s o  by v e r i f y i n g  t h a t  t h e  p h y s i c a l  l aw,  Q = V x A ,  was s a t i s f i e d  by 

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

log- log  s c a l e  from t h e  a v a i l a b l e  d a t a .  I n  a  f ew c a s e s  m u l t i p l e  r a t i n g  

c u r v e s  were e v i d e n t .  Only d a t a  fo rming  a  s i n g l e  c u r v e  were r e t a i n e d .  

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

v e r s u s  d i s c h a r g e  p l o t s  t o  some e x t e n t .  Measurements were o m i t t e d  i f  VxA 

was n o t  w i t h i n  +5J of t h e  r e p o r t e d  d i s c h a r g e .  Usua l ly  1 t o  5% of t h e  

measurements were o m i t t e d  from t h e  f i n a l  d a t a  s e t  because  of t h e s e  

c o n s i d e r a t i o n s .  

The o r i g i n a l  f i e l d  n o t e s  f o r  e a c h  measurement were reviewed t o  

i d e n t i f y  i t  a s  a  wading measurement ( i n f o r m a t i o n  c o l l e c t e d  by f i e l d  

p e r s o n n e l  t r a v e r s i n g  t h e  s t r e a m  on f o o t  o r  by b o a t )  o r  b r i d g e  measurement 

(measurement made by l o w e r i n g  equipment i n t o  t h e  s t r e a m  from a  b r i d g e ) .  

There  a r e  no c a b l e  c a r  i n s t a l l a t i o n s  i n  t h e  Sangamon Basin .  The 

approximate  l o c a t i o n  of  t h e  measured s e c t i o n  r e l a t i v e  t o  t h e  gage was 

n o t e d  i f  r e p o r t e d .  

STATION H Y D R A U L I C  GEOMETRY 

S t a t i o n  h y d r a u l i c  geometry p l o t s  were developed from t h e  f i n a l  d a t a  

s e t s .  T h e r e  a r e  f o u r  l o g - l o g  p l o t s  f o r  e a c h  s t a t i o n :  W ,  D ,  A ,  and V 

v e r s u s  Q. The p l o t s  f o r  e a c h  s t a t i o n  appear  i n  F i g u r e s  2 t h r o u g h  15. 

Data  c o l l e c t e d  a t  a  wading s e c t i o n  a r e  p l o t t e d  w i t h  a  0  symbol,  and d a t a  

o b t a i n e d  a t  a  b r i d g e  s e c t i o n  a r e  p l o t t e d  w i t h  a  + symbol. The v e r t i c a l  

dashed l i n e  l a b e l e d  " c u t  o f f n  i n  e a c h  g raph  is p l o t t e d  a t  a  d i s c h a r g e  

e q u a l  t o  1.5 t i m e s  t h e  10% f l o w  d u r a t i o n  d i s c h a r g e .  The r e l a t i o n s h i p s  

developed i n  t h i s  p r o j e c t  were l i m i t e d  t o  f l o w s  a t  o r  below t h i s  l i m i t .  

Flows l e s s  t h a n  t h i s  l i m i t  may be  e x p e c t e d  t o  be  c o n t a i n e d  w i t h i n  t h e  

channe l  banks.  One e x c e p t i o n  is a t  t h e  gage l o c a t e d  n e a r  F i s h e r ,  where 

f l o w s  exceed ing  approx imate ly  200 c f s  a r e  d i v e r t e d  t h r o u g h  a  c u l v e r t ;  

h e r e  200 c f s  was used a s  t h e  " c u t  o f f . "  

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

T h e r e  is a  d i s c o n t i n u i t y  between t h e  wading d a t a  and t h e  b r i d g e  d a t a  i n  

n e a r l y  every  s t a t i o n  graph.  T h i s  d i s c o n t i n u i t y  does  n o t  co r respond  t o  



























































































F i g u r e  19.  R e l a t i o n s h i p  be tween d e p t h  r e g r e s s i o n  c o e f f i c i e n t s  and  f l o w  
d u r a t i o n ,  F ,  f o r  t h e  Sangamon b a s i n  



F i g u r e  20. R e l a t i o n s h i p  between Depth Regress ion  C o e f f i c i e n t s  and Flow 
D u r a t i o n ,  F ,  f o r  t h e  Sou th  Fork Sangamon Bas in  
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TABLE 9  

Values of W ,  D ,  and V Computed from 
Two Regression Equation Formulations 

Equation ( 9 )  l o g  (VAR) = a  + bF + C ( l o g  Ad) 

Equation (13)  l o g  (VAR) = Af + Bf ( l o g  Ad) 

Sangamon South Fork Sangamon 

Ad Ad 

Freq. Var. Equation 50 200 500 5 0 200 500 



6 2 

FIELD STUDY 

STUDY REACHES 

Nine  r e a c h e s  were  s e l e c t e d  f o r  f i e l d  measurements .  Four  r e a c h e s  a r e  

l o c a t e d  i n  t h e  S o u t h  Fork  Sangamon B a s i n  and f i v e  are l o c a t e d  i n  t h e  

Sangarnon R i v e r  Bas in .  D r a i n a g e  areas r a n g e  f rom 13.4 t o  715 s q  m i  i n  t h e  

S o u t h  Fork  B a s i n  and f rom 19.1 t o  1439 s q  m i  i n  t h e  Sangamon B a s i n .  The 

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

l o c a t e d  i n  s e c t i o n s  o f  s t r e a m s  n o t  a f f e c t e d  by backwa te r  f rom dams o r  

m o d i f i e d  by b r i d g e  c r o s s i n g s .  Reaches  are s t r a i g h t  o r  s l o w l y  meander ing .  

Each s t u d y  r e a c h  was s u r v e y e d  t o  l o c a t e  3  c o n s e c u t i v e  r i f f l e s  and  2 

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

S t r e a m s  i n  t h e  Sangamon and  S o u t h  Fork  Sangamon b a s i n s  have  a l l u v i a l  

c h a n n e l s .  Bed materials f o u n d  i n  t h e  s t u d y  r e a c h e s  r a n g e d  f rom sil t  t o  

medium s i z e  p e b b l e s ,  w i t h  t h e  l a r g e s t  p e b b l e s  h a v i n g  a n  a p p r o x i m a t e  

diameter o f  1 " .  Bed materials were  examined t o  assist i n  i d e n t i f y i n g  

r i f f l e s  a n d  p o o l s .  Riff les  were c h a r a c t e r i z e d  by s a n d  o r  by s a n d  and  

p e b b l e s ,  and  a l l  p o o l s  had s i l t  d e p o s i t s  up t o  s e v e r a l  i n c h e s  t h i c k  as 

o b s e r v e d  a t  t h e  time o f  t h e  f i e l d  work. 

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

be tween well e s t a b l i s h e d  r i f f l es .  Dur ing  low f l o w s  some r e l a t i v e l y  

s h a l l o w  s e c t i o n s  ( h a v i n g  less d e p t h  t h a n  c o n d i t i o n s  i m m e d i a t e l y  ups t r eam 

a n d  downstream) may be  e a s i l y  i d e n t i f i e d ;  d u r i n g  medium f l o w s  t h e s e  

s h a l l o w  s p o t s  a r e  n o t  e v i d e n t  and  o n l y  w e l l  d e f i n e d  r i f f l e s  may be  

r e a d i l y  o b s e r v e d .  The  s o - c a l l e d  s h a l l o w  s e c t i o n s  had bed  materials 

homogeneous w i t h  t h e  d e e p e r  p o r t i o n s  o f  t h e  p o o l .  Only r i f f l e s ,  w e l l  

d e f i n e d  by lower  d e p t h s  a n d  c o a r s e r  bed  m a t e r i a l s ,  were  used  t o  e s t a b l i s h  

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

l i s t e d  i n  T a b l e  10. The r e a c h e s  i n  t h e  Sangamon B a s i n  a r e  numbered 1-5 

and t h o s e  i n  t h e  S o u t h  Fork  B a s i n  are numbered 6-9. 

FIELD PROCEDURES 

T h i r t e e n  t r a n s e c t s  were measu red  i n  e a c h  r e a c h .  One t r a n s e c t  was 

l o c a t e d  a t  e a c h  r i f f l e  and f i v e  t r a n s e c t s  were l o c a t e d  i n  e a c h  p o o l .  



S t a  Nearest 
No. Town - 

SANGAMON 

Township 
Range 

Sec t ion  

TABLE 1 0 

Study Reaches 

1 SAYRROOK T23N R5E S27 
2 GIBSON CITY T22N R7E SO6 
3 FISHER T21N R8E SO6 
4 ALLERTON PARK T18N R5E S30 
5 R I V E R T O N  T I  6N R 4 W  S25 

SOUTH FORK SANGAMON 

6 NOKOMIS T11N H2W S36 
7 FINDLAY T13N R2E S22 
8 MOWEAQUA T14N R 1 E  S34 
9 ROCHESTER T14N R 4 W  SO3 

Stream 
Name 

SANGAMON 
SANGAMON 
SANGAMON 
SANGAMON 
SANGAMON 

Reach 

Ad length  
( s q  m i )  ( f t )  - 

S.F. SANG. 13.4 550.0 
FLAT BRANCH 77.3 165.0 
FLAT BRANCH 190.5 570.0 
S.F. SANG. 715.0 1183.0 
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TABLE 1 1  

Discharge and Average Values of W, D ,  V ,  and A Measured a t  Study Reaches 

S t a  Q S t a r t  Q Flow Average values - 
No. - No. date ( c f s )  Duration - W - D - V - A 

SANG AMON 

SOUTH FORK SANGAMON 



from bo th  t h e  b a s i n s  and is shown i n  F i g u r e  22. Two p o i n t s  a r e  p l o t t e d  

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

t h r e e  r i f f l e s  i d e n t i f i e d  by f i e l d  p e r s o n n e l .  The r e a c h  number a p p e a r s  

a d j a c e n t  t o  t h e  p l o t t e d  p o i n t  i n  t h e  f i g u r e .  A s t r a i g h t  l i n e  was f i t  by 

eye  t o  t h e  d a t a  and is shown i n  t h e  f i g u r e .  The p o i n t s  f o r  t h e  

i n t e r m e d i a t e  d r a i n a g e - a r e a  r e a c h e s  show a  l i n e a r  t r e n d .  The s m a l l e s t  

d r a i n a g e  a r e a  r e a c h e s ,  1 and 6 ,  had more e r r a t i c  r i f f l e  s p a c i n g ,  and t h e  

p l o t t e d  p o i n t s  f o r  t h o s e  r e a c h e s  do  n o t  f a l l  on  t h e  l i n e .  T h i s  may be 

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

r i f f l e  pool sequences  d i f f e r  w i t h  d i s c h a r g e  a t  r e a c h  5 .  T h i s  may b e  t h e  

r e s u l t  of  a n  unobserved o b s t r u c t i o n  downstream b u t  t h e  p l o t t i n g  p o s i t i o n  

of  r i f f l e  s p a c i n g ,  based on t r a n s e c t  l o c a t i o n ,  s u g g e s t s  t h a t  r e a c h  5  may 

compr i se  o n l y  one r i f f l e  pool  sequence.  A l t e r n a t i v e l y ,  a  p o i n t  

r e p r e s e n t i n g  t h e  f u l l  r e a c h  l e n g t h  v e r s u s  W20 is a l s o  p l o t t e d .  T h i s  

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

The a v e r a g e  r i f f l e  s p a c i n g  f o r  t h e  Sangamon and South  Fork Sangamon 

f o r  a l l  t h e  r e a c h e s  was 7 t i m e s  t h e  width  ( c a l c u l a t e d  f o r  20% f l o w  

d u r a t i o n ) .  Excluding t h e  r e l a t i v e l y  l o n g  s p a c i n g  found a t  t h e  s m a l l e s t  

d r a i n a g e  a r e a  r e a c h e s ,  t h e  a v e r a g e  s p a c i n g  is 4.5 t i m e s  t h e  width .  When 

t h e  a l t e r n a t e  v a l u e  of r i f f l e  s p a c i n g  f o r  r e a c h  5  is s u b s t i t u t e d ,  t h e  

a v e r a g e  is 5.0.  F i g u r e  23 is a  h i s togram d e p i c t i n g  r i f f l e  s p a c i n g  i n  

terms of  s t r e a m  w i d t h ,  W20. The s p a c i n g  between e a c h  p a i r  of  r i f f l e s  i n  

a  r e a c h  was used t o  c o n s t r u c t  t h e  h i s togram ( t h e  two r i f f l e  s p a c i n g s  f o r  

Reach 5  were i n c l u d e d ) .  

An a t t e m p t  was made t o  deve lop  a means o f  e s t i m a t i n g  r e l a t i v e  l e n g t h s  

of p o o l s  and r i f f l e s  i n  a  r e a c h  w i t h o u t  d i r e c t  f i e l d  o b s e r v a t i o n .  The 

t e rms  r i f f l e  and pool r e f e r  t o  r e l a t i v e  d i f f e r e n c e s  i n  f l o w  c o n d i t i o n s  

and bed m a t e r i a l s ,  and a r e  n o t  p r e c i s e l y  d e f i n e d  i n  terms of h y d r a u l i c s .  

The t r a n s i t i o n  zone between a  r i f f l e  and a  p o o l ,  and v i c e  v e r s a ,  has  by 

d e f i n i t i o n  i n t e r m e d i a t e  f low c o n d i t i o n s .  For t h e  purpose  of  e s t i m a t i n g  

r i f f l e  and poo l  l e n g t h s  from h y d r a u l i c  d a t a  a l o n e ,  a  working c r i t e r i o n  

was a p p l i e d  t o  c l a s s i f y  c o n d i t i o n s  measured a t  a  t r a n s e c t  a s  e i t h e r  pool 

o r  r i f f l e .  I n s o f a r  as o n l y  low t o  medium f l o w s  were  measured,  r i f f l e  

c o n d i t i o n s  a r e  assumed i f  t h e  t r a n s e c t  a v e r a g e  dep th  is l e s s  t h a n  t h e  

r e a c h  a v e r a g e  d e p t h  and ,  s i m u l t a n e o u s l y ,  t h e  t r a n s e c t  a v e r a g e  v e l o c i t y  is 
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F i g u r e  22. Study-reach r i f f l e  s p a c i n g  v e r s u s  W20 
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Riffle Spacing in Units of Channel Width, W20 

F i g u r e  23. His togram of s t u d y - r e a c h  r i f f l e  s p a c i n g  


























































